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SCHEMATIC SYMBOLS USED IN CIRCUIT DIAGRAMS 

ANTENNA GROUND 

1 1 
T T 

FIXED CONDENSER 
(See Footnote 1) 

B. 

VARIABLE OR ADJUSTABLE 
CONDENSER 

A- Sin 9/e - section 
B- Split- stator 

(See footnote 2) 

A. E B C. 

AIR- CORE INDUCTOR 

A- Fixed coil or r f choke 
B- Coil with fixed tap 
C- Coil with variable tap 
(knoll circles indicate ',lug-ant/-
jack or binding-post terminals) 

--LW_O  
IRON-CORE INDUCTOR 

OR CHOKE 

B 

A-AIR- CORE TRANSFORMER 
OR INDUCTIVELY-COUPLED COILS 

(Arrow used only if coupling 
.is variable) 

B- LINK-COUPLED COILS 

ARBE 
IRON- CORE TRANSFORMERS 
A- laminated core 
B- Powdered- iron core 
(Arrows indicate variable 
core or permeabmty tuning) 

---

FIXED RESISTOR 

VARIABLE RESISTOR, 
POTENTIOMETER, VOLTAGE 
DIVIDER, RHEOSTAT, ETC. 

WIRING DIAGRAM DEVICES 
A- Wires connected 
B- Wires net connected 

TWISTED- PAIR CABLE 

COAXIAL CABLE 

SHIELDED WIRE OR CABLE 

SHIELDING 

iL 
FARADAY SHIELD 

iii 
TERMINALS 

with appropriate labels L 1 1 1 1 pin 
BC D 

SWITCHES 

s.1? C-DPST 

Et- S.PD.T D-Rotary kfultipoint 

KEY JACK 

PLUG 

-e--
POWER PLUGS 
A- Non polarized 
B-Polarized 

Nonpaarized and polarized 
power receptacles 

e\-P 

FUSE 

Plate 

Fdameni 
DIODE VACUUM TUBE 

E 
MICROPHONES 

A-Single-button D-Dynantcc Grid 
B-Double-button E- Velocity 
C- Condenser F- Crystal 

-6b-
Double Single 
HEADPHONES 

LOUDSPEAKER 

rrF? 
BUZZER 

33-'.43-B 
RELAYS 

A- Normally- open 
B- Normally - closed 

A 

VIBRATORS 
A- Non rectifying 
B -Self-rectifying 

METER 
(with e = proper 

identification - V,MA,etc) 

MOTOR 

=4111111P =-1 
BATTERY SINGLE CELL 

RECTI FIER 
(Usually dry-disk) 

Plaie 

Filament 
TRIODE VACUUM TUBE 

G 

P/ate 
G4 

GI Gz 

Cathode -. 
MULTIGRID VACUUM TUBE 
The grids are usually 
numbered,G1 being that 
closest to the cathode 

FILAMENT CATHODE 
OR HEATER 

Y li 
PHOTOELECTRIC COLD 

CATHODE CATHODE 

-- --- 
GRID 

(Also beant-o9nfining 
or beam-forming 

electrode) 

J_ 
PLATE 

pL 
DIODE 
PLATE ANODES 

ELECTRON- RAY CATHODE-RAY 
TUBE TARGET TUBE DEFLECTING 

ANODES PLATES 

11 LAMPS 
A- Panel or dial 
B- Il/umtiurttng 

NEON BULB orVOLTAGE REGULATOR 
(VR) TUBE 

•(do t) A # ECRYSTALS 4 1 B 
INDICATES GASEOUS TUBE A- Piezoelectric 

B- Detector 

‘‘ her,. it i; de.i ra ble to ideritifs the electrc cde,. the ettrved element repre.cpt , the nido ide electrode 
(marked -4,11I•ide foil,- -ground,- etc.) in fixed paper- and veramie-dielectrie conden:ers, and lije newitire electrode 

in electrol, tie condensers. 
2 In tip: modern osifico1, the curved line indicates the moving element ( rotor plates) in variable and adjustable air. 

or mica-dielectric condensers. 

In the case of switches, jacks, relays. etc., old> the combinations are chosen. Any combination of these sym-

bols mas ici- assembled as required, follinsing the elementary forms shown. 
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Foreword 
With this thirtieth edition The Radio Amateur's Handbook reaches another 

milestone in its history of twenty-seven years of continuous publication, a 
period during which the total circulation has climbed appreciably toward the 
three-million mark. Since the appearance of the first edition in 1926, the 
Handbook has enjoyed wide popularity and acceptance because of its practical 
utility, its treatment of radio communication problems in terms of how-to-
do-it, and its long-established policy of presenting the soundest and best as-
peels of current amateur practice rather than merely the new and novel. 
These time-tested features have won for the Handbook world-wide acceptance 
in other fields of radio endeavor — engineering, educating, servicing, operating, 
military — even though the book is written primarily for the radio amateur. 
The planning, preparation and production of the Handbook is the work of the 
Headquarters staff of the amateur's own organization, the American Radio 
Relay League. 

As with its predeeessors, this edition also has received extensive revision to 
keep pace with the technical progress of amateur radio. The equipment chap-
ters llave been extensively redone to reflect the advances of the past year, 
especially along the line of showing transmitting gear that is compatible with 
the advent of telecasting. Of special note is a completely revised chapter on 
measurements, featuring equipment and techniques that provide an enlighten-
ing and accurate check on the performance of station equipment. As usual, the 
chapter on vacuum tubes has been favored with a very late deadline in order to 
make it one of the most comprehensive and up-to-the-minute sources of tube 
information in the world. 

Those to whom the handbook has for years been an indispensable com-

panion are well aware of it, but for new readers it is worth pointing out 
that in contrast to most publications of a comparable nature, the Handbook 
is printed in the convenient format of the League's monthly. magazine, 
QS7'. This, together with extensive and usefully-appropriate catalog 
advertising by reputable manufacturers producing equipment for radio 
amateurs and industry, makes it possible to distribute for u very modest charge 
a work which in volume of subject matter and profusion of illustration sur-
passes most available radio texts selling for several times its price. 

It is sincerely hoped that this new edition will succeed in bringing as 
much ussisi a top and inspiration to amateurs and newcomers to the hobby 
as have its many predecessors. 

West Hartford, Conn. 

A. L. BUDLONG 
General Manager, A.R.R.L. 
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THE 

AMATEUR'S 

CODE 

ONE THE AMATEUR IS GENTLEMANLY . . . He never 
knowingly uses the air for his own amusement in 

such a way as to lessen the pleasure of others. He abides by 

the pledges given by the ARRL in his behalf to the public and 

the Government. 

TWO THE AMATEUR IS LOYAL . . . He owes his ama-
teur radio to the American Radio Relay League, 

and he offers it his unswerving loyalty. 

THREE THE AMATEUR IS PROGRESSIVE . . . He 
keeps his station abreast of science. It is 

built well and efficiently. His operating practice is clean and 

regular. 

FouR THE AMATEUR IS FRIENDLY . . . Slow and 
patient sending when requested, friendly ad-

vice and counsel to the beginner, kindly assistance and co5Der-

ation for the broadcast listener; these are marks of the ama-

teur spirit. 

FIVE
THE AMATEUR IS BALANCED . . . Radio is his 
hobby. He never allows it to interfere with any of 

the duties he owes to his home, his job, his school, or his com-

munity. 

SIX THdE hAMis tATt.EUR on rISalPATRIOTIways dC f.o.r .thHis eknowlervice fdlgi.e 

country and his community. 
— Paul M. Segal 



CHAPTER 1 

Amateur Radio 

Amateur radio is a scientific hobby, a means 
of gaining personal skill in the fascinating art 
of e lee t n j t ii es and an opport unity to coin-
nutmeat e with fellow citizens by private short-
wave radio. Scattered over the globe are nearly 
150,000 amateur radio operators who perform a 
service defined in international law as one of 
-self training, intercommunication and technical 
investigations carried on by . . . duly author-
ized persons interested in radio technique solely 
with a personal aim and without pecuniary 
interest." 

From a humble beginning at the turn of the 
cent try, amateur radio has grown to become 
an estiiblished institution. Today the Ameri-
can followers of amateur radio number nearly 
100,000, trained communicators from whose 
ranks will come t he professional communica-
t ions specialists and executives of tomorrow — 
just as many of today's radio leaders were first 
at to radio by their early interest in 
amat cur radio communication. A powerful 
and prosperous organization now provides a 
bond bet ween amateurs and protects their 
interests; an internationally-respected maga-
zine is published solely for their benefit. The 
Army and Navy seek the cooperation of the 
amateur in developing communications re-
serves. Amateur radio supports a manufactur-
ing industry which, by the very demands of 
amateurs for the latest and best equipment, 
is always up-to-date in its designs and pro-
duct ien t echniques — in itself a national 
asset. Amateurs have won the gratitude of 
t n, nation for their heroic performances in 
times of not ural disaster. Through their or-
ganization, amateurs have cooperative work-
ing aigreetnents ‘vit h such agencies as the 
United Nations and the Red Cross. Amateur 
radio is, mu leed, a magnificently useful in-
stitution. 

Although as old as the art of radio itself, 
r mat cur radio did not always enjoy such 
prestige. It s first enthusiasts were private 
eiI ii.eos a 4 r! experimental turn of mind whose 
imaginations went wild when Marconi first 
proved that messages actually could be sent 
by wireless. They set about learning enough 
ale tut t he new scientific marvel to build home-
made statiens. By 1912 there were numerous 
Government and commercial stations, and 
hundreds of amateurs; regulation was needed, 
so laws, licenses and wavelength specifications 
for the various services appeared. There was 
then no amateur organization nor spokesman. 

The official viewpoint toward amateurs was 
something like this: 

"Amateurs? . . . Oh, yes. . . Well, stick 
'em on 200 meters and below; they'll never 
get out of their backyards with that." 

But as the years rolled on, amateurs found 
out how, and DX (distance) jumped from local 
to 500-mile and even occasional 1,000-mile two-
way contacts. Because all long-distance mes-
sages had to be relayed, relaying developed into 
a fine art — an ability that was to prove in-
valuable when the Government suddenly called 
hundreds of skilled amateurs into war service 
in 1917. Meanwhile U. S. amateurs began to 
wonder if there were amateurs in other coun-
tries across the seas and if, some day, we might 
not span the Atlantic on 200 meters. 
Most important of all, this period witnessed 

the birth of the American Radio Relay League, 
the amateur radio organization whose name 
was to be virtually synonymous with subse-
quent amateur progress and short-wave de-
velopment. Conceived and formed by the 
famous inventor, the lute Hiram Percy Maxim, 
AR RL was formally launched in early 1914. It 
had just begun to exert its full force in amateur 
activities when the United States declared war 
in 1917, and by that act sounded the knell for 
amateur radio for the next two and a half 
years. There were then over 6000 amateurs. 
Over 4000 of them served in the armed forces 
during that war. 

Today, few amateurs realize that World 

HIRAM PEttCY M.XlM 

President ARRIL 1914-1936 

9 



10 
War I not only marked the close of the first 
phase of amateur development but came very 
near marking its end for all time. The fate of 
amateur radio was in the balance in the days 
immediately following the signing of the Armi-
stice. The Government, having had a taste of 
supreme authority over communications in 
wartime, was more than half inclined to keep 
it. The war had not been ended a month before 
Congress was considering legislation that would 
have made it impossible for the amateur radio 
of old ever to be resumed. ARRL's President 
Maxim rushed to Washington, pleaded, ar-
gued, and the bill was defeated. But there was 
still no amateur radio; the war ban continued. 
Repeated representations to Washington met 
only with silence. The League's oflices had 
been closed for a year and a half, its rec-
ords stored away. Most of the former amateurs 
had gone into service; many of them would 
never come back. Would those returning be 
interested in such things as amateur radio? 
Mr. Maxim, determined to find out, called a 
meeting of the old Board of Directors. The 
situation was discouraging: amateur radio still 
banned by law, former nienibors a t tered. no 
organization, no membership. no funds. But 
those few determined men financed the pub-
lication of a notice to all the former amateurs 
that could be located, hired Kenneth B. 
Warner as the League's first paid secretary, 
floated a bond issue among old League mem-
bers to obtain money for immediate running 
expenses, bought the magazine QST to be the 
League's official organ, started activities, and 
dunned officialdom until the wartime ban was 
lifted and amateur radio resumed again, on 
October 1, 1919. There was a headlong rush 
by amateurs to get back on the air. Gang-
way for King Spark! Manufacturers were hard 
put to supply radio apparatus fast enough. 
Each night saw additional dozens of stations 
crashing out over the air. Interfeience? It was 
bedlam! 
But it was an era of pugress. Wartime needs 

had stimulated technical development. Vac-
uum tubes were being used both for receiving 
and transmitting. Amateurs immediately 
adapted the new gear to 200-meter work. 
Ranges promptly increased and it became 
possible to bridge the'ec-ontinent with but one 
intermediate relay. .•-• 

ge TRANS-ATLANTICS 
As DX became 1000, then 1500 and then 

2006 miles, amateurs began to dream of trans-
Atlantic work. Could they get across? In 
December, 1921, ARRL sent abroad an expert 
amateur, Paul F. Godley, 2ZE, with the best 
receiving equipment available. Tests were run, 
and thirty American stations were heard in 
Europe. In 1922 another trans-Atlantic test 
was carried out and 315 American calls we 
logged by European amateurs and one French 
and two British stations were heard on this 
side. 

CHAPTER 1 

Everything now was centered on one objec-
tive: two-way amateur communication across 
the Atlantic! It must be possible — but some-
how it couldn't quite be done. More power? 
Many already were using the legal maximum. 
Better receivers? They had superheterodynes. 
Another wavelength? What about those un-
disturbed wavelengths below 200 meters? The 
engineering world thought they were worth-
less — but they had said that about 200 met-
ers. So, in 1922, tests between Hartford and 
Boston were made on 130 meters with encour-
aging results. Early in 1923, ARRL-sponsored 
tests on wavelengths down to 90 meters were 
successful. Reports indicated that as the wave-
length dropped the results were better. A growing 
excitement began to spread through amateur 
ranks. 

Finally, in November, 1923, after some 
months of careful preparation, two-way ama-
teur trans-Atlantic communication was accom-
plished, when Schnell, IMO, and Reinartz, 
INA M (now W9UZ and K6B.I, respec-
tively) worked for several hours with Deloy, 
8AB, in France, with all three stations on 110 
meters! Additional stations dropped down to 
100 meters and found that they, too, could 
easily work two-way across the Atlantic. The 
exodus from the 200-meter region had started. 
The " short-wave" era had begun! 
By 1924 dozens of commercial companies 

had rushed stations into the 100-meter region. 
Chaos threatened, until the first of a series of 
national and international radio conferences 
partitioned off various bands of frequencies 
for the different services. Although thought 
still centered around 100 meters, League offi-
cials at the first of these frequency-determining 
conferences, in 1924, wisely obtained amateur 
bands not only at 80 meters but at 40, 20, 10 
and evim 5 meters. 

Eighty meters proved so successful that 
"forty" was given a try, and QS0s with Aus-
tralia, New Zealand and South Africa soon 
became commonplace. Then how about 20 me-
ters? This new band revealed entirely unex-
pected possibilities when 1XAM worked 6TS 
on the West Coast, direct, at high noon. The 
dream of amateur radio — daylight DX! — 
was finally true. 

• PUBLIC SERVICE 
Amateur radio is a grand and glorious 

hobby but this fact alone would hardly merit 
such wholehearted support as is given it by 
our Government at international conferences. 
There are other reasons. One of these is a thor-
ough appreciation by the Army and Navy of 
the value of the amateur as a source of skilled 
radio personnel in time of war. Another asset 
is best described as " public service." 
About 4000 amateurs had contributed their 

skill and ability in ' 17-'18. After the war it was 
only natural that cordial relations should pre-
vail between t he Army and Navy and the ama-
teur. These relations strengthened in the next 
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few years and, in gradual steps, grew into co-
operative activities which resulted, in 1925, in 
the establishment of the Naval Communica-
tions Reserve and the Army-Amateur Radio 
System (now the Military Affiliate Radio 
System). In World War II thousands of ama-
teurs in the Naval Reserve were called to * ac-
tive duty, where they served with distinction, 
while many other thousands served in the 
Army, Air Forces, Coast Guard and Marine 
Corps. Altogether, more than 25,000 radio 
amateurs served in the armed forces of the 
United States. Other thousands were engaged 
in vital civilian electronic research, develop-
ment and manufacturing. They also organized 
and manned the War Emergency Radio Serv-
ice, the communications section of OCD. 

The " public-service" record of the amateur 
is a brilliant tribute to his work. These activi-
ties can be roughly divided into two classes, 
expeditions and emergencies. Amateur co-
operation with expeditions began in 1923 when 
a League member, Don Mix, ITS, of Bristol, 
Conn. (now assistant technical editor of QS7'), 
accompanied MacMillan to the Arctic on the 
schooner Bowdoin with an amateur station. 
Amateurs in Canada and the U.S. provided the 
home contacts. The success of this venture was 
such that other explorers followed suit. During 
subsequent years a total of perhaps two 'hun-
dred voyages and expeditions were assisted by 
amateur radio, and for many years no expedi-
tion has taken the field without such plans. 

Since 1913 amateur radio has been the prin-
cipal, and in many eases the only, means of 
outside communication in several hundred 
storm, flood and earthquake emergencies in 
this country. The 1936 eastern states flood, the 
1937 Ohio River Valley flood, the Southern 
California flood and Long Island-New England 
hurricane disaster in 1938, and the Florida-
Gulf Coast hurricanes of 1947 called for 
the amateur's greatest emergency effort. In 
these disasters and many others — tornadoes, 
sleet storms, forest fires, blizzards — amateurs 
played a major rôle in the relief work and 
earned wide commendation for their resource-
fulness in effecting communication where all 
other means had failed. During 1938 ARRL 
inaugurated a new emergency-preparedness 
program, registering personnel and equipment 
in its Emergency Corps and putting into ef-
fect a comprehensive program of coôperation 
with the Red Cross, and in 1947 a National 
Emergency Coordinator was appointed to 
full-time duty at League headquarters. 
The amateur's outstanding record of organized 

preparation for emergency communications and 
performance under fire has been largely respon-
sible for the decision of the Federal Government 
to set up special regulations and set. aside special 
frequencies for use by amateurs in providing 
auxiliary communications for civil defense pur-
poses in the event of war. Under the banner, 
"Radio Amateur Civil Emergency Service," ama-
teur. are setting up and manning community and 

area networks integrated with civil defense func-
tions of the municipal governments. Should a war 
.cause the shut-down of routine amateur activi-
ties, the RACES will he immediately available in 
the national defyil,.. 

• TECHNICAL DEVELOPMENTS 
Throughout these many years the amateur 

was careful not to slight experimental develop-
ment in t he enthusiasm incident to interna-
tional DX. The experimenter was constantly 
at work on ever-higher frequencies, devising 
improved apparatus, and learning how to 
cram several stations where previously there 
was room for only one! In particular, the ama-
teur pressed on to the development of the very 
high frequencies and his experience with five 
meters is especially representative of his in-
itiative and resourcefulness and his ability to 
make the most of what is at hand. In 1924, first 
amateur experiments in t he vicinity of 56 Mc. 
indicated that hand I() be practically worth-
less for I) .\ N.,net hiss, great " short-haul" 
activity eventually came about in the band 
and new gear was developed to meet its special 
problems. Beginning in 1934 a series of inves-
tigations by t! u' brilliant experimenter, Ross 
Hull ( later QS7"s edit or). developed the theory 
of v.h.f. wave-bending in the lower atmos-
phere and led amateurs to the attainment of 
better distances; while occasional manifesta-
tions of ionospheric propagation, with still 
greater distances, gave the band uniquely er-
ratic performance. By Pearl Harbor thousands 
of amateurs were spending much of their time 
on this and the next higher band, many having 
worked hundreds of stations at distances up to 
several thousand miles. Transcontinental 6-
meter DX is now a commonplace occurrence; 
even the oceans have been bridged! It is a 
tribute to these indefatigable amateurs that 
today's concept of v.h.f. propagation was de-
veloped largely through amateur research. 

Tlie amateur is constantly in the forefront of 
technical progress. His incessant curiosity, his 
eagerness t o try anything new, are two reasons. 
Another is that ever-growing amateur radio 
continually overcrowds its frequency assign-
ments, spurring amateurs to the development 
and adoption of new techniques to permit the 

A corner of the A It It L laboratory. 
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accommodation of more stations. For ex-
amples, amateurs turned from spark to c.w., 
designed more selective receivers, adopted 
crystal control and pure d.c. power supplies. 
From the ARRL's own laboratory in 1932 
came James Lamb's " single-signal" super-
heterodyne — the world's most advanced 
high-frequency radiotelegraph receiver — 
and, in 1936, the " noise-silencer" circuit. 
Amateurs are now turning to speech " clip-
pers" to reduce bandwidths of ' phone trans-
missions and investigating " single-sideband 
suppressed-carrier" systems which promise 
to halve the spectrum space required by 
a voice-modulated signal. 
During World War JI, thousands of skilled 

amateurs contributed their knowledge to the 
development of secret radio devices, both in 
Government and private laboratories. Equally 
as important, the prewar technical progress by 
amateurs provided the keystone for the de-
velopment of modern military communications 
equipment. Perhaps more important today 
than individual contributions to the art is the 
mass cooperation of the amateur body in 
Government project s such as propagation 
studies; each participating amateur station is 
in reality a separate field laboratory from 
which reports are made for correlation and 
analysis. 

Emergency relief, expedition contact, ex-
perimental work and countless instances of 
other forms of public service — rendered, as 
they always have been and always will be, 
without hope or expectation of material re-
ward — made amateur radio an integral part 
of our peacetime national life. The importance 
of amateur participation in the armed forces 
and in other aspects of national defense have 
emphasized more strongly than ever that ama-
teur radio is vital to our national existence. 

• THE AMERICAN RADIO RELAY 
LEAGUE 

The ARRL is today not only the spokesman 
for amateur radio in this country but it is the 
largest amateur organization in the world. It is 
strictly of, by and for amateurs, is noncom-
mercial and has no stockholders. The members 
of the League are the owners of the ARRL and 
QST. 
The League is pledged to promote interest in 

two-way amateur communication and experi-
mentation. It is interested in the relaying of 
messages by amateur radio. It is concerned with 
the advancement of the radio art. It stands for 
the maintenance of fraternalism and a high 
standard of conduct. It represents the amateur 
in legislative matters. 
One of the League's principal purposes is to 

keep amateur activities so well conducted that 
the amateur will continue to justify his ex-
istence. Amateur radio offers its followers 
countless pleasures and unending satisfaction. 
It also calls for the shouldering of responsi-

The operating room at W1AW. 

bilities — the maintenance of high standards, 
a cooperative loyalty to the traditions of 
amateur radio, a dedication to its ideals and 
principles, so that the institution of amateur 
radio may continue to operate '' in t he public 
interest, convenience and necessity." 
The operating territory of ARRL is divided 

into fifteen C. S. and five Canadian divisions. 
The affairs of the League are managed by a 
Board of Directors. One director is eluct el 
every two years by the membership oi each 
U. S. division, and one by the Canadian member-
ship. These directors then choose the president 
and vice-president, who are also members of the 
Board. The secretary and treasurer are also ap-
pointed by the Board. The directors, as represen-
tatives of the amateurs in their divisions, meet 
annually to examine current amateur problems 
and formulate ARRL policies thereon. The di-
rectors appoint a general manager to supervise 
the operations of the League and its headquarters, 
and to carry out the policies and instructions of 
the Board. 
ARRL owns and publishes the monthly 

magazine, Q.T. Acting as a bulletin of the 
League's organized activities, ()ST also serves 
as a medium for the exchange of ideas and fos-
ters amateur spirit. Its technical articles are 
renowned. It has grown to be the " amateur's 
bible," as well as one of the foremost radio 
magazines in the world. Membership dues in-
clude a subscription to QST. 
ARRL maintains a model headquarters 

amateur station, known as the Hiram Percy 
Maxim Memorial Station, in Newington, 
Conn. Its call is W1AW, the call held by Mr. 
Maxim until his death and later transferred 
to the League station by a special FCC action. 
Separate transmitters of maximum legal power 
on each amateur band have permitted the 
station to be heard regularly all over the 
world. More important, WIAW transmits on 
regular schedules bulletins of general interest 
to amateurs, conducts code practice as a 
training feature, and engages in two-way work 
on all popular bands with as many amateurs 
as time permits. 

At the headquarters of the League in West 
Hartford, Conn., is a well-equipped laboratory 
to assist staff members in preparation of 
technical material for QST and the Radio 
Amateur's Handbook. Among its other ac-
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tivities, the League maintains a Communica-
tions Department concerned with the operat-
ing activities of League members. A large field 
organization is headed by a Section Communi-
cations Manager in each of the League's 
seventy-two sections. There are appointments 
for qualified members as Official Relay Station 
or Official ' Phone Station for traffic handling; 
as Official Observer for monitoring frequencies 
and the quality of signals; as Route Manager 
and 'Phone Activities Manager for the estab-
lishment of trunk lines and networks; as 
Emergency Coordinator for the promotion of 
amateur preparedness to cope with natural 
disasters; and as Official Experimental Station 
for those pioneering the frequencies above 
50 Mc. Mimeographed bulletins keep ap-
pointees informed of the latest developments. 
Special activities and contests promote oper-
ating skill. A special section is reserved each 
month in QST for amateur news from every 
section of the country. 

• AMATEUR LICENSING IN THE 
UNITED STATES 

The Communications Act lodges in the Vi-
eral Communications Commission alit iii  y 
to classify and license radio stations and to 
prescribe regulations for their operation. Pur-
suant to the law, FCC has issued detailed reg-
ulations for the amateur service. 
A radio amateur is a duly authorized person 

interested in radio technique solely with a per-
sonal aim and without pecuniary interest. A ma-
tour operator licenses are given to F. S. eit 
zens who pass an examination on operation 
and apparatus and on the provisions of law 
and regulations affecting amateurs, and who 
demonstrate ability to send and receive code. 
There are five basic classes of amateur license 
(Novice, Technician, General-Conditional, Ad-
vanced, and Amateur Extra), each having differ-
ent requirements and each conveying different 
privileges as to frequencies available and choice 
of emission. Station licenses are granted only to 
licensed operators and permit communication 
between such stations for amateur purposes, i.e., 
for personal noncommercial aims flowing from 
an interest in radio technique. An amateur station 
may not be used for material coin' ieliat ion of any 
sort. nor for broadcasting. Narrow bands of fre-
quencies are allocated exclusively for use by ama-
teur stations. Transmissions may be on any 
frequency within the assigned bands. All the 
frequencies may be used for c.w. telegraphy and 
some are available for radiotelephony by any 
amateur, while others are reserved for rttdiotele-
phone use by persons holding higher grades of 
license. The input to the final stage of ama-
teur stations is limited to 1000 watts and on 
frequencies below 144 Mc. must be adequately-
filtered direct current. Emissions must be free 
from spurious radiations. The licensee must 
provide for measurement of the transmitter 
frequency and establish a procedure for check-
ing it regularly. A complete log of station oper-

ation must be maintained, with specified data. 
The station license also authorizes the holder 
to operate portable and mobile stations subject 
to further regulations. An amateur station may be 
operated only by an amateur operator licensee, 
but any licensed amateur operator may operate 
any amateur station within the scope of privileges 
conveyed by the licenses. All radio licensees are 
subject to penalties for violation of regulations. 
Amateur licenses are issued entirely free of 

charge. They can be issued only to citizens but 
that is the only limitation, and they are given 
without regard to age or physical condition to 
anyone who successfully completes the exam-
ination. When you are able to copy code at the 
required speed, have studied basic transmitter 
theory and are familiar with the law and ama-
teur regulations, you are ready to give serious 
thought to securing the Government amateur 
licenses which are issued you, after examina-
tion at a local district office or examining 
points in most of our larger cities, through 
FCC at Washington. A complete up-to-the-
minut e discussion of license requirements, and 
study guides for those preparing for the exami-
nations, are to be found in an ARRL publication, 
l'he Radio A meteor's License Manual, available 
from the American Radio Relay League, West 
Hartford 7, Conn., for 50e, postpaid. 

• LEARNING THE CODE 
In starting to learn the code, you should 

consider it simply another means of conveying 

A didah N 

B da 

C dandidandit 

D dandidit 

E ffit 

F dididandit S 

G dalidandit 

H didididit U 

I didit V 

J didandandah 

• dandidah X 

L Cridandidit Y 

M dandah 2 

1 didandandandah 6 

2 diClicrandandah 7 

3 didididandah 8 

4 dididididah 9 

5 dididididit 0 

dandit 

dan- dandah 

didandandit 

dab dah di dah 

didandit 

dididit 

dah 

dididah 

didididah 

didandah 

dandididah 

dandidandah 

dandandidit 

dandidididit 

dan- dandididit 

dandandandidit 

dand7hdandandit 

dandandandandah 

Period: didandidandidah. Comma: dandah-

dididalidali. Question mark: dididandandidit. 

Erro—r:ditlit lidididitlidit. Double dash :dandididi-

dah. Wait: didandididit. End of message: 

didandidandit. Invitation to transmit: dandi-

dah. End of work: didididandidah. Fraction 

dandididandit. 

Fig. 1.1 — The Continental (International Morse) code. 
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information. The spoken word is one method, 
the printed page another, and typewriting and 
shorthand are additional examples. Learning 
the code is as easy — or as difficult — as 
learning to type. 
The important thing in beginning to study 

code is to think a it as a language of sound, 
never as combinations of dots and dashes. It is 
easy to " speak" code equivalents by using 
"dit" and "daft," so that A would be " didah" 
(the " t" is dropped in such combinations). The 
sound " di" should be staccato; a code char-
acter such as " 5" should sound like a machine-
gun burst: dididididit! Stress each "dull" 
equally; they are underlined or italicized in 
this text because they should be slightly 
accented and drawn out. 
Take a few characters at a time. Learn them 

thoroughly in didah language before going 
on to new ones. If someone who is familiar 
with code can be found to " send" to you. 
either by whistling or by means of a buzzer 
or code oscillator, enlist his cooperation. 
Learn the code by listening to it. Don't think 
about speed to start; the first requirement is 
to learn the characters to the point where 
you can recognize each of them without 
hesitation. Concentrate on any difficult letters. 
Learning the code is not at all hard; a simple 
booklet treating the subject in detail is another of 
the beginner publications available from the 
League, and is entitled, Learning the Radiotele-
graph Code, 25e postpaid. 

• THE AMATEUR BANDS 

Amateurs are assigned bands of frequencies 
at approximate octave intervals throughout 
the spectrum. Like assignments to all services, 
they are subject to modification to fit the 
changing picture of world communications 
needs. 

In the adjoining table is a summary of the 
U. S. amateur bands on which operation is per-
mitted as of our press date. Figures are mega-
cycles. AO means an unmodulated carrier, A 1 
means c.w. telegraphy, A2 is tone-modulated c.w. 
telegraphy, A3 is amplitude-modulated 'phone, 
A4 is facsimile, A5 is television, NFM desig-
nates narrow-hand frequency- or phase-modu-
lated radiotelephony, and FM means frequency 
modulation, 'phone (including NFM) or teleg-
raphy. In addition, amateurs are assigned por-
tions of the band 1800-2000 kc., subject to 
certain power and geographical restrictions, as 
shown in the table below; either c.w. or voice 
may be used. 

Area 

Minnesota, Iowa. Missouri, Ar-
kansas, Louisiana and states to 

the east of these states, including 

District of Columbia 

North Dakota, South Dakota, 

Nebraska, Corado, New Mex-

ico and states to the west of 

these states, except state of 

Washington 

State of Washington 

Texas, Oklahoma, and Nativas 

Hawaiian Islands 

Puerto Rico and Virgin ida. 

Power (watts) 

Band, kc. Day Night 
1800-1825 500 200 

1875-1900 

1900-1925 500 200 

1975-2000 

1900-1925 200 50 

1975-2000 

1800-1825 200 75 

1875-1900 

1900-1925 500 200 

1975-2000 

1800-1825 500 200 

1875-1900 

The suballocation of amateur bands to various 
types of emission is occasionally changed to fit 
the needs and habits of amateur activities. At 
press tinte a considerable number of such changes 
were in process; e.g., opening parts of the 7- and 
21-Mr. bands to voice, expanding the 14-Mc. 
voice allocation, providing some lower-frequency 
f.s.k. privileges, and pos.:tilde modification of 
license requirements for restricted voice bands. 
Because of the possibility of these and other 
changes each amateur should keep himself cur-
rently informed by consulting QST or writing 
ARRL for latest information. 

3.500- 4.000 — M 
3.800- 4.000 — 13, Nnl, Advanced or Ex-

tra Class 
7.000- 7.300 — Al 
14.000-14.350 — A 
14.200-14.300 — 13, NFM, Advanced or Ex-

tra Class 
21.000-21.450 — Al 
26.960-27.230 — 10. AI. 12, A3, 14, FM 
28 . 000-29 . 700 — Al 
25.500-29.700 — NFM 
29.000-29.700 — FM 
50.0 -54.0 — A I. 12, 13, 14, NFM 
52.5 -54.0 — FM 
144 -148 — AO, Al, 12, 13, 14, FM 
220 -225 — 10, Al, 12, A3, 14, FM 
420* -450* — AO. Al, 12,13, A4,15, FM 
1,215 - 1,300— AS, Al, 12,13, 14, AS, FM 
2.300 - 2,450 
3,300 - 3,500 
5.650 - 5.925 AS, Al. 12. 13, 14, AS, FM. 
10.0(() -10,500 Pulse 
21,000 -22,000 
All above 30,000 

* Peak antenna power must not exceed 50 watts, 
but check with QST or ARFt L 11(1. for possible 
modification after Feb. 15, 1953. 



CHAPTER 2 

Electrical Laws 

and Circuits 
• ELECTRIC AND MAGNETIC 

FIELDS 

When something occurs at one point in space 
because something else happened at another 
point, with no visible means by which the "cause" 
can be related to the "effect," we say the two 
events are connected by a field. The fields with 
which we are concerned are the electric and 
magnetic, and the combination of the two called 
the electromagnetic field. 
A field has two important properties, intensity 

(magnitude) and direction. The field exerts a 
force on an object immersed in it; this force 
represents potential (ready-to-be-used) energy, 
so the potential of the field is a measure of the 
field intensity. The direction of the field is the 
direction in which the object on m hich the force 
is exerted will tend to move. 
An electrically-charged object in an electric 

field will be acted on by a force that will tend to 
move it in a direction determined by the direc-
tion of the field. Similarly, a magnet in a magnetic 
field will be subject to a force. Everyone has seen 
demonstrations of magnetic fields with pocket 
magnets, so intensity and direction are not hard 
to grasp. 
A "static" field is one that neither moves nor 

changes in intensity. Such a field can be set up 
by a stationary electric charge (electrostatic 
field) or by a stationary magnet (magnetostatic 
field). But if either an electric or magnetic field is 
moving in space or changing in intensity, the 
motion or change sets up the other kind of field. 
That is, a changing electric field sets up a mag-
netic field, and a changing magnetic field gen-
erates an electric field. This interrelationship 
between magnetic and electric fields makes pos-
sible such things as the electromagnet and the 
electric motor. It also makes possible the electro-
magnetic waves by which radio communication 
is carried on, for such waves are simply traveling 
fields in which the energy is alternately handed 
back and forth between the electric and mag-
netic fields. 

Lines of Force 

Although no one knows what it is the com-
poses the field itself, it is useful to invent a 
picture of it that will help in visualizing flic 
forces and the way in which they act. 
A field can be pictured as being made up of 

lines of force, or flux lines. These are purely 
imaginary threads that show, by the direction 
in which they lie, the direction the object on 

which the force is exerted will move. The number 
of lines in a chosen cross section of the field is a 
measure of the intensity of the force. The number 
of lines per square inch, or per square centimeter, 
is called the flux density. 

• ELECTRICITY AND THE ELECTRIC 
CURRENT 

Everything physical is built up of atoms, par-
ticles so small that they cannot be seen even 
through the most powerful microscope. But the 
atom in turn consists of several different kinds of 
still smaller particles. One is the electron, essen-
tially a small particle of electricity. The quantity 
or charge of electricity represented by the elec-
tron is, in fact, the smallest quantity of elec-
tricity that can exist. The kind of electricity 
associated with the electron is called negative. 
An ordinary atom consists of a central core 

called the nucleus, around which one or more 
electrons circulate somewhat as the earth and 
other planets circulate around the sun. The 
nucleus has an electric charge of the kind of 
electricity called positive, the amount of its 
charge being just exactly equal to the sum of the 
negative charges on all the electrons associated 
with that nucleus. 
The important fact about these two "oppo-

site" kinds of electricity is that they are strongly 
attracted to each other. Also, there is a strong 
force of repulsion between two charges of the 
saine kind. The positive nucleus and the negative 
electrons are attracted to each other, but two 
electrons will be repelled from each other and so 
will two nuclei. 

While in a normal atom the positive charge on 
the nucleus is exactly balanced by the negative 
charges on the electrons, it is possible for an 
atom to lose one of its electrons. When that hap-
pens the atom has a little less negative charge 
than it should — that is, it has a net positive 
charge. Such an atom is said to be ionized, and 
in this case the atom is a positive ion. If an atom 
picks up an ext ca electron, as it sometimes does, 
it has a net negative charge and is called a 
negative ion. A positive ion will attract any stray 
electron in the vicinity, including the extra one 
t hat may be attached to a nearby negative ion. 
In this way it is possible for electrons to travel 
from atom to atom. The movement of ions or 
electrons constitutes the electric current. 
The amplitude of the current ( that is, its in-

tensity or magnitude) is determined by the rate at 
which electric charge -- an accumulation of elec-

15 
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trons or ions of the same kind — moves past a 
point in a circuit. Since the charge on a single 
electron or ion is extremely small, the number 
that must move as a group to form even a tiny 
current is almost inconceivably large. 

Conductors and Insulators 

Atoms of some materials, notably metals and 
acids, will give up an electron readily, but atoms 
of other materials will not part with any of their 
electrons even when the electric force is extremely 
strong. Materials in which electrons or ions can 
be moved with relative ease are called conductors, 
while those that refuse to permit such movement 
are called nonconductors or insulators. The fol-
lowing list shows how some common materials 
divide between the conductor and insulator 
classifications: 

Coodoelors 

Metals 
Carbon 
Acids 

Insulators 

Dry Air 
Wood 
l'orcelain 
Textiles 
Class 
Rubber 
Ilcsins 

Electromotive Force 

The electric force or potential ( called electro-
motive force, and abbreviated e.m.f.) that causes 
current flow may be developed in several ways. 
The action of certain chemical solutions on dis-
similar metals sets up an e.m.f.; such a combina-
tion is called a cell, and a group of cells forms an 
electric battery. The amount of current that such 
cells can carry is limited, and in the course of 
current flow one of the metals is eaten away. The 
amount of electrical energy that call be taken 
from a battery consequently is rather small. 
Where a large amount of eneigy is needed it is 
usually furnished by an electric generator, which 
develops its e.m.f. by a combination of magnetic 
and mechanical means. 

In picturing ()tumid flow it is natural to think 
of a single, constant force causing the electrons to 
move. When this is so, the electrons always move 
in the same direction through a path or circuit 
made up of conductors connected together in a 
continuous chain. Such a current is called a 
direct current, abbreviated d.c. It is the type of 
current furnished by batteries and by certain 
types of generators. However, it is also possible 
to have an e.m.f. that periodically reverses. With 
this kind of e.m.f. the current flows first in one 
directilni through the circuit :old then in the 
ether. Such an e.m.f. iu called an alternating 
e.m.f., uid the current is palled an alternating 
current { abbreviated a.c. ). The reversals (alter-
nations) may oecur at any rate fil an a few pc') 
second up to sevei al Iiillion Per smind. Two re-
versals make a cycle; in one cycle the force acts 
first in one direction, then in the other, and then 
returns to the first direction. The number of 
cycles in one second is called the frequency of the 
alternating current. 

-t-

CHAPTER 2 

Direct and Alternating Currents 

The difference between direct current and 
alternating current is shown in Fig. 2-1. In these 
graphs the horizontal axis measures time, in-
creasing toward the right away from the vertical 
axis. The vertical axis represents the amplitude 
or strength of the current, increasing in either 
the up or down direction away from the hori-
zontal axis. If the graph is above the horizontal 
axis the current is flowing in one direction through 
the circuit (indicated by the -I- sign) and if it is 
below the horizontal axis the current is flowing 
in the reverse direction through the circuit (indi-
cated by the — sign). Fig. 2-1A shows that, if we 
close the circuit — that is, make the path for the 
current complete — at the time indicated by X, 
the current instantly takes the amplitude indi-
cated by the height A. After that, the current 
continues at the same amplitude as time goes on. 
This is an ordinary direct current. 

In Fig. 2-113, the current starts flowing with 
the amplitude A at time X, continues at that 
amplitude until time Y and then instantly ceases. 
After an interval ITZ the current again begins to 
flow and the same sort of start-and-stop per-
formance is repeated. This is an intermittent direct 
current. We could get it by alternately closing 
and opening a sw itch in the circuit. It is a direct 
current because the direction of current flow does 
not change; the graph is always on the -I- side of 
the horizontal axis. 

In Fig. 2- IC the current starts at zero, in-
creases in amplitude as time goes on until it 
reaches the amplitude :11 while flowing in the + 
direction, then decreases until it drops to zero 
amplitude once more. At that time (X) the 

tmc 

A 

T;me 

Fie. 2.1 — Three types of current flow. A — direct 
curre•u: It — intermittent direct current; C — alternat-
Mg current. 
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direction of the current flow reverses; this is indi-
cated by the fact that the next part of the graph 
is below the axis. As time goes on the amplitude 
increases, with the current now flowing in the — 
direction, until it reaches amplitude A2. Then 
the amplitude decreases until finally it drops to 
zero ( Y) and the direction reverses once more. 
This is an alternating current. 

Waveforms 

The type of alternating current shown in Fig. 
2-1 is known as a sine wave. The variations in 
many a.c. waves are not so smooth, nor is one 
half-cycle necessarily just like the preceding one 
in shape. However, these complex waves can be 
shown to be the sum of two or more sine waves of 
frequencies that are exact integral (whole-num-
ber) multiples of some lower frequency. The 
lowest frequency is called the fundamental fre-
quency, and the higher frequencies (2 times, 3 
times the fundamental frequency, and so on) are 
called harmonics. 

Fig. 2-2 shows how a fundamental and a 
second harmonic (twice the fundamental) might 
add to form a complex wave. Simply by changing 
the relative amplitudes of the two waves, as well 
as the times at which they pass through zero 
amplitude, an infinite number of waveshapes can 
be constructed from just a fundamental and 
second harmonic. Waves that are still more com-
plex can be constructed if more harmonics are 
used. 

Electrical Units 

The unit of electromotive force is called the 
volt. An ordinary flashlight cell generates an 
e.m.f. of about 1.5 volts. The e.m.f. commonly 
supplied for domestic lighting and power is 115 
volts, usually a.c. having a frequency of 60 cycles 
per second. The voltages used in radio receiving 
and transmitting circuits range from a few volts 
(usually a.c.) for filament heating to as high as a 
few thousand d.c. volts for the operation of power 
tubes. 
The flow of electric current is measured in 

amperes. One ampere is equivalent to the move-
ment of many billions of electrons past a point 
in the circuit in one second. Currents in the 
neighborhood of an ampere are required for heat-
ing the filaments of small power tubes. The direct 
currents used in amateur radio equipment usually 
am not so large, and it is customary to measure 
such currents in milliamperes. One milliampere 
is equal to one one-thousandth of an ampere, or 
1000 milliamperes equals one ampere. 
A "d.c. ampere" is a measure of a steady cur-

rent, but the "a.c. ampere" must measure a 
current that is continually varying in amplitude 
and periculically reversing directi(M. To put the 
two on the same basis, an a.c. ampere is defined 
as the amount of current that will cause the same 
heating effect (see later section) as one ampere 
of steady direct current. For sine-wave a.c., this 
effective (or r.m.s.) value is equal to the maxi-
mum amplitude (At or A2 in Fig. 2-1C) multiplied 
by 0.707. The instantaneous value is the value 

o 

fundamental 

2nd Harmonic 

Resultant 

Fig. 2-2 — A complex waveform. A fundatnental (top) 
and second har tttttt tie ( center added together, point by 
point at each instant. re-ull in the e aveform shown at 
the bottom. When the us.. riimpinwrits have he sanie 
polarity at a selected instant, tlu• resultant i- the simple 
sum of the two. V. hen they have opposite polarilieS. the 
resultant is the difference: if the negative-polarity com-
ponent is larger, ti,,, resultant is negative at that instant. 

that the current (or voltage) has at any selected 
instant in the cycle. 

If all the instantaneous values in a sine wave 
are averaged over a holf-eycle, the resulting 
figure is the average value. It is equal to 0.636 
times the maximum amplitude. The average 
value is useful in connection with rectifier sys-
tems, as described in a later chapter. 

• FREQUENCY AND 
WAVELENGTH 

Frequency Spectrum 

Frequencies ranging from about 15 to 15,000 
cycles per second are called audio frequencies, 
because the vibrations of air particles that our 
ears recognize as sounds occur at a similar rate. 
Audio frequencies (abbreviated a.f.) am used to 
actuate loudspeakers and thus create sound 
waves. 

Frequencies above about 15,000 cycles are 
called radio frequencies (r.f.) because they are 
useful in radio transmission. Frequencies all the 
way up to and beyond 10,000,000,000 cycles 
have been used for radio purposes. At radio fre-
quencies the numbers become so large that it be-
comes convenient to use a larger unit than the 
cycle. Two such units are the kilocycle, which is 
equal to 1000 cycles and is abbreviated kc., and 
the megacycle, u hieh is equal to 1,000,00() cycles 
or 1000 kilocycles and is abbreviated Mc. 
The various radio frequencies are divided off 

into cla.ssificat ions for ready identifCittion. These 
classifications, listed below, constitute the fre-
quency spectrum so far as it extends for radio 
purposes at the present time. 
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Frequency 
10 to 30 kc. 
30 to 300 kc. 
300 to 3000 kc. 
3 to 30 Mc. 
30 to 300 Mc. 
300 to 3000 Mc. 
3000 to 30,000 Mc. 

Cituntification Abbreviation 
Very-low frequencies c.i.f. 
Low frequencies If. 
Medium frequencies mi. 
High frequencies h.f. 
Very-high frequencies v.h.f. 
Ultrahigh frequencies uhf. 
Superhigh frequencies s.h.f. 

Wavelength 

Radio waves travel at the same speed as light 
— 300,000,000 meters or about 186,000 miles a 
second in space. They can be set up by a radio-
frequency current flowing in a circuit, because 
the rapidly-changing current sets up a magnetic 
field that changes in the same way, and the vary-
ing magnet lc field in turn sets up a varying elec-
tric field. And whenever this happens, the two 
fields move outward at the speed of light. 
Suppose an r.f. current has a frequency of 

3,000,000 cycles per second. The fields will 
go through complete reversals (one cycle) in 
1/3,000,000 second. In that same period of time 
the fields — that is, the wave — will move 
300,000,000/3,000,000 meters, or 100 meters. 
By the time the wave has moved that distante 

the next cycle has begun and a new wave has 
started out. The first wave, in other words, covers 
a distance of 100 meters before the beginning of 
the next, and so on. This distance is the wave-
length. 
The longer the time of one cycle — that is, the 

lower the frequency — the greater the distance 
occupied by each wave and hence the longer the 
wavelength. The relationship between wave-
length and frequency is shown by the formula 

300,000 
X — 

where X = Wavelength in meters 
f = Frequency in kilocycles 

300 
or A = 

where X = Wavelength in meters 
f = Frequency in megacycles 
Example: The wavelength corresponding to a 

frequency of 3650 kilocycles is 

300.000 
82.2 meters 

365'0 

Resistance 
Given two conductors of the same size and 

shape, but of different materials, the amount of 
current that will flow when a given e.m.f. is 
applied will be found to vary with what is called 
the resistance of the material. The lower the re-
sist afire, the greater the current for a given value 
of e.m.f. 

Resistance is measured in ohms. A circuit has 
a resistance of one ohm when an applied e.m.f. 
of one volt causes a current of one ampere to 
flow. The resistivity of a material is the resistance, 
in ohms, of a cube of the material measuring one 
centimeter on each edge. One of the best con-
ductors is copper, and it is frequently convenient, 
in making resistance calculations, to compare 
the resistance of the material under consideration 
with that of a copper conductor of the same size 
and shape. Table 2-I gives the ratio of the re-
sistivity of various conductors to that of copper. 
The longer the path through which the current 

flows the higher the resistance of that conductor. 
For direct current and low-frequency alternatini., 

TABLE 2-I 

Relative Resistivity of Metals 

Resistivity 
Compared to Copper 

Aluminum noire)   1.70 
Bra,- 3 . 57 
Cadmium   5.26 
(Irontium   I . 82 
Copper (hard-drawn)  1 . 12 
Copper (annealed)  1.00 
Iron (pure)  5.65 
Lead  14 . 3 
N iekel 6 23 to 8.33 
Phosphor Bronze  2 78 
Silver  0.91 
i   7.70 

Zinc  3.54 

currents (up to a fea thousand cycles per second) 
the resistance is inversely proportional to the 
cross-sectional area of the path the current must 
travel; that is, given two conductors of the same 
material and having the same length, but differ-
ing in cross-sectional area, the one with the 
larger area will have the lower resistance. 

Resistance of Wires 

The problem of determining the resistance of 
a round wire of given diameter and length — or 
its opposite, finding a suitable size and length of 
wire to supply a desired amount of resistance — 
can be easily solved with the help of the copper-
wire table in the Miscellaneous Data chapter. 
This table gives the resistance, in ohms per thou-
sand feet, of each standard wire size. 

Example: Suppose a resistance of 3.5 ohms is 
needed and some No. 28 wire is on hand. The 
wire table in the Miscellaneous Data chapter 
shows that No. 28 has a resistance of 66.17 ohms 
per thousand feet. Since the desired resistance is 
3.5 ohms, the length of wire required will be 

3.5 
X 1000 = 52.89 feet. 

66.17 

Or, suppose that the resistance of the wire in 
the circuit must not exceed 0.05 ohm and that 
the length of wire required for making the con-
nections totals 14 feet. Then 

14 
X = 0.05 ohm 

1000 

here It is the maximum allowable resistance in 
ohms per thousand feet. Rearranging the for 
mula gives 

0.05 X 1000 
R  ohms/1000 ft. 

14 

Reference to the wire table shows that No. 15 it. 
the smallest size having a resistance less than 
this value. 

When the wire is not copper, the resistance 
values given in the wire table should be multi-
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Types of resistors used in radio equip-
ment. Those in the foreground with 
wire leads are carbon types, ranging 
in size from !.; watt at the left to 2 
watts at the right. The larger re-i-r.,N 
use resistance wire wound on eeramic 
tubes; sizes shown range from 5 watts 
to 100 watts. Three are the adjustable 
type, using a sliding contact on an 
exposed section of the resistance 
winding. 

• 

plied by the ratios given in Table 2-1 to obtain 
the resistance. 

Example: If the wire in the first example were 
iron instead of copper the length required for 
3.5 ohms would be 

3.5 
6h17X 1000 = 9.35 feet. 

Temperature Effects 

The resistance of a oniduetor changes mith 
its temperature. Although it is seldom necessary 
to consider temperature in making resistance 
calculations for amateur work, it is well to know 
that the resistance of practically all metallic 
conductors increases with increasing tempera-
ture. Carbon, however, acts in the opposite way; 
its resistance decreases when its temperature rises. 
The temperature effect is important when it is 
necessary to maintain a constant resistance under 
all conditions. Special materials that have little 
or no change in resistance over a wide tempera-
ture range are used in that case. 

Resistors 

A "package" of resistance made up into a 
single unit is called a resistor. Resistors having 
the same resistance value may be considerably 
different in size and construction. The flow of 
current through resistance causes the conductor 
to become heated; the higher the resistance and 
the larger the current, the greater the amount of 
heat developed. Resistors intended for carrying 
large currents must be physically large so the heat 
can be radiated quickly to the surrounding air. 
If the resistor does not get rid of the heat quickly 
it may reach a temperature that will cause it to 
melt or burn. 

Skin Effect 

The tesistance of a conductor is not the same 
for alternating current as it is for direct current. 
When the current is alternating there are internal 
effects that tend to force the current to flow 
mostly in the outer parts of the conductor. This 
decreases the effective cross-sectional area of the 
conductor, with the result that the resistance 
increases. 

For low au lit irequenctes the increase in re-
sistanee is unimportant, but at radio frequencies 
this skin effect is so great that practkally all the 
current flow is confined within a few thousand( Its 
of an inch of the conductor surface. The r.f. 
resistance is consequently many ti pies the d.e. 
resistance, and increases with inereasipg fre-
quency. In the r.f, range a conductm. of thin 
tubing will have just as low resistance as a solid 
etaiductor of the sanie diameter, becaltse material 
not close to the surface carries practically no 
current. 

Conductance 

The reciprocal of resistance ( that is, 1.'h') is 
called conductance. It is usually represented by 
t he symbol G. A circuit having large mialuctance 
has l;nv resistance, and vice versa. In radio work 
the term is used chiefly in connection with 
vacuum-tube characteristics. The unit of con-
ductance is the mho. A resistance of one ohm has 
a conductance of one mho, a resistance of 1000 
ohms has a conductance of 0.001 mho, and so on. 
A unit frequent ly used in connection wit h vacuum 
tubes is the micromho, or one-millionth of a mho. 
It is the conductance of a resistance of one 
megohm. 

• OHM'S LAW 
The simplest form of electric circuit is a bat-

tery with a resistance connected to its terminals, 
as shown by the symbols in Fig. 2-3. A complete 
circuit must have an unbroken path so curt ent 

Fig. 2-3 — A simple cir-
cuit consisting of a bat-
tery anti re-i•dor. 

Bail. 

can flow out of the battery, through the apparatus 
connected to it, and back into the battery. The 
circuit is broken, or open, if a connection is re-
moved at any point. A switch is a device for 
making and breaking connections and thereby 
closing or opening the circuit, either allowing 
current to flaw ar preventing it from flowing. 
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TABLE 2-II 
Conversion Factors for Fractional and 

Multiple Units 

To change from To Divide by Multiply by 

Units Micro-units 1,000,000 
Milli-units 1000 
Kilo-units 1000 
Mega-units 1,000,000 

Micro-units Milli-units 1000 
Units 1,000,000 

Milli-units Micro-units 1000 
Units 1000 

Kilo-units Units 1000 
Mega-units 1000 

Nlega-units Units 1.000.000 
Kilo-units 11100 

The values of current, voltage and resistanee 
in a eircuit are by no means independent of each 
other. The relationship between them is known 
as Ohm's Law. It can be stated as follows: The 
current flowing in a circuit is directly propor-
tional to the applied e.m.f. I inversely propor-
tional to the resistance. Expressed as an equa-
tion, it is 

E (volts)  
I (amperes) — 

R (ohms) 

The equation above gives the value of current 
when the voltage and resistance are known. 
It may be transposed so that each of the three 
quantities may be found when the other two are 
known: 

E = IR 

(that is, the voltage acting is equal to the cur-
rent in amperes multiplied by the resistance in 
ohms) and 

R =— 
1E 

(or, the resistance of the circuit is equal to the 
applied voltage divided by the current). 

All three forms of the equation are used almost 
constantly in radio work. It must be remembered 
that the quantities are in volts, ohms and amperes; 
other units cannot be used in the equations 
without first being converted. For example, if the 
current is in milliampe:es it must be changed to 
the equivalent fraction of an ampere before the 
value can be substituted in the equations. 
Table 2-II shows how to convert between the 

various units in common use. The prefixes at-
tached to the basic-unit name indicate the nature 
of the unit. These prefixes are: 

micro — one-millionth (abbreviated µ) 
milli — one-thousandth (abbreviated m) 
kilo — one thousand (abbreviated k) 

mega — one million (abbreviated M) 

For example, one microvolt is one-millionth of 
a volt, and one megohm is 1,000,000 ohms. There 
are therefore 1,000,000 microvolts in one volt, 
and 0.000001 megohm in one ohm. 

• 

The following examples illustrate the use of 
Ohm's Law: 
The current flowing in a resistance of 20,000 

ohms is 150 milliamperc.s. What is the voltage? 
Since the voltage is to be found, the equation to 
lase is E = IR. The current must first be con-
verted from milliamperes to amperes, and refer-
ence to the table shows that to do so it is neces-
sary to divide by 1000. Therefore, 

E = —150 X 20,000 = 3000 volts 
1000 

When a voltage of 150 is applied to a circuit 
the current is measured at 2.5 amperes. What is 
the resistance of the circuit? In this case It is the 
unknown, so 

E 150 
R = — = • — = 60 ohms 

/ 2.5 

No conversion was necessary because the volt-
age and current were given in volts and amperes. 

Flow much current will flow if 250 volts is ap-
plied to a 500Mohm resistor? Since I is unknown 

E 2511 
= • - = 0.05 ampere 

R 

Nlilliampere aunit Il be more convenient for 
the current, and amp. X 1000 = 50 mil-
liamperes. 

SERIES AND PARALLEL 
RESISTANCES 

Very few actual electric circuits are as simple 
as the illust rat ion in the preceding section. Com-
monly, resistances are found connected in a 

set 

Fig. 2.4 — Resis-
tors connected in 
series and in par-
allel. 

Source of PA RALLE'. 

variety of ways. The two fundamental methods 
of connecting resistances are shown in Fig. 2-4. 
In the upper drawing, the current flows from the 
source of e.m.f. ( in the direction shown by the 
arrow, let us say) down through the first re-
sistance, Rt, then through the second, R2, and 
then back to the source. These resistors are con-
nected in series. The current everywhere in the 
circuit has the same value. 

In the lower drawing the current flows to the 
common connection point at the top of the two 
resistors and then divides, one part of it flowing 
through R1 and the other through R2. At the 
lower connection point these two currents again 
combine; the total is the same as the current 
that flowed into the upper common connection. 
In this case the two resistors are connected in 
parallel. 
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Resistors in Series 

When a circuit has a number of resistances 
connected in series, the total resistance of the 
circuit is the sum of the individual resistances. 
If these are numbered RI, R2, R3, etc., then 

R (total) = R ± R2 ± R3 + R4 . . . . 
where the dots indicate that as many resistors as 
necessary may be added. 

Example: Suppose that three resistors are 
connected to a source of e.m.f. as shown in Fig. 
2-5. The e.m.f. is 250 volts, Ri is 5000 ohms, 
112 is 20,000 ohms, and Rs is 8000 ohms. The 
total resistance is then 

R = + 112 + R3 = 5000 + 20,000 + S000 
= :33,000 ohms 

The current flowing in the circuit is then 

E 250  
/ = — =  — 0.00757 amp. = 7.57 ma. 

It 33,000 

(We need not carry calculations beyond three 
significant figures, and often two will suffice 
because the accuracy of measurements is seldom 
better than a few per cent.) 

Voltage Drop 

Ohm's Law applies to any part of a circuit as 
well as to the whole circuit. Although the cur-
rent is the same in all three of the resistances 
in the example, the total voltage divides among 
them. The v:dtage appearing across each resistor 
(the voltage drop) can be found from Ohm's Law. 

Example: If the voltage across RI (Fig. '2-5) 
is called lei, that aeross /12 is called E2, and that 
across Rs is 'ailed Ea, then 

Ei = liFt= 0.00757 X 5000 = 37.9 volts 
E2 1112 = 0.00757 X 20,000 = 151.4 volts 
Ea = Ilta = 0.00757 X 8000 = 60.6 volts 

The applied voltage must equal the suns of the 
individual voltage drops: 

E = Et + E2 E3 = 37.9 + 151.4 60.6 
= 249.9 volts 

The answer would have been more nearly exact 
if the current liad been calculated to more deci-
mal places, but as explained above a very high 
order of accuracy is not necessary. 

In problems such as this considerable time and 
trouble can be saved, when the current is small 
enough to be expressed in milliamperes, if the 

R1 

:E.2.501L ' 
R2 

80,Ceo 

Fig. 2-5— An example 
of resistors in series. The 
solution of the circuit is 
worked out in the text. 

R3 

resistance is expressed in kilohms rather than 
ohms. When resistance in kilohms is substituted 
directly in Ohm's Law the current will be in 
milliamperes if the e.m.f. is in volts. 

Resistors in Parallel 

In a circuit with resistances in parallel, the 
total resistance is less than that of the lowest 
value of resistance present. This is because the 

total current is always greater than the current 
in any individual resistor. The formula for finding 
the total resistance of resistances in parallel is 

1 

1 1 1 1 
— — — —   
R R2 R3 R4 

where the dots again indicate that any number 
of t esistors can be combined by the same method. 
For only two resistances in parallel (a very com-
mon case) the formula is 

R1R2  
R 

R1+ R2 

Example: If a 500-ohm resistor is paralleled 
with one of 1200 ohms, the total resistance is 

—  Ri R2 500 X 1200 _ 600,600  

111+ /12 500 + 1200 1700 

= 353 ohms 

11 is probably easier to solve practical prob-
lems by a different method than the "reciprocal 
of reciprocals" formula. Suppose the three re-

Fig. 2.6— % n example of resistors in parallel. The solu-
tion is workc,1 out in the text. 

si -tot's of the previous example are connected in 
parallel as shown in Fig. 2-6. The same e.m.f., 
250 volts, is applied to all three of the resisters. 
The current in each can be found from Ohm's 
Law as shown below, II being the current 
through 1?i, 12 the current through R2 and /3 the 
current through R3. 

For convenience, the resistance will he expressed 
in kiioilnis so the current will be in milliamperes. 

E 250 
=- — = 50 ma. 

Ri 5 

E 250 
h = - = 12.5 ma. 

112 20 

E 250 13 = = — = 31.25 ma. 
Rs 8 

The total current is 

/ = Ii + /2 + /3 = 50 -I- 12.5 31.25 
= 93.75 ma. 

The total resistance of the circuit is therefore 

E 250  It = — — 2.66 kilohms ( = 2660ohms) 
/ 93.75 

Resistors in Series-Parallel 

An actual circuit may have resistances both in 
parallel and in series. To illustrate, we use the 
sanie three resistances again, but now connected 
as in Fig. 2-7. The method of solving such .a 
circuit such as Fig. 2-7 is as follows: Consider 
R2 and R3 in parallel as though they formed a 
single resistor. Find their equivalent resistance. 
Then this resistance in series with R1 forms a 
simple series circuit, as shown at the right in 
Fig. 2-7. 
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E•2500 R 
20,000 

:E. 220V. 

Req. 

(Eqwvalent R 
of R2 and R3 
In parallel) 

EQUIVALENT CI RCU IT 

Fig. 2-7 — An example of resistors in series-parallel. The 
solution is worked out in the text. 

Example: The first step is to find the equiva-
lent resistance of R2 and R3. From the formula 
for two resistances in parallel. 

%Rs 20 X 8 160 

R2 ± R3 20+8 28 
= 5.71 kilohms 

The total resistance in the circuit is then 

R Ri + R,. = 5 + 5.71 kilohms 
= 10.71 kilohms 

• 
Power — the rate of doing work — is equal 

to voltage multiplied by current. The unit of 
electrical power, called the watt, is equal to one 
volt multiplied by one ampere. The equation 
for power therefore is 

P = EI 
where P = Power in watts 

E = E.m.f. in volts 
I = Current in amperes 

Common fractional and multiple units for 
power are the milliwatt, one one-thousandth of 
a watt, and the kilowatt, or one thousand watts. 

Example: The plate voltage on a transmitting 
vacuum tube is 2000 volts and the plate current 
is 350 milliamperes. (The current must be 
changed to amperes before substitution in the 
formula, and so is 0.35 amp.) Then 

P = El = 2000 X 0.35 = 700 watts 

By substituting the Ohm's Law equivalents 
for E and /, the following formulas are obtained 
for power: 

The current is 

E 250 
/ = — = — = 23.4 ma. 

It 10.71 

The voltage drops across RI and Reg. are 
= = 23.4 X 5 = 117 volts 

E2 = = 23.4 X 5.71 = 133 volts 

with sufficient accuracy. These total 230 volts, 
thus checking the calculations so far, because 
the sum of the voltage drops must equal the 
applied voltage. Since £2 appears across both 112 
and Rs, 

£2 133 
/2 = — = — = 6.75 ma. 

112 20 

£2 133 
/3 = = 16.6 ma. 

Ra 8 

where Ts = Current through R2 
13 = Current through R3 

The total is 23.35 ma., which checks closely 
enough with 23.4 ma., the current through the 
whole circuit. 

POWER AND ENERGY 

E2 

P 

P I2R 

These formulas are useful in power calculations 

when the resistance and either the current or 
voltage (but not both) are known. 

Example: How much power will be used up 
in a 4000-ohm resistor if the voltage applied to 
it is 200 volts? From the equation 

E2 (20(1)2 40.000 

.T/ 4000 4000 

Or, suppose a current of 20 milliamperes flows 
through a 300-ohm resistor. Then 

P = IR = (0.02)2 X 300 = 0.0004 X 300 

= 0.12 watt 

P = — = — — 10 watts 

Nota that the current was changed from mil-
liamperes to amperes before substitution in the 
formula. 

Electrical power in a resistance is turned 
into heat. The greater the power the more 
rapidly the heat is generated. Resistors for radio 
work are made in many sizes, the smallest being 
rated to "dissipate" (or carry safely) about 34 
watt. The largest resistors used in amateur equip-
ment will dissipate about 100 watts. 

Generalized Definition of Resistance 

Electrical power is not always turned into heat. 
The power used in running a motor, for example, 
is converted to mechanical motion. The power 
supplied to a radio transmitter is largely con-
verted into radio waves. Power applied to a loud-
speaker is changed into sound waves. But in every 
ease of this kind the power is completely "used 
up" — it cannot be recovered. Also, for proper 
operation of the device the power must be sup-
plied at a definite ratio of voltage to current. 
Both these features are characteristics of resist-
ance, so it can be said that any device that dissi-
pates power has a definite value of "resistance." 
This concept of resistance as something that 
absorbs power at a definite voltage/current ratio 
is very useful, since it permits substituting a 
simple resistance for the load or power-consum-
ing part of the device receiving power, often with 
considerable simplification of calculations. Of 
course, every electrical device has some resistance 
of its own in the more narrow sense, so a part of 
the power supplied to it is dissipated in that 
resistance and hence appears as heat even though 
the major part of the power may be converted to 
another form. 

Efficiency 

In devices such as motors and vacuum tubes, 
the object is to obtain power in some other 
form than heat. Therefore power used in heat-
ing is considered to be a loss, because it is not 
the useful power. The efficiency of a device is 
the useful power output (in its converted form) 
divided by the power input to the device. 
In a vacuum-tube transmitter, for example, 
the object is to convert power from a d.c. 
source into a.c. power at some radio frequency. 
The ratio of the r.f. power output to the d.c. 
input is the efficiency of the tube. That is, 

Eff. = 
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where elf. = Efficiency (as a decimal) 

= Power output (watts) 
P1 = Power input (watts) 

Example: If the d.c. input to the tube is 100 
watts and the r.f. power output is 60 watts, the 
efficiency is 

Po 60 
=- -ix) = 0.6 

Efficiency is usually expressed as a percentage; 
that is, it tells what per cent of the input power 
will be available as useful output. The efficiency 
in the above example is 60 per cent. 

Energy 

In residences, the power company's bill is 
for electric energy, not for power. What you 
pay for is the work that electricity does for 
you, not the rate at which that work is done. 

Electrical work is equal to power multiplied by 
time; the common unit is the watt-hour, which 
means that a power of one watt has been used 
for one hour. That is, 

w = PT 
where IV = Energy in watt-hours 

P = Power in watts 
T = Time in hours 

Other energy units are the kilowatt-hour and 
the watt-second. These units should be self-
explanatory. 
Energy units are seldom used in amateur 

practice, but it is obvious that a small amount 
of power used for a long time can eventually 
result in a "power" bill that is just as large as 
though a large amount of power had been 
used for a very short time. 

Capacitance and Condensers 
Suppose two flat metal plates are placed close 

to each other (but not touching) as shown in 
Fig. 2-8. Normally, the plates will be elec-
trically "neutral"; that is, no electrical charge 
will be evident on either plate. 
Now suppose that the plates are connected 

to a battery through a switch, as shown. At the 

Real Plates 

Fig. 2-8 — A 
simple con-
denser. 

instant the switch is closed, electrons will be 
attracted from the upper plate to the positive 
terminal of the battery, and the same number 
will be repelled into the lower plate from the 
negative battery terminal. This electron move-
ment will continue until enough electrons move 
into one plate and out of the other to make the 
e.m.f. between them the same as the e.m.f. of 
the battery. 

If the switch is opened after the plates have 
been charged, the top plate is left with a de-
ficiency of electrons and the bottom plate with 
an excess. In other words, the plates remain 
charged despite the fact that the battery no 
longer is connected. However, if a wire is touched 
between the two plates (short-circuiting them) 
the excess electrons on the bottom plate will flow 
through the wire to the upper plate, thus restor-
ing electrical neutrality to both plates. The 
plates have then been discharged. 
The two plates constitute an electrical capacitor 

or condenser, and from the discussion above it 
should be clear that a condenser possesses the 
property of storing electricity. It should also 
be clear that during the time the electrons are 
moving — that is, while the condenser is being 
charged or discharged — a current is flowing 
in the circuit even though the circuit is "broken" 
by the gap beb% een the condenser plates. How-
ever, the current flows only during the time of 

charge and discharge, and this time is usually 
very short. There can be no continuous flow of 
direct current "through" a condenser. 
The charge or quantity of electricity that 

can be placed on a condenser is proportional to 
the applied voltage and to the capacitance or 
capacity of the condenser. The larger the plate 
area and the smaller the spacing between the 
plates the greater the capacitance. The capaci-
tance also depends upon the kind of insulating 
material between the plates; it is smallest with 
air insulation, but substitution of other insulating 
materials for air may increase the capacitance 
of a condenser many times. The ratio of the 
capacitance of a condenser with some material 
other than air between the plates, to the capaci-
tance of the same condenser with air insulation, is 
called the specific inductive capacity or dielectric 
constant of that particular insulating mate! ia I. 
The material itself is called a dielectric. The 
dielectric constants of a number of materials 

TABLE 2-111 

Dielectric Constants and Breakdown Voltages 

Material 

Air 
Alsimag A196 
Bakelite (paper-base) 
Bakelite (mica-filled) 
(:elluloid 
Cellulose acetate 
Fiber 
Formica 
Glass (window) 7 6-8 
Glass (photographic) 
Glass (Pyrex) 
laucite 
Mica 
Mica (clear India) 
Nlycalex 
Paper 
Polyethylene 
Polystyrene 
Porcelain 
Rubber (hard) 
Steatite (low-loes) 
Wood (dry oak) 2.5-6.8 
• In volts per inil (0.001 inch). 

Dielectric Puncture 
Constant Voltage* 

1.0 
5.7 

3.8-5.5 
5-6 
4-16 
6-8 

19.8-22.8 
240 

650-750 
475-600 

300-1000 
150-180 
450 

200-250 
7.5 

4.2 -1.9 335 
2.5 3 480-500 

4-7..5 
7'. 4 

2.0-2.6 
2.3-2.4 
2.4-2.9 
6.2-7.5 
2-3.5 

600-1500 
250 
.1250 
1000 

500-2500 
40-100 
450 

150-315 
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commonly used as dielectrics in condensers are 
given in Table 2-III. If a sheet of photographic 
glass is substituted for air between the plates of 
a condenser, for example, the capacitance of the 
condenser will be increased 7.5 times. 

Units 

The fundamental unit of capacitance is the 
farad, but this unit is much too large for prac-
tical work. Capacitance is usually measured in 
microfarads (abbreviated eefd.) or micromicro-
farads (Md.). The microfarad is one-millionth 

Fig. 2-9 - A multiple-plate condenser. Alternate plates 
are connected together. 

of a farad, and the micromicrofarad is one-mil-
lionth of a microfarad. Condensers nearly always 
have more than two plates, the alternate plates 
being connected together to form two sets as 
shown in Fig. 2-9. This makes it possible to attain 
a fairly large capacitance in a small space as 
compared with a two-plate condenser, since 
several plates of smaller individual area can be 
stacked to form the equivalent of a single large 
plate of the same total area. Also, all plates, 
except the two on the ends, are exposed to plates 
of the other group on both sides, and so are twice 
as effective in increasing the capacitance. 
The formula for calculating the capacitance 

of a condenser is: 
KA 

C = 0.224 d (n — 1) 

where C = Capacitance in µAdd. 
K Dielectric constant of material be-

tween plates 
A =- Area of one side of one plate in 

square inches 
d = Separation of plate surfaces in inches 
n = Number of plates 

If the plates in one group do tot have the same 
area as the plates in the other, use the area of 
the smiler plates. 

Example: A " variable" condenser has 7 semi-
circular plates on its rotor, the diameter of the 
semicircle being 2 inches. The stator has 6 rec-
tangular plates, with a semicircular cut-out to 
clear the rotor shaft, but otherwise large enough 
to face the entire area of a rotor plate. The diam-
eter of the cut-out is .4 inch. The distance be-
tween the adjacent surfaces of rotor and stator 
plates is 4 inch. The dielectric is air. What is the 
capacitance of the condenser with the plates 
fully meshed? 

In this ease. the " effective" area is the area 
of the rotor plate minus the area of the rut-out 
in the stator plate. The area of either semicircle 
is Irr',/2. where r is the radius. The area of the 
rotor plate is tr/2, or 1.57 square inches ( the 
radius is 1 inch). The area of the cot-out is 
r( '4)2/2 = x/32 = 0.10 square inch, am trct•i-
',lately. The " effective" area is therefore I. - 
0.10 = 1.47 square inches. The capacitance is 
therefore 

KA  C = 0.224 — (n - 1) = 0.224 1 X 1.47 (13 - 1) 
d 0.125 

= 0.224 X 11.76 X 12 = 31.6 add. 

(The answer is only approximate, because of the 
difficulty of accurate measurement, plus a 
"fringing" effeet at the edges of the plates that 
makes the actual capacitance a little higher.) 

The usefulness of a condenser in electrical 
circuits lies in the fact that it can be charged 
with electricity at one time and then discharged 
at a later time. In other words, it is capable of 
storing electrical energy that can be released 
later when it is needed; it is an "electrical 
reservoir." 

Condensers in Radio 

The types of condensers used in radio work 
differ considerably in physical size, construction, 
and capacitance. Some representative types are 
shown in the photograph. In variable condensers 
(almost always constructed with air for the 
dielectric) one set of plates is made movable with 
respect to the other set so that the capacitance 
can be varied. Fixed condensers — that is, having 
fixed capacitance — also can be made with metal 
plates and with air as the dielectric, but usually 

Fixed and variable  lens.ers. The 
bottom rma includes, left to right, a 
high.voltage mica fixed eonglenser. a 
tubular elect rol, tubular flatter, 
t%0 sizes of -postagc--Limp- micas, 
a small ceramic ty pe temperature 
 pensating), an con-
denser %sill' eeramie insulation ( for 
neutralizing in transmitterst. a "but-
t.m- ceramic condenser. old r! ati-
ii-table "padding" t'.... luir- ir, Four 

-izes of ‘ ariable condenser- are 
slum it in the second no.. it to 0-
plate condenser s, itli titi' micrometer 
adjii-tinent is it-ii in transmitters, 

einlenser eneb,sed in the metal 
ease i- .1 hiult-soltage paper type used 
in ismer-supply filters. 
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are constructed from plates of metal foil with a 
thin solid or liquid dielectric sandwiched in be-
tween, so that a relatively large capacitance 
can be secured in a small unit. The solid dielectrics 
commonly used are mica, paper and special 
ceramics. An example of a liquid dielectric is 
mineral oil. The electrolytic condenser uses alumi-
num-foil plates with a semiliquid conducting 
chemical compound between them; the actual 
dielectric is a very thin film of insulating ma-
terial that forms on one set of plates through 
electrochemical action when a d.e. voltage is 
applied to the condenser. The capacitance ob-
tallied with a given plate area in an electrolytic 
yonder ser is very large, compared with condensers 
having other dielectrics, because the film is so 
extremely thin — much less than any thickness 
that is practicable with a solid dielectric. 

Voltage Breakdown 

When a high voltage is applied to the plates 
of a condenser, a considerable force is exerted 
on the electrons and nuclei of the dielectric. 
Because the dielectric is an insulator the elec-
trons do not become detached from atoms the 
way they do in conductors. However, if the 
force is great enough the dielectric will "break 
down"; usually it will puncture and may char 
(if it is solid, and permit current to flow. The 
breakdown voltage depends upon the kind and 
thickness of the dielectric, as shown in Table 
2-III. It is not directly proportional to the 
thickness; that is, doubling the thickness does 
not quite double the breakdown voltage. If the 
dielectric is air or any other gas, breakdown is 
evidenced by a spark or arc between the plates, 
but if the voltage is removed the arc ceases and 
the condenser is ready for use again. Break-
down will occur at a lower voltage between 
pointed or sharp-edged surfaces than between 
rounded and polished surfaces; consequently, 
the breakdown voltage between metal plates of 
given sparing in air can be inereased by buffing 
the edges of the plates. 

Since the dielectric must be thick to with-
stand high voltages, and since the thicker the 
dielectric the smaller the capacitance for a given 
plate area, a high-voltage condenser must have 
more plate area than a low-voltage condenser of 
the same capacitance. High-voltage high-capaci-
tance condensers are physically large. 

• CONDENSERS IN SERIES AND 
PARALLEL 

The ternis "parallel" and --ries" when used 
with reference to condensers have t he same circuit 
meaning as with resistanees. Vhen a number of 
condenseis are connected in parallel, as in Fig. 
2-10, the total capacitance of the group is equal 
to the sum of the individual capacitances, so 

C (total) = Ci + C2 ± C3 + C4 +  

However, if two or more condensers are 
connected in series, as in the second drawing, 

Source of 
EX/. 

Q 

j__, 

C, 1  T Cat .cat 

PARALLEL 

III 
Source of 
CUE 

SERIES 

_L c, 
C2 

c I 

3T  

Fig. 2-10 — Con-
densers in series and 
parallel. 

the total capacitance is less than that of the 
smallest condenser in the group. The rule for 
finding the capacitance of a number of series-
connected condensers is the same as that for 
finding the resistance of a number of parollel-
connected resistors. That is, 

C (total) — 
1 

1 1 1 1 

CI C2 C3 C4 

and, for only two condensers in series, 

C (total) — C1C2 
Co A- C2 

The same units must be used throughout; 
that is, all capacitances must be expressed in 
either gfd. or add.; you cannot use both units 
in the same equation. 

Condensers are connected in parallel to ob-
tain a larger total capacitance than is available 
in one unit. The largest voltage that can be ap-
plied safely to a group of condensers in parallel 
is the voltage that can be applied safely to the 
condenser having the lowest voltage rating. 
When condensers are connected in series, the 

applied voltage is divided up among the vari-
ous condensers; the situation is much the same 
as when resistors are in series and there is a 
voltage drop across each. However, the volt-
age that appears across each condenser of a 
group connected in series is in inverse propor-
tion to its capacitance, as compared with the 
capacitance of the whole group. 

Example: Three condensers having capad-
tances of 1, 2 and 4 ufd., respectively, are con-

1.2000 voltS E2 C2i2)111' 

E3 C3 4pfd. 

Fig. 2-11 — An example of condensers connected in 
series. The solution to this arrangement is worked out 
in the text. 



26 CHAPTER 2 

nected in series as shown in Fig. 2-11. The total 
capacitance is 

1  1  1 4 
C — 

I 1 I 1 1 1 7 

F't + C72 + Fs i+4. 4 

= 0.571 dd. 

The voltage across each condenser is propor-
tional to the total capacitance divided by the ca-
pacitance of the condenser in question, so the 
voltage across C1 is 

Ei 0.571 = — X 2000 = 1142 volts 

Similarly, the voltages across C2 and Ca are 

0.571  
E2 —  X 2000 571 volts 

2 

Es = (-. 5.1—n  X 2000 = 280 volt,' 
4 

totaling approximately 2000 volts, the applied 
voltage. 

Condensers are frequently connected in series 
to enable the group to withstand a larger voltage 
(at the expense of decreased total capacitance) 
than any individual condenser is rated to stand. 
However, as shown by the previous example, the 
applied voltage does not divide equally among 
the condensers (except when all the capacitances 
are the same) so care must be taken to see that 
the voltage rating of no condenser in the group 
is exceeded. 

Inductance 
It is possible to show that the flow of current 

through a conductor is accompanied by magnetic 
effects; a compass needle brought near the con-
ductor, for example, will be deflected from its 
normal north-south position. The current, in 
other words, sets up a magnetic field. 

If a wire conductor is formed into a coil, the 
same current will set up a stronger magnetic 
field than it will if the wire is straight. Also, if 
the wire is wound around an iron or steel core 
the field will be still stronger. The relationship 
between the strength of the field and the intensity 
of the current causing it is expressed by the 
inductance of the conductor or coil. If the same 
current flows through two coils, for example, and 
it is found that the magnetic field set up by one 
coil is twice as strong as that set up by the other, 
the first coil has twice as much inductance as the 
second. Inductance is a property of the conductor 
or coil and is determined by its shape and dimen-
sions. The unit of inductance (corresponding 
to the ohm for resistance and the farad for 
capacitance) is the henry. 

If the current through a conductor or coil is 
made to vary in intensity, it is found that an 
e.m.f. will appear across the terminals of the 

conductor or coil. This e.m.f. is entirely sepa-
rate from the e.m.f. that is causing the current 
to flow. The strength of this induced e.m.f. 
becomes greater, the greater the intensity of 
the magnetic field and the more rapidly the 
current (and hence the field) is made to vary. 
Since the intensity of the magnetic field depends 
upon the inductance, the induced voltage (for a 
given current intensity and rate of variation) is 
proportional to the inductance of the conductor 
or coil. 
The induced e.m.f. (sometimes called back 

e.m.f.) tends to send a current through the 
circuit in the opposite direction to the current 
that flows because of the external e.m.f. so long 
as the latter current is increasing. However, if 
the current caused by the applied e.m.f. decreases, 
the induced e.m.f. tends to send current through 
the circuit in the saine direction as the current 
from the applied e.m.f. The effect of inductance, 
therefore, is to oppose any change in the current 
flowing in the circuit, regardless of the nature of 
the change. It accomplishes this by storing energy 
in its magnetic field when the current in the circuit 
is being increased, and by releasing the stored 
energy when the current is being decreased. 

Inductance coils for power and radio 
frequencies. The two iron-core coils 
at the upper left are "chokes" for 
power-supply filters. The three "pie"-
w mind coils at the lower right arc 
used as chokes in radio-frequency 
circuits. The other coils are for r.f. 
tuned circuits ranging in power front 
25 watts to a kilowatt. 
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The values of inductance used in radio equip-

ment vary over a wide range. Inductance of 
several henrys is required in power-supply 
circuits (see chapter on Power Supplies) and to 
obtain such values of inductance it is necessary 
to use coils of many turns wound on iron cores. 
In radio-frequency circuits, the inductance values 
used will be measured in millihenrys (a millihenry 
is one one-thousandth of a henry) at low fre-
quencies, and in microhenrys (one one-millionth 
of a henry) at medium frequencies and higher. 
Although coils for radio frequencies may be 
wound on special iron cores (ordinary iron is not 
suitable) most r.f. coils made and used by ama-
teurs are the "air-core" type; that is, wound on 
an insulating form consisting of nonmagnetic 
material. 

Inductance Formula 

The inductance of air-core coils may be calcu-
lated from the formula 

L (ph 0.2 a2n2  .) 
3a + 9b + 10c 

where L Inductance in microhenrys 
a = Average diameter of coil in inches 
b = Length of winding in inches 
c = Radial depth of winding in inches 
n = Number of turns 

The notation is explained in Fig. 2-12. The 
quantity 10c may be neglected if the coil only 
has one layer of wire. 

Example: Assume a coil having 35 turns of 
No. 30 d.s.c. wire on a form 1.5 inches in diam-
eter. Consulting the wire table ( Miscellaneous 
Data chapter), 35 turns of No. 30 d.s.c. will 
occupy 0.5 inch. Therefore, a = 1.5, b -= 0.5. 
n = 35, and 

0.2 X ( 1.5)2 X (35)2  
5 ph. 

(3 X 1.5) -I- (9 X 0.5) 

To calculate the number of turns of a single-
layer coil for a required value of inductance: 

\ i3a + 9b  
N — X L 

0.2a 2 

Example: Suppose an inductance of 10 micro-
henrys is required. The form on which the coil is 
to be wound has a diameter of one inch and is 
long enough to accommodate a coil length of 1;té" 
inches. Then a = 1, b -= 1.25, and L = 10. 
Substituting, 

N (3 X 1) + (9 X 1.25)  
X 10 

0.2 X 12 

=,\/  12 10 4.5 X = 0.2 V -712.5 

= 26.6 turns. 

A 27-turn coil would be close enough to the re-
quired value of inductance, in practical work. 

c 6 

Fig. 2-12 — Coil dimensions 
used in the inductance e 
formula. 

Since the coil will be 1.25 inches long, the num-
ber of turns per inch will be 27/1.25 = 21.6. 
Consulting the wire table, we find that No. 18 
enameled wire (or any smaller size) can be used. 
We obtain the proper inductance by winding the 
required number of turns on the form and then 
adjusting the spacing between the turns to make 
a uniformly-spaced coil 1.25 inches long. 

Every conductor has inductance, even though 
the conductor is not formed into a coil. The 
inductance of a short length of straight wire 
is small — but it may not be negligible, because 
if the current through it changes its intensity 
rapidly enough the induced voltage may be 
appreciable. This will be the case in even a few 
inches of wire when an alternating current having 
a frequency of the order of 100 Mc. is flowing. 
However, at much lower frequencies the induc-
tance of the same wire could be left out of any 
calculations because the induced voltage would 
be negligibly small. 

• IRON-CORE COILS 
Permeability 

Suppose that the coil in Fig. 2-13 is wound on 
an iron core having a cross-sectional area of 2 
square inches. When a certain current is sent 
through the coil it is found that there are 80,000 
lines of force in the core. Since the area is 2 

Air 99 

Fig. 2-13 — Typical construc-
tion of an iron-core coil. The 
small air gap prevents magnetic 
saturation of the iron and in-
creases the inductance at high 
currents. 

square inches, the flux density is 40,000 lines per 
square inch. Now suppose that the iron core is 
removed and the same current is maintained in 
the coil, and that the flux density without the 
iron core is found to be 50 lines per square inch. 
The ratio of the flux density with the given core 
material to the flux density ( with the same coil 
and same current) with an air core is called the 
permeability of the material. In this case the 
permeability of the iron is 40,000 50 = 800. 
The inductance of the coil is increased 800 times 
by inserting the iron core, therefore. 
The permeability of a magnetic material varies 

with the flux density. At low flux densities (or 
with an air core) increasing the current through 
the coil will cause a proportionate increase in flux, 
but at very high flux densities, increasing the 
current may cause no appreciable change in the 
flux. When this is so, the iron is said to be satu-
rated. "Saturation" causes a rapid decrease in 
permeability, because it decreases the ratio of 
flux lines to those obtainable with the same cur-
rent and an air core. Obviously, the inductance 
of an iron-core coil is highly dependent upon 
the current flowing in the coil. In an air-core 
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coil, the inductance is independent of current 
because air does not "saturate." 

In amateur work, iron-core coils such as the 
one sketched in Fig. 2-13 are used chiefly in 
power-supply equipment. They usually have 
direct current flowing through the winding, 
and the variation in inductance with current 
is usually undesirable. It may be overcome by 
keeping the flux density below the saturation 
point of the iron. This is done by cutting the 
core so that there is a small "air gap," as indi-
cated by the dashed lines. The magnetic "re-
sistance" introduced by such a gap is so large 
— even though the gap is only a small fraction 
of an inch — compared with that uf the iron 
that the gap, rather than the iron, controls the 
flux density. This naturally reduces the induc-
tance compared to what it would be without 
the air gap — but the inductance is practically 
constant regardless of the value of the current. 

Eddy Currents and Hysteresis 

When alternatng current flows through a 
coil wound on an iron core an e.m.f. will be in-
duced, as previousliy explained, and since iron is a 
conductor a current. will flow in the core. Such 
currents (called eddy currents) represent a waste 
of power because they flow through the resist-
ance of the iron and thus cause heating. Eddy-
current losses can be reduced by laminating 
the core; that is, by cutting it into thin strips. 
These strips or laminations must be insulated 
from each other by painting them with some 
insulating material such as varnish or shellac. 
There is also another type of energy loss in 

an iron core: the iron tends to resist any change 
in its magnetic state, so a rapidly-changing 
current such as a.c. is forced continually to 
supply energy to the iron to overcome this 
"inertia." Losses of this sort are called hysteresis 
losses. 
Eddy-current and hysteresis losses in iron 

increase rapidly as the frequency of the alter-
nating current is increased. For this reason, we 
can use ordinary iron cores only at power and 
audio frequencies — up to, say, 15,000 cycles. 
Even so, a very good grade or iron or steel is 
necessary if the core is to perform well at the 
higher audio frequencies. Iron cores of this 
type are completely useless at radio frequencies. 

For radio-frequency work, the losses in iron 
cores can be reduced to a satisfactory figure by 
grinding the iron into a powder and then mix-
ing it with a "binder" of insulating material 
in such a way that the individual iron particles 
are insulated from each other. By this means 
cores can be made that will function satisfactorily 
even through the v.h.f. range — that is, at fre-
quencies up to perhaps 100 Mc. Because a large 
part of the magnetic path is through a nonmag-
netic material, the permeability of the iron is 
low compared with the values obtained at 
power-supply frequencies. The core is usually 
in the form of a "slug" or cylinder which fits 
inside the insulating form on which the coil is 
wound. Despite the fact that, with this construe-

tion, the major portion of the magnetic path for 
the flux is in the air surrounding the coil, the 
slug is quite effective in increasing the coil 
inductance. By pushing the slug in and out of the 
coil the inductance can be varied over a consider-
able range. 

• INDUCTANCES IN SERIES AND 
PARALLEL 

When two ()) more in(luetionq or induc-
tors, as they are frequently fled) are con-
nected in series (Fig. 2-14, left) the total indue-

Fig. 2-14 — Induc-
tances in series and 

tance is equal to the sum of the individual 
inductances, provided the coils are sufficiently 
separated so that no coil is in the magnetic field of 
another. That is, 

Ltotal = + L2 + L3 + L4 +   

If inductances are connected in parallel (Fig  
2-14, right), the total inductance is 

'total = 
1 -r,  , -r- -r   1 1 , 1 , 

L1 L2 .4,3 4,4 

and for two inductances in parallel, 

LiL2 L = 
± L2 

Thus the rules for combining inductances in 
series and parallel are the saine as for resist-
ances, if the coils are far enough apart so that 
each is unaffected by another's magnetic field. 
When this is not so the formulas given above 
cannot be used. 

• MUTUAL INDUCTANCE 
If two coils are io ranged with their axes on 

the same line, as shown in Fig. 2-15, a current 
sent through Coil 1 will cause a magnetic field 
which "cuts" Coil 2. Consequently, an e.m.f. 
will be induced in Coil 2 whenever the field 
strength is changing. This induced e.m.f. is 
similar to the e.m.f. of self-induction, but since 
it appears in the second coil because of current 
flowing in the first, it is a " mutual" effect and 
results from the mutual inductance between 
the two coils. 

If all the flux set up by one coil cuts all the turns 
of the other coil the mutual inductance has its 
maximum possible value. If only a small part 
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Fig. 2-15 Mutual inductance. When the switch, S, 
is closed cm .rent flows through coil No. I, setting up a 
magnetic (ill that induces an e.m.f. in the turns of coil 
No. 2. 

of the flux set up by one coil cuts the turns of 
the other the mutual inductance is relatively 
small. Two coils having mutual inductance are 
said to be coupled. 

The ratio of actual mutual inductance to the 
maximum possible value that could theoretically 
be obtained with two given coils is called the 
coefficient of coupling between the coils. Coils 
that have nearly the maximum possible mutual 
inductance are said to be closely, or tightly, 
coupled, but if the mutual inductance is rela-
tively small the coils are said to be loosely 
coupled. The degree of coupling depends upon 
the physical spacing between the coils and how 
they are placed with respect to each other. 
Maximum coupling exists when they have a 
common axis and are as close together as possible 
(one wound over the other). The coupling is least 
when the coils are far apart or are placed so their 
axes are at right angles. 
The maximum possible coefficient of cou-

pling is closely approached only when the two 
coils are wound on a closed iron core. The co-
efficient with air-core coils may run as high as 
0.6 or 0.7 if one coil is wound over the other, 
but will be much less if the two coils are separated. 

Time Constant 
Capacitance and Resistance 

In Fig. 2-16A a battery having an e.m.f., 
E, a switch, S, a resistor, R, and condenser, C, 
are cininected in series. Suppose for the moment 
that R is short-circuited and that there is no 
other resistance in the circuit. If S is now closed, 
condenser C will charge in shindy to the battery 
voltage; that is, the electrons that constitute 
the charge redistribute themselves in a time 
interval su small that it can be considered to 
be zero. For just this instant, therefore, a very 
large current flows in the circuit, because all the 
electricity needed to charge the condenser has 
moved from the battery to the condenser at an 
extremely high rate. 
When the resistance R is put into the circuit 

the condenser no longer can be charged instan-
taneously. If the battery e.m.f. is 100 volts, 
for example, and II is 10 ohms, the maximum cur-
rent that can flow is 10 amperes, and even this 
much can flow only at the instant the switch is 
closed. But as soon as any current flows, con-
denser C begins to acquire a charge, which means 
that the voltage between the condenser plates 
rises. Since the upper plate (in Fig. 2-16A) will be 
positive and the lower negative, the voltage on 
the condenser tries to send a current through the 
circuit in the opposite direction to the current 
from the battery. Immediately after the switch 
is closed, therefore, the current drops below its 

C7 

(A) (B) 

Fig. 2-16 — Schematic, illustrating the time constant of 
an RC circuit. 

initial Ohm's Law value, and as the condenser 
continues to acquire charge and its potential or 
e.m.f. rises, the current becomes smaller and 
smaller. 
The length of time required to complete the 

charging process depends upon the capacitance 
of the condenser and the resistance in the cir-
cuit. Theoretically, the charging process is never 
really finished, but event ually the current drops 
to a value that is smaller than anything that can 
be measured. The time constant of such a circuit 
is the length of time, in seconds, required for 
the voltage across the condenser to reach 63 
per cent of the applied e.m.f. (this figure is 
chosen for mathematical reasons). The voltage 
across the condenser rises logarithmically, as 
shom n by Fig. 2-17. 

The formula for time constant is 

T = CI? 

where T = Time constant in seconds 
C = C'apacitance in farads 
R = Resistance in ohms 

If C is in microfarads and R in megohms, the 
time constant also is in seconds. These units 
usually are more convenient. 

Example: The time constant of a 2-afd. con-
denser and a 250,000-ohm resistor is 

T = CR = 2 X 0.25 = 0.5 second 

If the applied e.in.f. is 1000 volts, the voltage 
across the condenser plates will be 630 volts at 
the end of !,¡ second. 

If a charged condenser is discharged through 
a resistor, as indicated in Fig. 2-16B, the same 
time constant applies. If there were no resistance, 
the condenser would discharge instantly when 
S was closed. However, since R limits the current 
flow the condenser voltage cannot instantly go 
to zero, but it %% ill decrease just as rapidly as 
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rig. 2-17 — How the voltage across a condenser ises, 
ith  • when a condenser is charged through a re-

-i-bir. The lower curve shows the way in which the 
soltace decreases across the condenser terminals on 
di-.1iarging through the same resistor. 

the condenser can rid itself of its charge through 
R. When the condenser is discharging through a 
resistance, the time constant (calculated in the 
same way as above) is the time, in seconds, that 
it takes for the condenser to lose 63 per cent of its 
voltage; that is, for the voltage to drop to 37 
per cent of its initial value. 

Example: If the condenser of the example 
above is charged to 1000 volts, it will di,charge 
to 370 volts in h second through the 2.-,0,000-
ohm resistor. 

Inductance and Resistance 

A comparable situation exists O lien resist-
ance and inductance am in series. In Fig. 2-18, 
first consider L to have no resistance and also 
assume that R is zero. Then closing S would tend 
to send a current through the circuit. However, 
the instantaneous transition from no current 
to a finite value, however small, represents a very 
rapid change in current, and a back e.m.f. is 
developed by the self-inductance of L that is 
practically equal and opposite to the applied 
e.m.f. The result is that the initial current is very 
small. 
The back e.m.f. depends upon the change 

in current and would cease to offer opposition 
if the current did not continue to increase. With 
no resistance in the circuit (which would lead 
to an infinitely-large current, by Ohm's Law) 
the current would increase forever, always 
growing just fast enough to keep the e.m.f. 
of .self-induction equal to the applied e.m.f. 
When resistance is in series, Ohm's Law sets 

a limit to the value that the current can reach. 
In such a circuit the current is small at first, 
just as in the case without resistance. But as 

the current increases the voltage drop across R 
becomes larger. The back e.m.f. generated in L 
has only to equal the difference between E and 
the drop across R, because that difference is 
the voltage actually applied to L. This difference 
becomes smaller as the current approaches the 
final Ohm's Law value. Theoretically, the back 
e.m.f. never quite disappears (that is, the current 
never quite reaches the Ohm's Law value) 
but practically it becomes un measurable after 
a time. The difference between the actual cur-
rent and the Ohm's Law value also becomes 
undetectable. The time constant of an inductive 
circuit is the time in seconds required for the 
current to reach 63 per cent of its final value. The 
formula is 

T — 
R 

where T = Time constant in seconds 
L = Inductance in henrys 
R = Resistance in ohms 

The resistance of the wire in a coil acts as 
though it were in series with the inductance. 

Example: A coil having an inductance of 20 
henrys and a resistance of 100 ohms has a time 
constant of 

T = 1, = 20 — — = 0.2 second 
le 100 

• 
if there is no other resistance in the circuit. If a 
d.c. e.m.f. of 10 volts is applied to such a coil, 
the final current, by Ohm's Law, is 

E lo 
I = — = = 0.1 amp. or 100 ma. 

R 100 

The current would rise from zero to 63 milliam-
peres in 0.2 second after closing the switch. 

An inductor cannot be discharged in the 
same way as a condenser, because the mag-
netic field disappears as soon as current flow 
ceases. Opening S does not leave the inductor 
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Fig. 2-18 — Time constant of an LR circuit. 

"charged." The energy stored in the magnetic 
field instantly returns to the circuit when S 
is opened. The rapid disappearance of the 
field causes a very large voltage to be induced 
in the coil — ordinarily many times larger than 
the voltage applied, because the induced voltage 
is proportional to the speed with which the field 
changes. The common result of opening the 
switch in a circuit such as the one shown is that 
a spark or arc forms at the switch contacts at the 
instant of opening. If the inductance is large and 
the current in the circuit is high, a great deal of 
energy is released in a very short period of time. 



ELECTRICAL LAWS AND CIRCUITS 31 
It is not at all unusual for the switch contacts to 
burn or melt under such circumstances. 
Time constants play an important part in 

numerous devices, such as electronic keys, timing 

and control circuits, and shaping of keying charac-
teristics by vacuum tubes. The time constants of 
circuits are also important in such applications 
as automatic gain control and noise limiters. 

Alternating Currents 

• PHASE 
The term phase essentially means "time," or 

the time interval between the instant when one 
thing occurs and the instant when a second re-
lated thing takes place. When a baseball pitcher 
throws the ball to the catcher there is a definite 
interval, represented by the time of flight of the 
ball, between the act of throwing and the act 
of catching. The throwing and catching are "out 
of phase" because they do not occur at exactly 
the same time. 

L.0 

e j 

I Cycle 

Lice._ 
Fig. 2.19 — An a.c. cycle is divided off into 360 degrees 
that are used as a measure of time or phase. 

Simply saying that two events are out of phase 
does not tell us u hich one occurred first. To give 
this information, the later event is said to lag the 
earlier, while the one that occurs first is said to 
lead. Thus, throwing the ball "leads" the catch, 
or the catch "lags" the throw. 

In a.c. circuits the current amplitude changes 
continuously, so the concept of phase or time 
becomes important. Phase can be measured in 
the ordinary time units, such as the second, but 
there is a more convenient method: Since each 
a.c. cycle occupies exactly the same amount of 
time as every other cycle of the same frequency, 
we can use the cycle itself as the time unit. Using 
the cycle as the time unit makes the specification 
or measurement of phase independent of the fre-
quency of the current, so long as only one fre-
quency is under consideration at a time. If there 
are two or more frequencies, the measurement 
of phase has to be modified just as the measure-
ments of two lengths must be reconciled if one 
is given in feet and the other in meters. 
The time interval or "phase difference" under 

consideration usually will be less than one cycle. 
Phase difference could be measured in decimal 
parts of a cycle, but it is more convenient to di-
vide the cycle into 360 parts or degrees. A phase 
degree is therefore 1/360 of a cycle. The reason for 
this choice is that with sine-wave alternating 
current the value of the current at any instant is 
proportional to the sine of the angle that corre-
sponds to the number of degrees — that is, length 

80* 70' 

360. 

of time — from the instant the cycle began. 
There is no actual "angle" associated with an 
alternating current. Fig. 2-19 should help make 
this method of measurement clear. 

Measuring Phase 

To compare the phase of two currents of the 
same frequency, we measure between correspond-
ing parts of cycles of the two currents. This is 
shown in Fig. 2-20. The current labeled A leads 
the one marked B by 45 degrees, since A's cycles 
begin 45 degrees sooner in time. It is equally cor-
rect to say that B lags A by 45 degrees. 
Two important special cases are shown in 

Fig. 2-21. In the upper drawing B lags 90 de-
grees behind A; that is, its cycle begins just one-
quarter cycle later than that of A. When one wave 
is passing through zero, the other is just at its 
maximum point. 

In the lower drawing A and B are 180 degrees 
out of phase. In this case it does not matter 
which one is to lead or lag. B is always positive 
while A is negative, and vice versa. The two 
waves are thus completely out of phase. 
The waves shown in Figs. 2-20 and 2-21 could 

represent current, voltage, or both. A and B 
might be two currents in separate circuits, or A 
might represent voltage while B represented 
current ill the same circuit. If .4 and B represent 
two currents in the sanie circuit (or two voltages 
in the same circuit) the total or resultant current 
(or voltage) also is a sine wave, because adding 
any number of sine waves of the same frequency 
always gives a sine wave also of the same fre-
quency. 

Phase in Resistive Circuits 

When an alternating voltage is applied to a 
resistance, the current flows exactly in step with 
the voltage. In other words, the voltage and cur-
rent are in phase. This is true at any frequency 
if the resistance is "pure" — that is, is free from 
the reactive effects discussed in the next section. 
Practically, it is often difficult to obtain a purely 

Fig. 2-20 — When two waves of the same frequency 
start their cycles at slightly different times, the time 
difference or phase difference is measured in degrees. In 
this drawing wave It starts 45 degrees (one-eighth 
cycle) later than wave A, and so lags 45 degrees behind A. 
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180' 
Cycle) 

Fig. 2-2/ — Two important special ra.,•. of phase dif-
ference. In the upper drawing, the phase difference be-
tween A and It is 90 degrees; in the lower drawing the 
phase difference is 180 degrees. 

resistive circuit at radio frequencies, because the 
reactive effects become more pronounced as the 
frequency is increased. 

In a purely resistive circuit, or for purely re-
sistive parts of circuits, Ohm's Law is just as 
valid for a.c. of any frequency as it is for d.c. 

• REACTANCE 
Alternating Current in Condensers 

suppo,,, -ice-wave a.c. VIltage is applied 
to a comliwsef in a circuit containing no tesist-
alive, as indicated in Fig. 2-22. In the period 0.4, 
the applied voltage increases from zero to 38 
volts; at the end of this Period the condenser is 
charged to that voltage. In interval A B the volt-
age increases t o 71 volts: that is, 3.S volts ad-
ditional. In this interval a safflikr quantity 
of charge has been e Il hi It hail in 0.1, becaus:e 
the voltage rise during interval AB is smaller. 
Consequently the average current ( luring A B 
is smaller than during 0.1. In the third in-
terval, BC, the voltage rises from 71 to 92 
volts, an increase of 21 volts. This is less than 
the voltage increase ditritig . 1 B, so the quan-
tity of electricity added is less :in other words, 
the average current (luring interval BC is still 
smaller. In the fourth interval, CD, the volt-
age increases only 8 volts: the charge added 
is smaller than in any preceding interval and 
therefore the current also is smaller. 
Thus as the instantaneous value of the ap-

plied voltage increases the current decreases. 
By dividing the first quarter cycle into a very 

large number of intervals it could be shown that 
the ..urrent charging the condenser has the shape 
of a sine wave, just as the applied voltage does. 
The current is largest at the beginning of the 
cycle and becomes zero at the maximum value 
of the voltage (the condenser cannot be charged 
to a higher voltage than the maximum applied, 
so no further current can flow) so there is a phase 
difference of 90 degrees between the voltage and 
current. During the first quarter cycle of the 
applied voltage the current is flowing in the not-

mal way through the circuit, since the condenser 
is being charged. Hence the current is positive 
during this first quarter cycle, as indicated by the 
dashed line in Fig. 2-22. 

In the second quarter cycle — that is, in the 
time from L) to H, the voltage applied to the con-
denser decreases. During this time the condenser 
loses the charge it acquired during the first quar-
ter cycle. Applying the same reasoning, it is plain 
that the current is small in interval DE and con-
tinues to increase during each succeeding interval. 
However, the current is flowing aguinst the ap-
plied voltage because the condenser is discharging 
into the circuit. Hence the current is negative dur-
ing this quarter cycle. 
The third and fourth quarter cycles repeat 

the events of the first and second, respectively, 
with this difference — the polarity of the applied 
voltage has reversed, and the current changes 
to correspond. In other words, an alternating 
current flows • Afough" a condenser when an a.c. 
&dine is am.lied to il. (Actually, current never 
flows "through" a condenser. It flows in the asso-
ciated circuit because of the alternate charging 
and discharging of the capacitanee.) As shown 
by Fig. 2-22, the current. starts its cycle 90 de-
grees before the voltage, so the current in a con-
denser lends the applied vultage by 90 degrees. 

Capacitive Reactance 

The amount of charge that is alternately stored 
in and released from the etaidenser is proportional 
to the applied v(,:tage and the capacitance. Con-
sequently, the run ent in the circuit will be pro-
portional to both these quantities, since current 
is simply the rate at which charge is moved. The 
current also will be proportional to the frequency 

Current 

Vo/taoe 

s' # 
%%./ 

Fig. 2-22 — Voltage and ci rrent phase relationships when an 
alternating voltage is applied to a condenser. 

of the a.c. voltage, because the same charge is 
being moved back and forth at a rate that is 
proportional to the number of cycles per second. 
The fact that the current is proportional to the 

applied voltage is important, because it is the 
same thing that Ohm's Law says about current 
flow in a resistive circuit. That being the (use, 
there must be something in the condenser that 
corresponds in a general way to resistance — 
something that tends to limit the current that can 
flow when a given voltage is applied. The "some-
thing" clearly must include the effect of capaci-
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tance and frequency, since these also afft.t•t the 
amount of current that flows. It is called re-
actance, and its relationship to capacitance and 
frequency is given by the formula 

Xc = 1 
2rfe 

where Xe = Condenser reactance in ohms 
f = Frequency in cycles per second 
C = Capacitance in farads 
7r = 3.14 

Reactance and resistance are not the saine 
thing, but because they have a similar current-
limiting effect the saine unit, the ohm, is used for 
both. Unlike resistance, reactance does not con-
sume or dissipate power. The energy stored in the 
condenser in one quarter of the cycle is simply re-
turned to the circuit in the next. 
The fundamental units (cycles per second, 

farads) are too large for practical use in radio 
circuits. However, if the capacitance is in micro-
farads and the frequency is in megacycles, the 
reactance will corne out in ohms in the formula. 

Example: The reactance of a condenser of 470 
aufd. (0.00047 dd.) at a frequency of 7150 lie. 
(7.15 Mc.) is 

1 
X =   — 47.4 ohms 

2,rje 6.28 X 7.15 x 0.00017 

Inductive Reactance 

When an alternating voltage is applied to a 
circuit containing only inductance, with no re-
sistance, the current always changes just rapidly 
enough to induce a back e.m.f. that equals 
and opposes the applied voltage. In Fig. 
2-23, the cycle is again divided off into 
equal intervals. Assuming that the current 
has a maximum value of 1 ampere, t he in-
stantaneous current at the end of each in-
terval will be as shown. The value of the 
induced voltage is proportional to the rate 
at which the current changes. It is therefore 
greatest in the intervals 0.4 and GH and 
least in the interv:ds (' D and DE. The in-
duced voltage act tt:dly is a sine wave ( if the 
current is a in wave. iN shown by the 
dashed curve. The upi.lie (1 voltage, because 
it is always equal to and opposed by the 
induced voltage, is t'quai to and 180 degrees 
out of phase ajilt the induced voltage, as 
shown by the second dashed curve. The 
result, therefore, is that the current flowing 
in an inductance is 90 degrees out of phase 
with the applied voltage, and lags behind 
the applied voltage. This is just the opposite of 
the condenser case. 

Since the value of the induced e.m.f. is propor-
tional to the rate at which the current changes, 
a small current changing rapidly (that is, at a 
high frequency) can generate a large back e.m.f. 
in a given inductance just as well as a large cur-
rent changing slowly (low frequency). Conse-
quently, the current that flows through a given 
inductance will decrease as the frequency is 
raised, if the applied e.m.f. is held constant. Also, 

when the applied voltage and frequency are fixed, 
the value of current required becomes less as the 
inductance is made larger, because the induced 
e.m.f. also is proportional to inductance. 
When the frequency and inductance are con-

stant but the applied e.m.f. is varied, the neces-
sary rate of current change (to induce the proper 
back e.m.f.) can be obtained only if the ampli-
tude of the current is directly proportional to the 
voltage. This is Ohm's Law again, and again the 
current-limiting effect is similar to, but not 
identical with, the effect of resistance. It is called 
inductive reactance and, like capacitive reactance, 
is measured in ohms. There is no energy loss in 
inductive reactance; the energy is stored in the 
magnetic field in one quarter cycle and then 
returned to the circuit in the next. 
The formula for inductive reactance is 

XL = 2rf L 

where XL = Inductive reactance in ohms 
f = Frequency in cycles per second 
L = Inductance in henrys 
ir = 3.14 

Example: The reactance of a coil having an 
inductance of 8 henrys, at a frequency of 120 
cycles, is 

XL = = 8.28 x 120 x 8 = 6029 ohms 

In radio-frequency circuits the inductance 
values usually are small and the frequencies are 
large. If the inductance is expressed in milli-
henrys and the frequency in kilocycles, the con-
version factors for the two units cancel, and the 
formula for reactance may be used without first 

A
M
P
L
I
T
U
D
E
 

,eppbed 
vo/tale 

V \ 

'rent% I 

ti 

I / \ 
Induced 
vetaee 

Fig. 2.23— Phase relationships between voltage and current 
when an alternating voltage is applied to an inductance. 

converting to fundamental units. Similarly, no 
conversion is necessary if the inductance is in 
microhenrys and the frequency is in megacycles. 

Example: The reactance of a 15-microhenry 
coil at a frequency of 14 Mc. is 

XL = 2.1L = 6.28 X 14 X 15 = 1319 ohms 

The resistance of the wire of which the coil is 
wound has no effect on the reactance, but simply 
acts as though it were a separate resistor con-
nected in stries with the coil. 
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Ohm's Law for Reactance 

Ohm's Law for an a.c. circuit containing only 
reactance is 

where E = E.m.f. in volts 
I = Current in amperes 
X = Reactance in ohms 

The reactance may be either inductive 
capacitive. 

Example: If a current of 2 amperes is flowing 
through the condenser of the previous example 
(reactance = 47.4 ohms) at 7150 kc., the volt-
age drop across the condenser is 

E = IX = 2 X 47.4 = 94.8 volts 

If 400 volts at 120 cycles is applied to the 8-
henry inductance of the previous example, the 
current through the coil will be 

E 400 
I — = — = 0.0663 amp. (66.3 ma.) 

X 6029 

or 

When the circuit consists of an inductance in 
series with a capacitance, the same current flows 
through both reactances. However, the voltage 
across the coil leads the current by 90 degrees, 
and the voltage across the condenser lags behind 
the current by 90 degrees. The coil and condenser 
voltages therefore are 180 degrees out of phase. 
A simple circuit of this type is shown in Fig. 

2-24. The same figure also shows the current 
(heavy line) and the voltage drops across the 
inductance (EL) and capacitance (Ee). It is 
assumed that XL is larger than Xc and so has a 
larger voltage drop. Since the two voltages are 
completely out of phase the total voltage (that is, 
the applied voltage EAe) is equal to the difference 
between them. This is shown in the drawing as 
EL — Ee. Notice that, because EL is larger than 
Ee, the resultant voltage is exactly in phase with 
EL. In other words, the circuit as a whole simply 
acts as though it were an inductance — an induct-
ance of smaller value than the actual inductance 
present, since the effect of the actual inductive 
reactance is reduced by the capacitive reactance 
in series with it. If Xe is larger than XL, the ar-
rangement will behave like a capacitance — again 
of smaller reactance than the actual capacitive 
reactance present in the circuit. 
The "equivalent" or total reactance of any 

circuit containing inductive and capacitive re-
actances in series is equal to XL — Xe. If there 
are several coils and condensers in series, simply 
add up all the inductive reactances, then add up 
all the capacitive reactances, and then subtract 
the latter from the former. It is customary to call 
inductive reactance "positive" and capacitive 
reactance "negative." If the equivalent or net re-
actance is positive, the voltage leads the current 
by 90 degrees; if the net reactance is negative, 
the voltage lags the current by 90 degrees. 

Lk, 

0 
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Fig. 2-24— Current and voltages in a circuit having 
inductive and capacitive reactances in series. 

Reactive Power 

In Fig. 2-24 the voltage drop across the coil is 
larger than the voltage applied to the circuit. 
This might seem to be an impossible condition, 
but it is not; the explanation is that while energy 
is being stored in the coil's magnetic field, energy 
is being returned to the circuit from the condens-
er's electric field, and vice versa. This stored 
energy is responsible for the fact that the voltages 
across reactances in series can be larger than the 
voltage applied to them. 

In a resistance the flow of current causes heat,-
ing and a power loss equal to PE. The power in a 
reactance is equal to /2X, but is not a "loss"; 
it is simply porter that is transferred back and 
forth between the field and the circuit but not 
used up in heating anything. To distinguish this 
"nondissipated" power from the power which is 
actually consumed, the unit of reactive power is 
called the volt-ampere instead of the watt. Re-
active power is sometimes called "wattless" 
power. 

• IMPEDANCE 
The fact that rt.si›tance, inductive reactance 

and capacitive rea(1:owe all are measured in 
ohms does not indica t t hat they can be combined 
indiscriminately. Vult age and current are in 
phase in resistance, but differ in phase by a quar-
ter cycle in reactance. In the simple circuit shown 

75 ohms 

j100 ohms 

90• 
O-53.  

75(0) 

Fig. 2-25 — Resistance and inductiNe reactance con-
nected in series. 

wow 
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in Fig. 2-25, for example, it is not possible simply 
to add the resistance and reactance together to 
obtain a quantity that will indicate the opposi-
tion offered by the combination to the flow of cur-
rent. Inasmuch as both resistance and reactance 
are present, the total effect can obviously be 
neither wholly one nor the other. In circuits con-
taining both reactance and resistance the oppo-
sition effect is called impedance (Z). The unit of 
impedance is also the ohm. 
The term "impedance" also is generalized to 

include any quantity that can be expressed as a 
ratio of voltage to current. Pure resistance and 
pure reactance are both included in "impedance" 
in this sense. A circuit with resistive impedance 
is either one with resistance alone or one in 
which the effects of any reactance present have 
been eliminated. Similarly, a reactive impedance 
is one having reactance only. A complex imped-
ance is one in which both resistance and reactance 
effects are observable. 

It can be shown that resistance and reactance 
can be combined in the same way that a right-
angled triangle is constructed, if the resistance 
is laid off to proper scale as the base of the tri-
angle and the reactance is laid off as the altitude 
to the same scale. This is also indicated in Fig. 
2-25. When this is done the hypotenuse of the 
triangle represents the impedance of the circuit, 

Eac 
z. 

Fig. 2-26— He-
sictance and ca-
pacitive react-

xc ance in series. 

to the same scale, and the angle between Z and R 
(usually called O and so indicated in the drawing) 
is equal to the phase angle between the applied 
e.m.f. and the current. By geometry, 

z = VR2 X2 

In the case shown in the drawing, 

z = V(75)2 (100)2 = V15,625 = 125 ohms. 

The phase angle can be found from simple trig-
onometry. Its tangent is equal to X/R; in this 
case X / R = 100/75 = 1.33. From trigonometric 
tables it can be determined that the angle having 
a tangent equal to 1.33 is approximately 53 de-
grees. In ordinary amateur work it is seldom 
necessary to give much consideration to the phase 
angle. 
A circuit containing resistance and capacitance 

in series (Fig. 2-26) can be treated in the same 
way. The difference is that in this case the current 
leads the applied e.m.f., while in the resistance-
inductance case it lags behind the voltage. 

If either X or R is small compared with the 
other (say 1/10 or less) the impedance is very 
nearly equal to the larger of the two quantities. 
For example, if R = 1 ohm and X = 10 ohms, 

z = 'R2 + x2 = •\/•• 
(1) ± ( 10)2 

= 1/101 = 10.05 ohms. 

hence if either X or R is at least 10 times as large 
as the other, the error in assuming that the im-
pedance is equal to the larger of the two will not 
exceed M of 1 per cent, which is usually negligible. 

Since one of the components of impedance is 
reactance, and since the reactance of a given coil 
or condenser changes with the applied frequency, 
impedance also changes with frequency. The 
change in impedance as the frequency is changed 
may be very slow if the resistance is considerably 
larger than the reactance. However, if the im-
pedance is mostly reactance a change in frequency 
will cause the impedance to change practically 
as rapidly as the reactance itself changes. 

Ohm 's Law for Impedance 
Ohm's Law can be applied to circuits contain-

ing impedance just as readily as to circuits having 
resistance or reactance only. The formulas are 

I= 

E =- IZ 

E 
Z = — 

I 

ence if either X or R is at least 10 times as large 
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individual voltage drops always add up, arith-
metically, to more than the applied voltage. 
There is nothing fictitious about these voltage 
drops; they can be measured readily by suitable 
instruments. It is simply an illustration of the 
importance of phase in a.c. circuits. 

A more complex series circuit, containing re-
sistance, inductive reactance and capacitive re-
actance, is shown in Fig. 2-28. In this case it is 
necessary to take into account the fact that the 
phase angles between current and voltage differ 

Fig. 2-28 — Resistance, inductive reactance, and ca-
pacitive reactance in series. 

in all three elements. Since it is a series t ircuit, 
the current is the same throughout. Considering 
first just the inductance and capacitance and 
neglecting the resistance, the net reactance is 

XL — Xc = 150 — 50 = 100 ohms (inductive) 

Thus the impedance of a circuit containing re-
sistance, inductance and capacitance in series is 

Z = N/R2 + (X L — Xc)2 
Example: In the circuit of Fig. 2-28, the im-

pedance is 

Z = %/H2 + (XL — Xr)2 

= V(20)2+ (1.50 — 50)2 = %'(20)2 + ( 100)2 

%/10,400 = 102 ohms 

The phase angle can be found from X/ R, where 
X = XL — Xe. 

Parallel Circuits 

Suppose that a resistor, condenser and coil are 
connected in parallel as shown in Fig. 2-29 and 
an a.c. voltage is applied to the combination. In 
any one branch, the current will be unchanged 
if one or both of the other two branches is dis-
connected, so long as the applied voltage re-
mains unchanged. Hence the current in each 
branch can be calculated quite simply by the 
Ohm's Law formulas given in the preceding 
sections. The total current, /, is the sum of the 
currents through all three branches — not the 
arithmetical sum, but the sum when phase is 
taken into account. 

Fig. 2-29 — tesistance, ind ietance and capacitance in 
parallel. Instruinents equine( ted as sl • ei will read the 
total current, /, and the individual currents in the three 
brandies of the circuit. 

CHAPTER 2 

The currents through the various branches 
will be as shown in Fig. 2-30, assuming for pur-
poses of illustration that XL is smaller than Xc 
and that Xc is smaller than R, thus making IL 
larger than /c, and /c larger than IR. The cur-
rent through C leads the voltage by 90 degrees 
and the current through L lags the voltage by 90 
degrees, so these two currents are 180 degrees 
out of phase. As shown at E, the total reactive 
current is the difference between /c and /L. This 
resultant current lags the voltage by 90 degrees, 
because IL is larger than /c. When the reactive 
current is added to IR, the total current, /, is as 
shown at F. It can be seen that / lags the applied 
voltage by an angle smaller than 90 degrees and 
that the total current, while less than the simple 
sum (neglecting phase) of the three branch cur-
rents, is larger than the current through R alone. 
The impedance looking into the parallel circuit 

from the source of voltage is equal to the applied 

(AC 

(E)  

(F) 

Fig. 2-30 — Phase relationships between branch cur-
rents and applied voltage for the circuit of Fig. 2-29. 
The total current through L and C in parallel (IL -I- /c) 
and the total current in the entire circuit (I) also are 
shown. 

voltage divided by the total or line current, I. 
In the case illustrated, / is greater than I R, so 
the impedance of the circuit is less than the re-
sistance of R. How much less depends upon the 
net reactive current flowing through L and Gin 
parallel. If XL and Xc are very nearly equal the 
net reactive current will be quite small because 
it is equal to the difference between two nearly 
equal currents. In such a case the impedance of 
the circuit will be almost the same as the re-
sistance of I? alone. On t he it her band, if X I, and 
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Xe are quite different the net reactive current 
can be relatively large and the total current also 
will be appreciably larger than I. In such a 
case the circuit impedance will be lower than the 
resistance of R alone. 

Power•Factor 

In the circuit of Fig. 2-25 an applied e.m.f. 
of 250 volts results in a current of 2 amperes. 
If the circuit were purely resistive (containing 
no reactance) this would mean a power dissipa-
tion of 250 X2 = 500 watts. However, the cir-
cuit actually consists of resistance and reactance, 
and only the resistance consumes power. The 
power in the resistance is 

P I2R = (2)2 X 75 = 300 watts 

The ratio of the power consumed to the apparent 
power is called the power factor of the circuit, 
and in the case used as an example would be 
300 500 = 0.6. Power factor is frequently ex-
pressed as a percentage; in this case, the power 
factor would be 60 per cent. 

"Real" or dissipated power is measured in 
watts; apparent power, to distinguish it from 
real power, is measured in volt-amperes (just 
like the "wattless" power in a reactance). It is 
simply the product of volts and amperes and has 
no direct relationship to the power actually used 
up or dissipated unless the power factor of the 
circuit is known. The power factor of a purely 
resistive circuit is 100 per cent or 1, while the 
power factor of a pure reactance is zero. In this 
illustration, the reactive power is 

VA (volt-amperes) = /2X -- (2)2 X 100 
= 400 volt-amperes. 

37 
Complex Waves 

It was pointed out early in this chapter that a 
complex wave (a "nonsinusoidal" wave) can be 
resolved into a fundamental frequency and a 
series of harmonic frequencies. When such a com-
plex voltage wave is applied to a circuit contain-
ing reactance, the current through the circuit will 
not have the same waveshape as the applied 
voltage. This is because the reactance of a coil 
and condenser depend upon the applied fre-
quency. For the second-harmonic component of a 
complex wave, the reactance of the coil is twice 
and the reactance of the condenser one-half their 
values at the fundamental frequency; for the 
third harmonic the coil reactance is three times 
and the condenser reactance one-third, and so on. 

Just what happens to the current waveshape 
depends upon the values of resistance and react-
ance involved and how the circuit is arranged. 
In a simple circuit with resistance and inductive 
reactance in series, the amplitudes of the har-
monics will be reduced because the inductive 
reactance increases in proportion to frequency. 
When a condenser and resistance are in series, 
the harmonic current is likely to be accentuated 
because the condenser reactance becomes lower 
as the frequency is raised. When both inductive 
and capacitive reactance are present the shape 
of the current wave can be altered in a variety 
of ways, depending upon the circuit and the 
"constants," or values of L, C and R, selected. 
This property of nonuniform behavior with 

respect to fundamental and harmonics is an ex-
tremely useful one. It is the basis of "filtering," 
or the suppression of undesired frequencies in 
favor of a single desired frequency or group of 
such frequencies. 

Transformers 
Two coils having mutual inductance constitute 

a transformer. The coil connected to the source 
of energy is called the primary coil, and the other 
is called the secondary coil. 
The usefulness of the transformer lies in the 

fact that electrical energy can be transferred 
from one circuit to another without direct con-
nection, and in the process can be readily changed 
from one voltage level to another. Thus, if a de-
vice to be operated requires, for example, 115 
volts and only a 440-volt source is available, a 
transformer can be used to change the source 
voltage to that required. A transformer can be 
used only with a.c., since no voltage will be in-
duced in the secondary if the magnetic field is not 
changing. If d.c. is applied to the primary of a 
transformer, a voltage will be induced in the 
secondary only at the instant of closing or open-
ing the primary circuit, since it is only at these 
times that the field is changing. 

The Iron-Core Transformer 

As shown in Fig. 2-31, the primary and second-
ary coils of a transformer may be wound on a core 
of magnetic material. This increases the induct-
ance of the coils so that a relatively s n tall ttuinber 

of turns may be used to induce a given value of 
voltage with a small current. A closed core (one 
having a continuous magnetic path) such as that 
shown in Fig. 2-31 also tends to insure that prac-
tically all of the field set up by the current in the 
primary coil will cut the turns of the secondary 
coil. However, the core introduces a power loss 
because of hysteresis and eddy currents so this 
type of construction is practicable only at power 
and audio frequencies. The discussion in this sec-
tion is confined to transformers operating at such 
frequencies. 

IC 
Secenda,/ 

IF 
SYM BOLS 

Fig. 2-31 — The transformer. Power is transferred from 
the primary coil to the secondary by means of the mag-
netic field. Thc upper s' miau  at right indicates an iron-
core transfornwr, the lower 011e an airscorc transformer. 
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Voltage and Turns Ratio 

For a given varying magnetic field, the voltage 
induced in a coil in the field will be proportional 
to the number of turns on the coil. If the two 
coils of a transformer are in the same field (which 
is the case when both are wound on the same 
closed core) it follows that the induced voltages 
will be proportional to the number of turns on 
each coil. In the primary the induced voltage is 
practically equal to, and opposes, the applied 
voltage. Hence, 

E. = E, 
no 

where E. = Secondary voltage 
Ep = Primary applied voltage 
n, = Number of turns on secondary 
np = Number of turns on primary 

The ratio n./n„ is called the turns ratio of the 
transformer. 

Exanuile: A transformer has a primary of 400 
turns and a secondary of 2800 turns, and 115 
volts is aiiplied to the primary. Thp secondary 
voltage will be 

E. 1! 2800 = — E, — X 115 = 7 X 115 
tip 400 

= 805 volts 

Also, if 805 volts is applied to the 2800-turn 
winding (which then becomes the primary) the 
output voltage from the 400-turn winding will 
be 115 volts. 

Either winding of a transformer can be used 
as the primary, providing the winding has 
enough turns (enough inductance) to induce a 
voltage equal to the applied voltage without 
requiring an excessive current flow. 

Effect of Secondary Current 

The current that flows in the primary when no 
cuitent is taken from the secondary is called the 
magnetizing current of the transformer. In any 
properly-designed transformer the primary in-
ductance will be so large that the magnetizing 
current will be quite small. The power consumed 
by the transformer when the secondary is "open" 
— that is, not delivering power — is only the 
amount necessary to supply the losses in the iron 
core and in the resistance of the wire of which the 
primary is wound. 
When power is taken from the secondary wind-

ing, the secondary current sets up a magnetic 
field that opts )ses t he field set up by the primary 
current. But il tlic induced voltage in the primary 
is to equal the applied voltage, the original field 
must be maintained. Consequently, the primary 
must draw enough additional current to set up a 
field exactly equal and opposite to the field set up 
by the secondary current. 

In practical calculations on transformers it may 
be assumed that the entire primary current is 
caused by the secondary "load." This is justifiable 
because the magnetizing current should be very 
small in comparison. 

If the magnetic fields set up by the primary 
and secondary currents are to be equal, the 
primary current multiplied by the primary turns 

where I, = 
I. = 
71, = 

n. 

CHAPTER 2 

must equal the secondary current multiplied by 
the secondary turns. From this it follows that 

/o I. 
no 

Primary current 
Secondary current 
Number of turns on primary 
Number of turns on secondary 

Example: Suppose that the secondary of the 
transformer in the previous example is deliver-
ing a current of 0.2 ampere to a load. Then the 
primary current will be 

= 2-8® X 0.2 = 7 X 0.2 = 1.4 amp. 
400 

Although the secondary voltage is higher than 
the primary voltage, the secondary current is 
lower than the primary current, and by the same 
ratio. 

Power Relationships; Efficiency 

A transformer cannot create power; it can only 
transfer and transform it. Hence, the power 
taken from the secondary cannot exceed that 
taken by the primary from the source of applied 
e.m.f. There is always some power loss in the 
resistance of the coils and in the iron core, so in all 
practical cases the power taken from the source 
will exceed that taken from the secondary. Thus, 

P, = nPi 

where Po = Power output from secondary 
= Power input to primary 

n = Efficiency factor 

The efficiency, n, always is less than 1. It is usu-
ally expressed as a percentage; if n is 0.6.5, for 
instance, the efficiency is 65 per cent. 

Example: A transformer has an efficiency of 
85r at its full-load output of 150 watts. The 
power input to the primary at full secondary 
load will be 

P. 150 
Pi = — = — = 176.5 watts 

n 0.85 

A transformer is usually designed to have its 
highest efficiency at the power output for which 
it is rated. The efficiency decreases with either 
lower or higher outputs. On the other hand, the 
losses in the transformer are relatively small at 
low output but increase as more power is taken. 
The amount of power that the transformer can 
handle is determined by its own losses, because 
these heat the wire and core and raise the operat-
ing temperature. There is a limit to the tempera-
ture rise that can be tolerated, because too-high 

Fig. 2-32 — The equivalent •ircuit of a tran-,fiiriner in-
cludes the effects of leakage inductance awl nee of 
both primary and secondary windings. The re-i-iance 
Rc is an equivalent resistance representing local-ta lit 

core losses. Since these are comparatively small, their ef-
fect may be neglected in many approximate calculations. 
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temperature either will melt the wire or cause 
the insulation to break down. A transformer al-
ways can be operated at reduced output, even 
though the efficiency is low, because the actual 
loss also will be low under such conditions. 
The full-load efficiency of small power trans-

formers such as are used in radio receivers and 
transmitters usually lies between about 60 per 
cent and 90 per cent, depending upon the size and 
design. 

Leakage Reactance 

In a practical transformer not all of the mag-
netic flux is common to both windings, although 
in well-designed transformers the amount of flux 
that "cuts" one coil and not the other is only a 
small percentage of the total flux. This leakage 
flux causes an e.m.f. of self-induction; conse-
quently, there are small amounts of leakage in-
ductance associated with both windings of the 
transformer. Leakage inductance acts in exactly 
the same way as an equivalent amount of ordi-
nary inductance inserted in series with the circuit. 
It has, therefore, a certain reactance, depending 
upon the amount of leakage inductance and the 
frequency. This reactance is called leakage 
reactance. 

Current flowing through the leakage reactance 
causes a voltage drop. This voltage drop increases 
with increasing current, hence it increases as more 
power is taken from the secondary. Thus, the 
greater the secondary current, the smaller the 
secondary terminal v()Itage becomes. The resist-
ances of the transformer windings also cause 
voltage drops when current is flowing; although 
these voltage drops are not in phase with those 
caused by leakage reactance, together they result 
in a lower secondary voltage under load than is 
indicated by the turns ratio of the transformer. 
At power frequencies (60 cycles) the voltage at 

the secondary, with a reasonably well-designed 
transformer, should not drop more than about 10 
per cent from open-circuit conditions to full load. 
The drop in voltage may be considerably more 
than this in a transformer operating at audio fre-
quencies because the leakage reactance increases 
directly with the frequency. 

Impedance Ratio 

In an ideal transformer — one without losses 
or leakage reactance — the following relationship 
is true: 

where Zr, 

Z. 

N 

zp = Z.N2 
= Impedance looking into primary ter-
minals from source of power 
= Impedance of load connected to 
secondary 
= Turns ratio, primary to secondary 

That is, a load of any given impedance con-
nected to the secondary of the transformer will be 
transformed to a different value "looking into" 
the primary from the source of power. The im-
pedance transformation is proportional to the 
square of the primary-to-secondary turns ratio. 

Example: A transformer has a primary-to-
secondary turns ratio of 0.6 ( primary has 6/10 
as many turns as the secondary) and a load of 
3000 ohms is connected to the secondary. The 
impedance looking into the primary then will he 

Zr, = Zd)/2 = 3000 X (0.6)2 = 3000 X 0.36 
= 1080 ohms 

By choosing the proper turns ratio, the im-
pedance of a fixed load can be transformed to any 
desired value, within practical limits. The trans-
formed or "reflected" impedance has the same 
phase angle as the actual load impedance; thus 
if the load is a pure resistance the load presented 
by the primary to the source of power also will be 
a pure resistance. 
The above relationship may be used in prac-

tical work even though it is based on an "ideal" 
transformer. Aside from the normal design re-
quirements of reasonably low internal losses and 
low leakage reactance, the only requirement is 
that the primary have enough inductance to 
operate with low magnetizing current at the 
voltage applied to the primary. 
The primary impedance of a transformer — 

as it looks to the source of power — is determined 
wholly by the load connected to the secondary 
and by the turns ratio. If the characteristics of 
the transformer have an appreciable effect on 
the impedance presented to the power source, 
the transformer is either poorly designed or is 
not suited to the voltage at which it is being used. 
Most transformers will operate quite well at 
voltages from slightly above to well below the 
design figure. 

Impedance Matching 

Many devices require a specific value of load 
resistance (or impedance) for optimum operation. 
The impedance of the actual load that is to 
dissipate the power may differ widely from this 
value, so a transformer is used to transform the 
actual load into an impedance of the desired 
value. This is called impedance matching. From 
the preceding, 

N = 
Zp 

where N = Required turns ratio, secondary to 
primary 

Z. = Impedance of load connected to sec-
ondary 

2,, = Impedance required 

Example: A vacimin-tube a.f. amplifier re-
quires a load of 5000 ohms for optimum per-
formance, and is to lie connected to a loud-
speaker having an impedance of 10 ohms. The 
turns ratio, secondary to primary, required in 
the coupling transformer is 

N = = = 

3000 \I 500 22.4 

The primary therefore must have 22.4 times as 
many turns as the secondary. 

Impedance matching means, in general, ad-
justing the load impedance — by means of a 
transformer or otherwise — to a desired value. 
However, there is also another meaning. It is 
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SHELL TYPE 

possible to show that any source of power will 
have its maximum possible output when the 
impedance of the load is equal to the internal 
impedance of the source. The impedance of the 
source is said to be "matched" under this con-
dition. The efficiency is only 50 per cent in such 
a case; just as much power is used up in the source 
as is delivered to the load. Because of the poor 
efficiency, this type of impedance matching is 
limited to cases where only a small amount of 
power is available. 

Transformer Construction 

Transformers usually are designed so that 
the magnetic path around the core is as short as 
possible. A short magnetic path means that the 
transformer will operate with fewer turns, for a 
given applied voltage, than if the path were long. 
It also helps to reduce flux leakage and therefore 
minimizes leakage reactance. The number of 
turns required also is inversely proportional to 
the cross-sectional area of the core. 

LAMINATION SHAPE 

CORE TYPE 

Fig. 2.33 — Two common types of transformer construc-
tion. Core pieces are interleaved to provide a continu-
ous magnetic path with as low reluctance as possible. 

Two core shapes are in common use, as shown 
in Fig. 2-33. In the shell type both windings are 
placed on the inner leg, while in the core type 
the primary and secondary windings may be 
placed on separate legs, if desired. This is some-
times done when it is necessary to minimize 
capacity effects between the primary and second-
ary, or when one of the windings must operate 
at very high voltage. 

Core material for small transformers is usually 

silicon steel, called "transformer iron." The core 
is built up of laminations, insulated from each 
other ( by a thin coating of shellac, for example) 
to prevent the flow of eddy currents. The lami-
nations overlap at the ends to make the magnetic 
path as continuous as possible and thus reduce 
flux leakage. 

ken Core 

Load 

Fig. 2-34 — The autotrans-
former is based on the trans-
former principle, but uses 
only one winding. The line 

Lute and load currents in the 
common winding (A) flow in 
oppo-i t e directions, so that 
the re-ultant current is the 
difference between them. 
The voltage across A is pro-
portional to the turns ratio. 

The number of turns required on the primary 
for a given applied e.m.f. is determined by the 
size, shape and type of core material used, and 
the frequency. As a rough indication, windings 
of small power transformers frequently have 
about six to eight turns per volt on a core of 1-
square-inch cross section and have a magnetic 
path 10 or 12 inches in length. A longer path or 
smaller cross section requires more turns per volt, 
and vice versa. 

In most transformers the coils are wound in 
layers, s ith a thin sheet of paper insulation be-
tween each layer. Thicker insulation is used be-
tween coils and between coils and core. 

Autotransformers 

The transformer principle can be utilized with 
only one winding instead of two, as shown in 
Fig. 2-34; the principles just discussed apply 
equally well. A one-winding transformer is called 
an autotransformer. The current in the common 
section (A) of the winding is the difference be-
tween the line (primary) and the load (secondary) 
currents, since these currents are out of phase. 
Hence if the line and load currents are nearly 
equal the common section of the winding may be 
wound with comparatively small wire. This will 
be the case only when the primary (line) and 
secondary (load) voltages are not very different. 
The autotransformer is used chiefly for boosting 
or reducing the power-line voltage by relatively 
small amounts. 

Radio-Frequency Circuits 
• RESONANCE 

Fig. 2-:i.; :slitms a resistor, condenser and coil 
connected in series with a source of alternating 
current, the frequency of which can be varied 
over a wide range. At some low frequency the 
condenser reactance will be much larger than the 
resistance of R, and the inductive reactance will 
be small compared with either the reactance of C 
or the resistance of R. (R is assumed to be the 
same at all frequencies.) On the other hand, at 
some very high frequency the reactance of C will 
be very small and the reactance of L will be very 

large. In either case the current will be small, 
because the reactance is large at either low or 
high frequencies. 
At some intermediate frequency, the reactances 

of C and L will be equal and the voltage drops 
across the coil and condenser will be equal and 
180 degrees out of phase. Therefore they cancel 
each other completely and the current flow is 
determined wholly by the resistance, R. At that 
frequency the current has its largest possible 
value, assuming the source voltage to be constant 
regardless of frequency. A series circuit in which 
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the inductive and capacitive reactances are equal 
is said to be resonant. 

Although resonance can occur at any fre-
quency, it finds its most extensive application in 
radio-frequency circuits. The reactive effects 
associated with even small inductances and capac-
itances would place drastic limitations on r.f. 
circuit operation if it were not possible to "cancel 
them out" by supplying the right amount of re-
actance of the opposite kind — in other words, 
"tuning the circuit to resonance." 

Resonant Frequency 

The frequency at which a series circuit is 
resonant is that for which XL = Xe. Substitut-
ing the formulas for inductive and capacitive 
reactance gives 

f - 27r.v LC 

where f = Frequency in cycles per second 
L = Inductance in henrys 
C = Capacitance in farads 
7r = 3.14 

These units are inconveniently large for radio-
frequency circuits. A formula using more appro-
priate units is 

106  
f - 2/r\FFP 

where f = Frequency in kilocycles ( kc.) 
I. = Induetatoc n microhenrys (ah.) 
C = Capacitance in microtnicrofarads 

(add.) 
w = 3.14 

Example: 'rue resonant frequency of a series 
circuit containing a 5-µ11, coil and a 35-pgfd. 
condenser is 

10, 10, 

2w VLC — 6.28 X V5 X 33 
10'  10' 

— — 12,050 ke. 
6.28 X 13.2 83 

The formula for resonant frequency is not 
affected by the resistance in the circuit. 

Resonance Curves 

If a plot is drawn of the current flowing in the 
circuit of Fig. 2-35 as the frequency is varied 
(the applied voltage being constant) it would 
look like one of the curves in Fig. 2-36. The shape 
of t he resonance curve at frequencies near reso-
nance is determined by the ratio of reartanee to 
resistance at the particular frequency considered. 

EAC C•-i= 

Fig. 2-35 — A series circuit containing L. C and R is 
"resonant" at the applied frequency when the reactance 
of C is equal to the reactance of L. 
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Fig. 2.36— Current in a series-resonant circuit with 
various values of series resistance. The values are arbi-
trary and would not mud ., to all circuits, hut represent a 
typical ease. It is assumed that the reactances (at the 
resonant frequency) are 1400 ohms (minimum Q = 10). 
Note that at frequencies at least plus or 111i1111A ten per 
cent amity from the re,mant frequency the current is 
substantially unaffected by the resistance in the circuit. 

If the reactance of either the coil or condenser is 
of the same order of magnitude as the resistance, 
the current decreases rather slowly as the fre-
quency is moved in either direction away from 
resonance. Such a curve is said to be broad. On 
the other hand, if the reactance is considerably 
larger than the resistance the current decreases 
rapidly as the frequency moves away from 
resonance and the circuit is said to be sharp. A 
Shari) circuit will respond a great deal more read-
ily to the resonant frequency than to frequencies 
quite close to resonance; a broad circuit will 
respond almost equally well to a group or band 
of frequencies centering around the resonant 
frequency. 

Both types of resonance curves are useful. A 
sharp circuit gives good selectivity — the ability 
to respond strongly (in terms of current ampli-
tude) at one desired frequency and discriminate 
against others. A broad circuit is used when the 
apparatus must give about the same response 
over a band of frequencies rather than to a single 
frequency alone. 

Most diagrams of resonant circuits show only 
inductance and eapacitance; no resistance is indi-
cated. Nevert heless, resistance is always present. 
At frequencit, up to perhaps 30 MI'. this re-4st-
ance is mostl in the wire of the coil. Above this 
frequency energy loss in the condenser (princi-
pally in the solid dielectric which must be used to 
form an insulating support for the condenser 
plates) becomes appreciable. This energy loss is 
equivalent to resistance. When maximum sharp-
ness or selectivity is needed the object of design 
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is to reduce the inherent resistance to the lowest 
possible value. 
The value of the reactance of either the coil or 

condenser at the resonant frequency, divided by 
the resistance in the circuit, is called the Q 
(quality factor) of the circuit, or 

X 
Q = — 

R 

where Q = Quality factor 
X = Reactance of either coil or condenser, 

in ohms 
R = Resistance in ohms 

Example: The coil and condenser in a series 
circuit earls have a reactance of 330 ohms at the 
resonant frequency. The resistance is 5 ohms. 
Then the Q is 

X 350 
Q= — =— = 70 

R 5 

The effect of Q on the sharpness of resonance 
of a circuit is shown by the curves of Fig. 2-37. 
ln these curves the frequency change is shown 
in percentage above and below the resonant 
frequency. Qs of 10, 20, 50 and 100 are shown; 
these values cover much of the range commonly 
used in radio work. 

Voltage Rise 

When a voltage of the resonant frequency is 
inserted in series in a resonant circuit, the volt-
age that appears across either the coil or con-
denser is considerably higher than the applied 
voltage. The current in the circuit is limited only 
by the actual resistance of thc coil-condenser 
combination in the circuit and may have a rela-
tively high value; however, the same current 
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Fig. 2-37 — Current in series-resonant circuits having 
different Qs in this graph the current at resonance is 
a rued 1., be t he sztrue in all cases. The lower the Q. the 
more I. Is the current deereases as the applied fre-
quency is moved au ay from resonance. 

flows through the high reactances of the coil and 
condenser and causes large voltage drops. The 
ratio of the reactive voltage to the pplied voltage 
is equal to the ratio of reactance to resistance. 
This ratio is the Q of the t•ircuit. Therefore, t he 
voltage across either the coil or condenser is equal 
to Q times the voltage inserted in series with the 
circuit. 

Example: The inductive reactance of a circuit 
is 200 ohms, the capacitive reactance is 200 
ohms, the resistance 5 oluns, and the applied 
voltage is 50. The two reactances cancel and 
there will he but 5 ohnis of pure resistance to 
limit the current flow. Thus the current is ill bc 
50/5, or 10 amperes. The voltage tleveloped 
across either the coil or the condenser will be 
equal to its reactance times the current, or 
200 X 10 = 2000 volts. An alternate method: 
The Q of the circuit is .V/h' = 200 3 = 40. 
The reactive voltage is equal to Q times the 
applied voltage, or 40 X 30 = 2000 volts. 

Parallel Resonance 

When a variable-frequency source of constant 
voltage is applied to a parallel circuit of the type 
shown in Fig. 2-38 there is a resonance effect 

big. 2-38 — 
cuit illustrating 
parallel reso-
nance. 

similar to that in a series circuit. However, in this 
case the current (measured at the point indicated) 
is smallest at the frequency for which the coil and 
condenser reactances am equal. At that frequency 
the current through L is exactly canceled by the 
out-of-phase current through C, so that, only the 
current taken by R flows in the line. At frequen-
cies below resonance the current through L is 
larger than that through C, because t he niactance 
of L is smaller and that of C higher at liev fre-
quencies; there is only partial cancellat it at of the 
two reactive currents and the line current there-
fore is larger than the current taken by R alone. 
At frequencies above resonance the situation is 
reversed and more current flows through c 
than through L, so the line current again in-
creases. The current at resonanre, Is'ing deter-
mined wholly by R, will be small if le is large and 
large if R is small. 
The resistance R shown in Fig. 2-38 seldom 

is an actual resistor. In most cases it will be an 
"equivalent" resistance that represents the actu-
al energy loss in the circuit. This loss can be in-
herent iii t he mil or condenser, or may represent 
energy transferred to a load by means of the 
resonant circuit. (l'or example, the resonant 
circuit may be used for transferring power from 
a vacuum-tube amplifier to an antenna system.) 

Parallel and series resonant circuits are quite 
alike in some respects. For instance, the circuits 
given at A and B in Fig. 2-39 will behave identi-
cally, when an external voltage is applied, if (I) 
L and C are the same in both cases; and (2) Rs, 
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multiplied by R. equals the square of the react-
ance (at resonance) of either L or C. When these 
conditions are met the two circuits will have the 
same Qs. (These statements are approximate, but 
are quite accurate if the Q is 10 or more.) The cir-
cuit at A is a series circuit if it is viewed from the 
"inside" — that is, going around the loop 
formed by L, C and R — so its Q can be found 
from the ratio of X to R.. 
Thus a circuit like that of Fig. 2-39A has an 

equivalent parallel impedance (at resonance) 
equal to Rii, t he relationship between R, and Rp 
being as explained above. Although R,, is not 
an actual resistor, to the source of voltage the 
parallel-resonant circuit " looks like" a pure 
resistance of that value. It is " pure" resistance 
because the coil and condenser currents are 180 
degrees out of phase and are equal; thus there 
is no reactive current in the line. At the resonant 
frequency the parallel impedance of a resonant 
circuit is 

Zr=QX 

where Zr = Resistive impedance at resonance 
Q = Quality factor 
X = Reactance (in ohms) of either the 

coil or condenser 

Example: The parallel impedance of a circuit 
having a Q of 50 and having inductive and ca-
pacitive reactances of 300 ohms will be 

Z, = QX = 50 X 300 = 15,000 ohms. 

At frequencies off resonance the impedance 
is no longer purely resistive because the coil 
and condenser currents are not equal. The off-
resonant impedance therefore is complex, and 

Fig. 2-39 — Series 
and parallel equiv-
alents when the 
two circuits are 
resonant. The 
series resistor, 
in A can be re-
placed by an 
equivalent parallel 
resistor, R, in It, 
and vice versa. 

is lower than the resonant impedance for the 
reasons previously outlined. 
The higher the Q of the circuit, the higher the 

parallel impedance. Curves showing the varia-
tion of impedance (with frequency) of a parallel 
circuit have just the same shape as the curves 
showing the variation of current with frequency 
in a series circuit. Fig. 2-40 is a set of such curves. 

Parallel Resonance in Low-Q Circuits 

The preceding discussion is accurate only for 
Qs of 10 or more. When the Q is below 10, reso-
nance in a parallel circuit having resistance in 
series with the coil, as in Fig. 2-39A, is not so 
easily defined. There is a set of values for L and 
C that will make the parallel impedance a pure 
resistance, but with these values the impedance 
does not have its maximum possible value. An-
other set of values for L and C will make the 
parallel impedance a maximum, but this maxi-
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Fig. 2-49 — Relative impedance of parallel-resonant 
circuits s% ith different Qs. These curves are similar to 
those in Fig. 2-37 for current in a series-resonant circuit. 
The effect of Q on impedance is most marked near the 
resonant frequency. 

mum value is not a pure resistance. Either 
condition could be called "resonance," so with 
low-Q circuits it is necessary to distinguish be-
tween maximum impedance and resistive im-
pedance parallel resonance. The difference in 
tuning is appreciable when the Q is in the vicinity 
of 5, and becomes more marked with still lower 
Q values. 

Q of Loaded Circuits 

In many applications of resonant circuits the 
only power lost is that dissipated in the resistance 
of the circuit itself. At frequencies below 30 Mc. 
most of this resistance is in the coil. Within 
limits, increasing the number of turns on the 
coil increases the reactance faster than it raises 
the resistance, so coils for circuits in which the 
Q must be high may have reactances of 1000 
ohms or more at the frequency under considera-
tion. 
Hom ever, when the circuit delivers energy to 

a load (as in the ease of the resonant circuits 
used in transmitters) the energy consumed in 
the circuit itself is usually negligible compared 
with that consumed by the load. The equivalent 
of such a circuit is shown in Fig. 2-41A, where 
the parallel resistor represents the load to which 
power is delivered. If the power dissipated in the 

(A) (B) 

Fig. 2-41 — The equivalent circuit of a resonant cir-
cuit delivering power to a load. The resistor R represents 
the load resistance. At B the load is tapped across 
part of L, which by transformer action is equivalent to 
using a higher load resistance across the whole circuit. 
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load is at least ten times as great as the power 
I +4 in the coil and condenser, the parallel im-
pedance of the resonant circuit itself will be so 
high compared with the resistance of the load 
that for all practical purposes the impedance of 
the combined circuit is equal to the load resist-
ance. Under these conditions the Q of a parallel-
resonant circuit loaded by a resistive impedance is 

Q = 

where Q = Quality factor 
Z = Parallel load resistance (ohms) 
X = Reactance (ohms) of either the coil 

or condenser 

Example: A resistive load of 3000 ohms is con-
nected across a resonant circuit in which the in-
ductive and capacitive reactances are each 250 
ohms. The circuit Q is then 

Z 3000 
Q — = — = 12 

X 250 

The "effective" Q of a circuit loaded by a 
parallel resistance becomes higher when the re-
actances of the coil and condenser are decreased. 
A circuit loaded with a relatively low resistance 
(a few thousand ohms) must have low-reactance 
elements (large capacitance and small inductance) 
to have reasonably high Q. 

Impedance Transformation 

An important application of the parallel-
resonant circuit is an impedance-matching de-
vice in the output circuit of a vacuum-tube r.f. 
power amplifier. As described in the chapter on 
vacuum tubes, there is an optimum value of load 
resistance for each type of tube and set of operat-
ing conditions. However, the resistance of the 
load to which the tube is to deliver power usually 
is considerably lower than the value required for 
proper tube operation. To transform the actual 
load resistance to the desired value the load may 
be tapped across part of the coil, as shown in 
Fig. 2-41B. This is equivalent to connecting a 
higher value of load resistance across the whole 
circuit, and is similar in principal to impedance 
transformation with an iron-core transformer. 
In high-frequency resonant circuits the im-
pedance ratio does not vary exactly as the square 
of the turns ratio, because all the magnetic flux 
lines do not cut every turn of the coil. A desired 
reflected impedance usually must be obtained by 
experimental adjust ment. 
When the load resistance has a very low value 

(say below 100 ohms) it may be connected in 
series in the resonant circuit (as in Fig. 2-39A, 
for example), in which case it is transformed to 
an equivalent parallel impedance as previously 
described. lf the Q is at least 10, the equivalent 
parallel impedance is 

X 2 
Zr = 

IC 

where Zr = Resistive impedance at resonance 
X = Reactance (in ohms) of either the 

coil or condenser 

R = Load resistance inserted in series 

If the Q is lower than 10 the reactance will have 
to be adjusted somewhat, as described previously, 
to obtain a resistive impedance of the desired 
value. 

LIC Ratio 

The formula for resonant frequency of a circuit 
shows that the same frequency always will be 
obtained so long as the product of L and C is con-
stant. Within this limitation, it is evident that L 
can be large and C small, L small and C large, etc. 
The relation between the two for a fixed fre-
quency is called the LIC ratio. A high-C circuit 
is one which has more capacity than "normal" 
for the frequency; a low-C circuit one which has 
less than normal capacity. These terms depend 
to a considerable extent upon the particular ap-
plication considered, and have no exact numeri-
cal meaning. 

LC Constants 

It is frequently convenient to use the numerical 
value of the LC constant when a number of calcu-
lations have to he made involving different L/C 
ratios for the same frequency. The constant for 
any frequency is given by the following equation: 

LC — 25'330 

where L Inductance in microhenrys (ah.) 
C = Capacitance in micromicrofarads 

(µµfd.) 

f = Frequency in megacycles 

Example: Find the inductance required to 
resonate at 3650 kc. (3.65 Mc.) with capaci-
tances of 25, 50, 100, and 500 µmid. The LC 
constant is 

25 330 25.330LC —   —— 1900 
(3.65)2 13.35 

With 25 ppfd. L = 1900/C = 1900/25 
= 76 ph. 

50 ppfd. L = 1900/C = 1900/50 
= 38 ph. 

100 ppfd. L = 1900/C = 1900/100 
= 19 ph. 

500 ppfd. L = 1900/C = 1900/500 
= 3.8 ph. 

• COUPLED CIRCUITS 
Energy Transfer and Loading 

Two circuits are coupled when energy can be 
transferred from one to the other. The circuit 
delivering power is called the primary circuit; the 
one receiving power is called the secondary cir-
cuit. The power may be practically all dissipated 
in the secondary circuit itself (this is usually the 
case in receiver circuits) or the secondary may 
simply act as a medium through which the power 
is transferred to a load. In the latter case, the 
coupled circuits may act as a radio-frequency 
impedance-matching device. The matching can 
be accomplished by adjusting the loading on the 
secondary and by varying the amount of coupling 
between the primary and secondary. 
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Coupling by a Common Circuit Element 

One method of coupling between two resonant 
circuits is through a circuit element common to 
both. The three variations of this type of coupling 
shown at A, B and C of Fig. 2-42, utilize a com-
mon inductance, capacitance and resistance, re-
spectively. Current circulating in one LC branch 
flows through the common element (1,, G or R,) 
and the voltage developed across this element 
causes current to flow in the other LC branch. 

Input 

Input 

o  

Input 

Output (A 

Output (13) 

 o 

o 

L2a 

Output (C) 

"1" 0 

 o 

2 Output (D) 

o   o 
Fig. 2-42 — Four methods of circuit coupling. 

If both circuits are resonant to the same fre-
quency, as is usually the case, the value of cou-
pling reactance or resistance required for maxi-
mum energy transfer is generally quite small 
compared mith the other reactances in the cir-
cuits. The common-circuit-element method of 
coupling is used only occasionally in amateur 
apparatus. 

Capacitive Coupling 

In the circuit at D the coupling increases as 
the capacitance of G, the "coupling condenser," 
is made greater (reactance of Co is decreased). 
When two resonant circuits are coupled by this 
means, the capacitance required for maximum 
energy transfer is quite small if the Q of the sec-
ondary circuit is at all high. For example, if the 
parallel impedance of the secondary circuit is 
100,000 ohms, a reactance of 10,000 ohms or so 
in the condenser will give ample coupling. The 
corresponding capacitance required is only a few 
micromicrofarads at high frequencies. 

Inductive Coupling 

Figs. 2-43 and 2-44 show inductive coupling, or 
coupling by means of the mutual inductance be-
tween two coils. Circuits of this type resemble the 

iron-core transformer, but because only a part of 
the magnetic flux lines set up by one coil cut the 
turns of the other coil, the simple relationships 
between turns ratio, voltage ratio and impedance 
ratio in the iron-core transformer do not hold. 
Two types of inductively-coupled circuits are 

shown in Fig. 2-43. Only one circuit is resonant. 
The circuit at A is frequently used in receivers for 
coupling between amplifier tubes when the tuning 
of the circuit must be varied to respond to signals 
of different frequencies. Circuit B is used prin-
cipally in transmitters, for coupling a radio-
frequency amplifier to a resistive load. 

In these circuits the coupling between the 
primary and secondary coils usually is "tight" — 
that is, the coefficient of coupling between the 
coils is large. With very tight coupling either cir-
cuit operates nearly as though the device to which 
the untuned coil is connected were simply tapped 
across a corresponding number of turns on the 
tuned-circuit coil, thus either circuit is approxi-
mately equivalent to Fig. '2-41B. 
By proper choice of the number of turns on 

the untuned coil, and by adjustment of the 
coupling, the parallel impedance of the tuned cir-
cuit may be adjusted to the value required for 
the proper operation of the device to which it is 
connected. In any case, the maximum energy 
transfer possible for a given coefficient of coupling 
is obtained when the reactance of the untuned 
coil is equal to the resistance of its load. 
The Q and parallel impedance of the tuned 

circuit are reduced by coupling through an un-
tuned coil in much the same way as by the 
tapping arrangement shown in Fig. 2-41B. 

Coupled Resonant Circuits 

When the primary and secondary circuits are 
both tuned, as in Fig. 2-44, the resonance effects 
in both circuits make the operation somewhat 
more complicated than in the simpler circuits just 
considered. Imagine first that the two circuits are 
not coupled and that each is independently tuned 
to the resonant frequency. The impedance of each 
will be purely resistive. If the primary circuit is 
connected to a source of r.f. energy of the resonant 
frequency and the secondary is then loosely 
coupled to the primary, a current will flow in the 
secondary circuit. In flowing through the re-
sistance of the secondary circuit and any load 

(A) 

(B) 

Fig. 2-43— Single-tuned inductively-coupled circuits. 
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that may be connected to it, the current causes a 
power loss. This power must come from the 
energy source through the primary circuit, and 
manifests itself in the primary as an increase in 
the equivalent resistance in series with the 
primary coil. Hence the Q and parallel impedance 
of the primary circuit are decreased by the 
coupled secondary. As the coupling is made 
greater (without changing the tuning of either 
circuit) the coupled resistance becomes larger 
and the parallel impedance of the primary con-
tinues to decrease. Also, as the coupling is made 
tighter the amount of power transferred from the 
primary to the secondary will increase to a 
maximum at critical coupling, but, then decreases 
if the coupling is tightened still more (still with-
out changing the tuning). 

Output ( B) 

Fig. 2-44 — Inductivelv-,,pled resonant circuits. Cir-
cuit A is used for high:re.kt.ince loads (at least several 
times the reactance of eitiu r L2 or C2 at the resonant 
frequency). Circuit B is suitable for low re-ktance loads, 
where the reactance of either 1.2 or C2 is at least several 
times the load resistance. 

Critical coupling is a function of the Qs of the 
two circuits. A higher coefficient of coupling is 
required to reach critical coupling when the Qs 
are low; if the Qs are high, as in receiving applica-
tions, a coupling coefficient of a few per cent may 
give critical coupling. 
With loaded circuits such as are used in trans-

mitters the Q may be too low to give the desired 
power transfer even when the coils are coupled 
as tightly as the physical construction permits. 
In such case, increasing the Q of either circuit 
will be helpful, although it is generally better to 
increase the Q of the lower-Q circuit rather than 
the reverse. The Q of the parallel-tuned primary 
(input) circuit can be increased by decreasing the 
L/C ratio because, as shown in connection with 
Fig. 2-39, this circuit is in effect loaded by a 
parallel resistance (effect of coupled-in resist-
ance). In the parallel-tuned secondary circuit, 
Fig. 2-44A, the Q can be increased, for a fixed 
value of load resistance, either by decreasing the 
L/C ratio or by tapping the load down (see Fig. 
2-41). In the series-tuned secondary circuit, Fig. 
2-44B, the Q may be increased by increasing the 
LIC ratio. 
There will generally be no difficulty in securing 

sufficient coupling, with practicable coils, if the 
Q of each circuit is at least 10. Smaller values will 

— ¡-

FREQUENCY 

Fig. 2-45 — S towing the effect on the output voltage 
from the seem dairy circuit of changing the coefficient of 
coupling between two resonant circuits independently 
tuned to the same frequency. The voltage applied to the 
primary is held constant in amplitude while the fre-
quency is varied, and the output voltage is measured 
across the secondary. 

suffice if the coil construction permits tight 
coupling. 

Selectivity 

In Fig. 2-43 only one circuit is tuned and the 
selectivity curve will be that of a single resonant 
circuit. As stated, the effective Q depends upon 
the resistance connected to the untuned coil. 

In Fig. 2-44, the selectivity is the same as that 
of a single tuned circuit having a Q equal to the 
product of the Qs of the individual circuits — if 
the coupling is well below critical and both cir-
cuits are tuned to resonance. The Qs of the in-
dividual circuits are affected by the degree of 
coupling, because each couples resistance into the 
other; the tighter the coupling, the lower the 
individual Qs and therefore the lower the over-all 
selectivity. 

If both circuits are independently tuned to 
resonance, the over-all selectivity will vary about 
as shown in Fig. 2-45 as the coupling is varied. 
With loose coupling, A, the output voltage 
(across the secondary circuit) is small and the 
selectivity is high. As the coupling is increased 
the secondary voltage also increases until critical 
coupling, B, is reached. At this point the output 
voltage at the resonant frequency is maximum 
but the selectivity is lower than with looser 
coupling. At still tighter coupling, C, the output 
voltage at the resonant frequency decreases, but 
as the frequency is varied either side of resonance 
it is found that there are two "humps" to the 
curve, one on either side of resonance. With very 
tight coupling, D, there is a further decrease in 
the output voltage at resonance and the "humps" 
are farther away from the resonant frequency. 
Curves such as those at C and D are called flat-
topped because the output voltage does not change 
much over an appreciable band of frequencies. 
Note that the off-resonance humps have the 

same maximum value as the resonant output volt-
age at critical coupling. These humps are caused 
by the fact that at frequencies off resonance the 
secondary circuit is reactive and couples reactance 
as well as resistance into the primary. The cou-
pled resistance decreases off resonance and the 
humps represent a new condition of critical cou-
pling, at a frequency to which the primary is 
detuned by the coupled-in reactance from the 
secondary. 
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Band-Pass Coupling 

Over-coupled resonant circuits are useful where 
substantially uniform out put is desired over a 
continuous band of frequencies, without read-
justment of tuning. The width of the flat top of 
the resonance curve depends on the Qs of the two 
circuits as well as the tightness of coupling; the 
frequency separation between the humps will 
increase, and the curve become more flat-topped 
as the Qs are lowered. 

Band-pass operation also is secured by tuning 
the two circuits to slightly different frequencies, 
which gives a double-humped resonance curve 
even with loose coupling. This is called stagger 
tuning. However, to secure adequate power 
transfer over the frequency band it is usually 
necessary to use tight coupling and adjust the 
two circuits, by experiment, to give the desired 
performance. 

Link Coupling 

A modification of inductive coupling, called 
link coupling, is shown in Fig. 2-46. This gives 
the effect of inductive coupling between two coils 
that have no mutual inductance; the link is 
simply a means for providing the mutual induct-
ance. The total mutual inductance between two 
coils coupled by a link cannot be made as great 
as if the coils themselves were coupled. This is 
because the coefficient of coupling between air-
core coils is considerably less than 1, and since 
there are two coupling points the over-all coupling 
coefficient is less than for any pair of coils. In 
practice this need not be disadvantageous because 
the power transfer can be made great enough by 
making the tuned circuits sufficiently high-Q. 
Link coupling is convenient when ordinary in-
ductive coupling would be impracticable for con-
structional reasons. 
The link coils usually have a small number of 

turns compared with the resonant-circuit coils. 
The number of turns is not greatly important, 
because the coefficient of coupling is relatively 
independent of the number of turns on either coil; 
it is more important that both link coils should 
have about the same inductance. The length of the 
link between the coils is not critical if it is very 
small compared with the wavelength, but if the 
length is more than about one-twentieth of a 
wavelength the link operates more as a transmis-
sion line than itS a means for providing mutual 
inductance. In such case it should be treated by 
the methods described in the chapter on Trans-
mission Lines. 

e 
u 

Fig. 2-46 — Link coupling. The mutual inductances at 
both ends of the link are equivalent to mutual induct-
anee between the tuned circuits, and serve the saine 
purpose. 
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Piezoelectric Crystals 

A number of crystalline substances found in 
nature have the ability to transform mechanical 
strain into an electrical charge, and vice versa. 
This property is known as piezoelectricity. A 
small plate or bar cut in the proper way from a 
quartz crystal, for example, and placed between 
two conducting electrodes, will be mechanically 
strained when the electrodes are connected to a 
source of voltage. Conversely, if the crystal is 
squeezed between two electrodes a voltage will 
develop between the electrodes. 

Piezoelectric crystals can be used to transform 
mechanical energy into electrical energy, and vice 
versa. They are used, for example, in microphones 
and phonograph pick-ups, where mechanical 
vibrations are transformed into alternating volt-
ages of corresponding frequency. They are also 
used in headsets and loudspeakers, transforming 
electrical energy into mechanical vibration. Crys-
tal plates for these purposes are cut from large 
crystals of Rochelle salts. 

Fig. 2-47 — Equivalent circuit 
of a crystal resonator. I., C and 
R are the electrical equivalents 
of mechanical properties of the 
crystal; Ch is the capacitance of 
the electrodes with the crystal 
plate between them. 

Crystalline plates also are mechanical vibrators 
that have natural frequencies of vibration ranging 
from a few thousand cycles to several megacycles 
per second. The vibration frequency depends on 
the kind of crystal, the way the plate is cut from 
the natural crystal, and on the dimensions of the 
plate. Because of the piezoelectric effect, the crys-
tal plate can be coupled to an electrical circuit 
and made to substitute for a coil-and-condenser 
resonant circuit. The thing that makes the crystal 
resonator valuable is that it has extremely high 
Q, ranging from 5 to 10 times the Qs obtainable 
with good LC resonant circuits. 

Analogies can be drawn between various me-
chanical properties of the crystal and the elec-
trical characteristics of a tuned circuit. This 
leads to an "equivalent circuit" for the crystal. 
The electrical coupling to the crystal is through 
the electrodes between which it is sandwiched; 
these electrodes form, with the crystal as the 
dielectric, a small condenser like any other con-
denser constructed of two plates with a dielectric 
between. The crystal itself is equivalent to a 
series-resonant circuit, and ti get her with the 
capacitance of the electrodes forms the equivalent 
circuit shown in Fig. 2-47. The equivalent induct-
ance of the crystal is extremely large and the 
series capacitance, (', is correspondingly low; this 
is the reason for the high Q of a crystal. The 
electrode capacitance, Ch, is so very large com-
pared with the series capacitance of the crystal 
that it has only a very small effect ' al the resonant 
frequency. 
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Crystal plates for use as resonators in radio-

frequency circuits are almost always eut from 
quartz crystals, because for mechanical reasons 
quartz is by far the most suitable material for 

CHAPTER 2 

this purpose. Quartz crystals are usrul as rest ma-
tors in receivers, to give highly-select ive reception, 
arid as frequency-controlling elements in trans-
mitters to give a high order of frequency stability. 

Practical Circuit Details 

• COMBINED A.C. AND D.C. 
Most radio circuits are built around vacuum 

tubes, and it is the nature of these tubes to require 
direct current (usually at a fairly high voltage) 
for their operation. They convert the direct cur-
rent into an alternating current (and sometimes 
the reverse) at frequencies varying from well 
down in the audio range to well up in the super-
high range. The conversion process almost in-
variably requires that the direct and alternating 
currents meet somewhere in the circuit. 

In this meeting, the a.c. and d.c. are actually 
combined into a single current that "pulsates" 
(at the a.c. frequency) about an average value 
equal to the direct current. This is shown in Fig. 
2-48. It is convenient to consider that the alter-
nating current is superimposed on the direct 
current, so we may look upon the actual current 
as having two components, one d.c. and the 
other a.c. 

1/44 
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Pig. 2-48— Pulsat-
ing, composed of an 
alternating current 
or voltage superim-
posed on a steady 
direct current or 

itltagc. 

In an alternating current the positive and nega-
tive alternations have the same average ampli-
tude, so when the wave is superimposed on a 
direct current the latter is alternately increased 
and decreased by Ike sanie amount. There is thus 
no average change in the direct current. If a d.c. 
instrument is being used to read the current, the 
reading will be exactly the same whether or not 
the a.c. is superimposed. 

However, there is actually more power in such 
a combination current than there is in the direct 
current alone. This is because power varies as the 
square of the instantaneous value of the current, 
and when all the instantaneous squared values 
are averaged over a cycle the total power is 
greater than the d.c. power alone. If the a.c. is a 
sine wave having a peak value just equal to the 
d.c., the power in the circuit is 1.5 times the d.c. 
power. An instrument whose readings are pro-
portional to power will show such an increase. 

In many circuits, also, we may have two alter-
nating currents of different frequencies; for ex-
ample, an audio frequency and a radio frequency 
may be combined in the same circuit. The two 
in turn may be combined with a direct current. 
In some cases, too, two r.f. currents of widely:-
different frequencies may be combined in the 
same circuit. 

Series and Parallel Feed 

Fig. 2-49 shows in simplified form how d.c. and 
a.c. may be combined in a vacuum-tube circuit. 
(The tube is shown only in bare outline; so far 
as the d.c. is concerned, it can be looked upon as 
a resistance of rather high value. On the other 
hand, the tube may be looked upon as the gen-
erator of the a.c. The mechanism of tube operation 
is described in the next chapter.) In this case, it 
is assumed that the a.c. is at radio frequency, as 
suggested by the coil-and-condenser tuned circuit. 
It is also assumed that r.f. current can easily flow 
through the d.c. supply; that is, the impedance 
of the supply at radio frequencies is so small as 
to be negligible. 

In the circuit at the left, the tube, tuned circuit, 
and d.c. supply all are connected in series. The 
direct current flows through the r.f. coil to get to 
the tube; the r.f. current generated by the tube 
flows through the d.c. supply to get to the tuned 
circuit. This is series feed. It works because the 
impedance of the d.c. supply at radio frequencies 
is so low that it does not affect the flow of r.f. cur-
rent, and because the d.c. resistance of the coil is 
so low that it does not affect the flow of direct 
current. 

In the circuit at the right the direct current 
does not flow through the r.f. tuned circuit, but 
instead goes to the tube through a second coil, 
RFC (radio-frequency choke). Direct current 
cannot flow through L because a blocking con-
denser, V, is placed in the circuit to prevent it. 
(Without C, the d.c. supply would be short-
circuited by the low resistance of L.) On the 
other hand, the r.f. current generated by the tube 
can easily flow through C to the tuned circuit be-
cause the capacitance of C is intentionally chosen 
to have low reactance (compared with the im-
pedance of the tuned circuit) at the radio fre-
quency. The r.f. current cannot flow through the 
d.c. supply because the inductance of RFC is in-
tentionally made so large that it has a very high 
reactance at the radio frequency. The resistance 
of RFC, however, is too low to have an appre-

SERIES FEED PARALLEL FEED 
fig. 2-19— Illustrating series and parallel feed. 
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viable effect on the flow of direct currut , . The two 
currents are thus in parallel, hence the name 
parallel feed. 

Either type of feed may be used for both a.f. 
and r.f. circuits. In parallel feed there is no d.c. 
voltage on the a.c. circuit, a desirable feature 
from the viewpoint of safety to the operator, be-
cause the voltages applied to tubes — particu-
larly transmitting tubes — are dangerous. On the 
other hand, it is somewhat difficult to make an 
r.f. choke work well over a wide range of fre-
quencies. Series feed is usually preferred, there-
fore, because it is relatively easy to keep the 
impedance between the a.c. circuit and the tube 
low. 

By-Passing 

In the series-feed circuit just discussed, it was 
assumed that the d.c. supply had very low im-
pedance at radio frequencies. This is not likely 
to be true in a practical power supply, partly 

Fig. 2.50 — Typical 
use of a by-pass con-
denser in a series-feed 
circuit. 

*40 

because the normal physical separation between 
the supply and the r.f. circuit would make it 
necessary to use rather long connecting wires or 
leads. At radio frequencies, even a few feet of 
wire can have fairly large reactance — too large 
to be considered a really "low-impedance" con-
nection. 
An actual circuit would be provided with a 

by-pass condenser, as shown in Fig. 2-50. Con-
denser C is chosen to have low reactance at the 
operating frequency, and is installed right in the 
circuit where it can be wired to the other parts 
with quite short connecting wires. Hence the r.f. 
current will tend to flow through it rather than 
through the d.c. supply. 
To be effective, the reactance of the by-pass 

condenser should not be more than one-tenth of 
the impedance of the by-passed part of the cir-
cuit. Very often the latter impedance is not 
known, in which case it is desirable to use the 
largest capacitance in the by-pass that circum-
stances permit. To make doubly sure that r.f. 
current will not flow through a non-r.f. circuit 
such as a power supply, an r.f. choke may be 
connected in the lead to the latter, as shown in 
Fig. 2-50. 
The same type of by-passing is used when audio 

frequencies are present in addition to r.f. Because 
the reactance of a condenser changes with fre-
queney, it is readily possible to choose a capaci-

tance that will represent a very low reactance at 
radio frequencies but that will have such high 
reactance at audio frequencies that it is practi-
cally an open circuit. A capacitance of 0.001 dd. 
is practically a short circuit for r.f., for example, 
but is almost an open circuit at audio frequencies. 
(The actual value of capacitance that is usable 
will be modified by the impedances concerned.) 
By-pass condensers also are used in audio circuits 
to carry the audio frequencies around a d.c. 
supply. 

Distributed Capacitance and Inductance 

In the discussions earlier in this chapter it 
was assumed that a condenser has only capac-
itance and that a coil has only inductance. Un-
fortunately, this is not strictly true. There is 
always a certain amount of inductance in a con-
ductor of any length, and a condenser is bound 
to have a little inductance in addition to its 
intended capacitance. Also, there is always ca-
pacitance between two conductors or between 
parts of the same conductor, and thus there is 
appreciable capacitance between the turns of an 
inductance coil. 

This distributed inductance in a condenser 
and the distributed capacitance in a coil have 
important practical effects. Actually, every con-
denser is a tuned. circuit, resonant at the fre-
quency where its capacitance and distributed 
inductance have the same reactance. The same 
thing is true of a coil and its distributed capaci-
tance. At frequencies well below these natural 
resonances, the condenser will act like a normal 
capacitance and the coil will act like a normal 
inductance. Near the natural resonant points, 
the coil and condenser act like self-tuned circuit:. 
Above resonance, the condenser acts like an in-
ductance and the coil acts like a condenser. Thus 
there is a limit to the amount of capacitance that 
can be used at a given frequency. There is a simi-
lar limit to the inductance that can be used. 
At audio frequencies, capacitances measured in 
microfarads and inductances measured in henrys 
are practicable. At low and medium radio fre-
quencies, inductances of a few millihenrys and 
capacitances of a few thousand micromicro-
farads are the largest practicable. At high radio 
frequencies, usable inductance values drop to 
a few microhenrys and capacitances to a few 
hundred micromicrofarads. 

Distributed capacitance and inductance are 
important not only in r.f. tuned circuits, but in 
by-passing and choking as well. It will be appre-
ciated that a by-pass condenser that actually 
acts like an inductance, or an r.f. choke that acts 
like a condenser, cannot work as it is intended 
they should. 

Grounds 

Throughout this book there are frequent refer-
ences to ground and ground potential When a 
connection is said to be "grounded" it does not 
mean that it actually goes to earth (although in 
many cases such earth connections are used). 
What it means is that an actual earth connection 
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could be made to that point in the circuit without 
disturbing the operation of the circuit in any way. 
The term also is used to indicate a "common" 
point in the circuit where power supplies and 
metallic supports (such as a metal chassis) are 
electrically tied together. It is customary, for 
example, to "ground" the negative terminal of a 
d.c. power supply, and to "ground" the filament 
or heater power supplies for vacuum tubes. Since 
the cathode of a vacuum tube is a junction point 
for grid and plate voltage supplies, it is a natural 
point to "ground." Also, since the various cir-
cuits connected to the tube elements have at 
least one point connected to cathode, these 
points also are "returned to ground." "Ground" 
is therefore a common reference point in the radio 
circuit. "Ground potential" means that there is 
no "difference of potential" — that is, no voltage 
— between the circuit point and the earth. 

Single-Ended and Balanced Circuits 

With reference to ground, a circuit may be 
either single-ended (unbalanced) or balanced. 
In a single-ended circuit, one side of the cir-
cuit is connected to ground. In a balanced 
circuit, the electrical midpoint is connected to 

SINGL E-E NOED BALANCED 

SINGLE-ENDED BALANCED OUTPUT 
Fig. 2-51 — Single-ended and balanced circuits. 

ground, so that the circuit has two ends each 
at the same voltage "above" ground. 

Typical single-ended and balanced circuits are 
shown in Fig. 2-51. It.f. circuits are shown in 
the upper row, while iron-core transformers (such 
as are used in power-supply and audio circuits) 
are shown in the lower row. The r.f. circuits may 
be balanced either by connecting the center of 
the coil to ground or by using a "balanced" or 
"split-stator" condenser and connecting the con-
denser rotor to ground. In the iron-mre trans-
former, one or In ith windings may be tapped at. 
tlw center of the winding to provide the ground 
connection. 

In the single-ended circuit, only one side of 

the circuit is "hot" — that is, has a voltage that 
differs from ground potential. In the balanced 
circuit, both ends are "hot" and the grounded 
center point is at ground potential. 

Shielding 

Two circuits that are physically near each 
other usually will be coupled to each other in 
some degree even though no coupling is intended. 
The metallic parts of the two circuits form a 
small capacitance through which energy can be 
transferred by means of the electric field. Also, 
the magnetic field about the coil or wiring of 
one circuit can couple that circuit to a second 
through the latter's coil and wiring. In many 
cases these unwanted couplings must be prevented 
if the circuits are to work properly. 

Capacitive coupling may readily be prevented 
by enclosing one or both of the circuits in 
grounded low-resistance metallic containers, 
called shields. The electric field frein the circuit 
components does not penetrate the shield. A 
metallic plate, called a bailie shield, inserted be-
tween two components also may suffice to pre-
vent electrostatic coupling between them. It 
should be large enough to make the components 
invisible to each other. 

Similar metallic shielding is used at radio fre-
quencies to prevent magnetic coupling. The 
shielding effect increases with frequency and with 
the conductivity and thickness of the shielding 
material. 
A closed shield is required for good magnetic 

shielding; in some cases separate shields, one 
about each coil, may be required. The baffle shield 
is rather ineffective for magnetic shielding, al-
though it will give partial shielding if placed at 
right angles to the axes of, and between, the coils 
to be shielded from each other. 

Shielding a coil reduces its inductance, because 
part of its field is canceled by the shield. Also, 
there is always a small amount of resistance in 
the shield, and there is therefore an energy loss. 
This loss raises the effective resistance of the 
coil. The decrease in inductance and increase in 
resistance lower the Q of the coil. The reduction 
in inductance and Q will be small if the shield is 
sufficiently far away from the coil; the spacing 
between the sides of the coil and the shield should 
be at least half the coil diameter, and the spacing 
at the ends of the coil should at least equal the 
coil diameter. The higher the conductivity of the 
shield material, the less the effect on the induc-
tance and Q. Copper is the best material, but alu-
minum is quite satisfactory. 

For good magnetic shielding at audio fre-
quencies it is necessary to enclose the coil in a 
container of high-permeability iron or steel. In 
this case the shield can be quite close to the coil 
without harming its performance. 

Modulation, Heterodyning and Beats 
Since one of th,• 1,,,,st widespread uses of radio spectrum to be transmitted could simply be shifted 

frequencies is tlw t ransmission of speech and up to some radio frequency, transmitted as radio 
music, it would be vet y convenient if the audio waves, and shifted back down to the audio spec-
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trum at the receiving point. Suppose the audio 
signal to be transmitted by radio is a pure 1000-
cycle tone, and we wish to transmit it at some 
frequency around 1 Mc. ( 1,000,000 cycles). One 
possible way might be to add 1,000,000 cycles 
and 1,000 cycles together, thereby obtaining a 
radio frequency of 1,001,000 cycles. Unfortu-
nately, no simple method for doing such a thing 
directly has ever been devised, although the effect 
is obtained and used in some advanced commu-
nications techniques. 

Actually, when two different frequencies are 
present simultaneously in an ordinary circuit 
(specifically, one in u hich Ohm's Law holds) each 
behaves as though the other were not there. It is 
true that the total or resultant voltage (or cur-
rent) in the circuit will be the sum of the instan-
taneous values of the two at every instant. This 
is because there can be only one value of current 
or voltage at any single point in a circuit at any 
instant. Fig. 2-52A and B show two such fre-
quencies, and C shows the resultant. The ampli-
tude of the 1,000,000-cycle current is not affected 
by the presence of the 1000-cycle current, but 
merely has its axis shifted back and forth at the 
1000-cycle rate. An attempt to transmit such a 
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Fig. 242 — Amplitude-vs.-time and amplitude-vs.-
frequency plots of various signals. (A) 1% cycles of a 
1000-cycle signal. (B) A 1,000,000-cycle signal plotted 
to the same scale as A. Because there are 1500 cycles 
during this time, they cannot be shown accurately. 
(C) The signals of A and B flowing in the same circuit. 
(D) The signals of A and B combined in a circuit where 
A can control the amplitude of B. The 1,000,000-cycle 
signal is modulated by the 1000-cycle signal. (E), (F), 
(G), (H) Amplitude-vs.-frequency plots of the signals 
in A, B, C and D. 

combination as a radio wave would result simply 
in the transmission of the 1,000,000-cycle fre-
quency, since the 1000-cycle frequency retains its 
identity as an audio frequency and hence will not 
be radiated. 
There are devices, however, which make it pos-

sible for one frequency to control the amplitude 
of the other. If, for example, a 1000-cycle tone 
is used to control a 1-Mc, signal, the maximum 
r.f. output m ill be obtained when the 1000-cycle 
signal is at one peak and the minimum will occur 
at its other peak. The process is called amplitude 
modulation, and the effect is shown in Fig. 2-52D. 
The resultant signal is now entirely at radio fre-
quency, but with its amplitude varying at the 
modulation rate (1000 cycles). Receiving equip-
ment adjusted to receive the 1,000,000-cycle r.f. 
signal can reproduce these changes in amplitude, 
and thus tell what the audio signal is, through a 
process called detection or demodulation. 

It might be assumed that the only radio fre-
quency present in such a signal is the original 
1,000,000 cycles, but such is not the case. It will 
be found that two new frequencies have ap-
peared. These are the sum ( 1,000,000 1000) 
and difference ( 1,000,000 — 1000) frequencies, 
and hence the radio frequencies appearing in the 
circuit after modulation are 999,000, 1,000,000 
and 1,001,000 cycles. 
Many circuits have been devised for obtaining 

amplitude modulation, and they will be treated 
in detail in later chapters. When an audio fre-
quency is used to control the amplitude of a radio 
frequency, the process is generally called "ampli-
tude modulation," as mentioned previously, but 
when a radio frequency modulates another radio 
frequency it is called heterodyning. However, 
the processes are identical. A general term for the 
sum and difference frequencies generated during 
heterodyning or amplitude modulation is "beat 
frequencies," and a more specific one is upper side 
frequency, for the sum frequency, and lower side 
frequency for the difference frequency. 

In the simple example, the modulating signal 
was assumed to be a pure tone, but the modulat-
ing signal can just as well be a band of frequencies 
making up speech or music. In this case, the side 
frequencies are grouped into what are called the 
upper sideband and the lower sideband. In any 
case, the frequency that is modulated is called the 
carrier frequency. 

In A, B, C and D of Fig. 2-52, the sketches are 
obtained by plotting amplitude against time. 
However, it is equally helpful to be able to visual-
ize the spectrum, or what a plot of amplitude vs. 
frequency looks like, at any given instant of time. 
E, F, G and H of Fig. 2-52 show the signals of 
Fig. 2-52A, B, C and D on an amplitude-vs.-
frequency basis. Any one frequency is, of course, 
represented by a vertical line. Fig. 2-52H shows 
the side frequencies appearing as a result of the 
modulation process. 
Amplitude modulation (AM) is not the only 

possible type nor is it the only one in use. This 
and other types of modulation are treated in 
detail in later chapters. 



CHAPTER 3 

Vacuum-Tube Principles 
• CURRENT IN A VACUUM 
The outstanding difference between the 

vacuum tube and most other electrical devices 
is that the electric current does not flow through 
a conductor but through empty space — a 
vacuum. This is only possible when "free" 
electrons — that is, electrons that are not at-
tached to atoms — are somehow introduced 
into the vacuum. Free electrons in an evac-
uated space will be attracted to a positively-
charged object within the same space, or will 
be repelled by a negatively-charged object. 
The movement of the electrons under the at-
traction or repulsion of such charged objects 
constitutes the current in the vacuum. 
The most practical way to introduce a suffi-

ciently-large number of electrons into the 
evacuated space is by thermionic emission. 

Thermionic Emission 

If a thin wire or filament is heated to in-
candescence in a vacuum, electrons near the 
surface are given enough energy of motion to 
fly off into the surrounding space. The higher 
the temperature, the greater the number of 
electrons emitted. A more general name for the 
filament is cathode. 

If the cathode is the only thing in the vacuum, 
most of the emitted electrons stay in its imme-
diate vicinity, forming a "cloud" about the 
cathode. The reason for this is that the elec-
trons in the space, being negative electricity, 
form a negative charge (space charge) in the 
region of the cathode. The space charge repels 

Representative tube types. The miniature, metal 
envelope and small glass tubes in the foreground are 
receiving types. The two tubes with connections at the 
top of the bulb, lying down, are transmitting triodes of 
 derate power ratings. Those in the rear are trans-
mitting-type beam tetrodes. 
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those electrons nearest the cathode, tending to 
make them fall back on it. 
Now suppose a second conductor is intro-

duced into the vacuum, but not connected to 
anything else inside the tube. If this second 
conductor is given a positive charge by con-
necting a source of e.m.f. between it and the 

Direction 
of flow 
Hot 

Filament 
Positive 
plate 

Fig. 3-1 — Conduction by thermionic emission in a 
vacuum tube. One battery is used to heat the filament to 
a temperature that will cause it to emit electrons. The 
other battery makes the plate positive with respect to 
the filament, thereby causing the emitted electrons to he 
attracted to the plate. Electrons captured by the plate 
llom back through the battery to the filament. 

cathode, as indicated in Fig. 3-1, electrons emitted 
by the cathode are attracted to the positively-
charged conductor. An electric current then 
flows through the circuit formed by the cathode, 
the charged conductor, and the source of e.m.f. 
ln Fig. 3-1 this e.m.f. is supplied by a battery 
("B" battery); a second battery ("A" battery) 
is also indicated for heating the cathode or 
filament to the proper operating temperature. 
The positively-charged conductor is usually 

a metal plate or cylinder (surrounding the 
cathode) and is called an anode or plate. Like 
the other working parts of a tube, it is a tube 
element or electrode. The tube shown in Fig. 
3-1 is a two-element or two-electrode tube, 
one element being the cathode or filament and 
the other the anode or plate. 

Since electrons are negative electricity, they 
will be attracted to the plate only when the 
plate is positive with respect to the cathode. 
If the plate is given a negative charge, the 
electrons will be repelled back to the cathode 
and no current will flow. The vacuum tube 
therefore can conduct only in one direction. 

Cathodes 

Before electron emission can occur, the 
cathode must be heated to a high temperature. 
However, it is not essential that the heating cur-



VACUUM-TUBE PRINCIPLES 

(A) (B) (C) (D) (E) 
Fig. 3-2 — Types of cathode construction. Directly-heated 
cathodes or filaments are shown at A, 8, and C. The inverted V 
filament is used in small receiving tubes, the M in both receiving 
and transmitting tubes. The spiral filament is a transmitting-
tube type. The indirectly-heated cathodes at D and E show 
two types of heater construction, one a twisted loop and the 
other bunched heater wires. Both types tend to cancel the 
magnetic fields set up by the current through the heater. 

rent flow through the actual material that does 
the emitting; the filament or heater can be 
electrically separate from the emitting cathode. 
Such a cathode is called indirectly heated, while 
an emitting filament is called directly heated. 
Fig. 3-2 shows both types in the forms in which 
they are commonly used. 
Much greater electron emission can be ob-

tained, at relatively low temperatures, by using 
special cathode materials rather than pure metals. 
One of these is thoriated tungsten, or tungsten 
in which thorium is dissolved. Still greater 
efficiency is achieved in the oxide-coated cath-
ode, a cathode in which rare-earth oxides 
form a coating over a metal base. 

Although the oxide-coated cathode has much 
the highest efficiency, it can be used successfully 
only in tubes that operate at rather low plate 
voltages. Its use is therefore confined to receiv-
ing-type tubes and to the smaller varieties of 
transmitting tubes. The thoriated filament, on 
the other hand, will operate well in high-voltage 
tubes. 

Plate Current 

If there is only a small positive voltage on the 
plate, the number of electrons reaching it will 
be small because the space charge (which is 
negative) prevents those electrons nearest the 
cathode from being attracted to the plate. As 
the plate voltage is increased, the effect of the 
space charge is increasingly overcome and the 
number of electrons attracted to the plate be-
comes larger. That is, the plate current increases 
with increasing plate voltage. 

Fig. 3-3 shows a typical plot of plate 
current vs. plate voltage for a two-ele-
ment tube or diode. A curve of this type 
can be obtained with the circuit shown, 
if the plate voltage is increased in small 
steps and a current reading taken (by 
means of the current-indicating instru-
ment — a "milliammeter") at each volt-
age. The plate current is zero with no 
plate voltage and the curve rises until a 
saturation point is reached. This is where 
the positive charge on the plate has sub-
stantially overcome the space charge and 
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almost all the electrons are going to the 
plate. At higher voltages the plate current 
stays at practically the saine value. 
The plate voltage multiplied by the 

plate current is the power input to the tube. 
In a circuit like that of Fig. 3-3 this power 
is all used in heating the plate. If the power 
input is large, the plate temperature may 
rise to a very high value (the plate may 
become red or even white hot). The heat 
developed in the plate is radiated to the 
bulb of the tube, and in turn radiated by 
the bulb to the surrounding air. 

• RECTIFICATION 
Since current can flow through a tube in 

only one direction, a diode can be used to 
change alternating current into direct current. It 
does this by permitting current to flow when the 
plate is positive with respect to the cathode, 
but by shutting off current flow when the plate 
is negative. 

Fig. 3-4 shows a representative circuit. Al-
ternating voltage from the secondary of the 
transformer, T, is applied to the diode tube in 
series with a load resistor, R. The voltage 
varies as is usual with a.c., but current flows 
through the tube and R only when the plate 
is positive with respect to the cathode — that 
is, during the half-cycle when the upper end of 
the transformer winding is positive. During the 
negative half-cycle there is simply a gap in the 
current flow. This rectified alternating current 
therefore is an intermittent direct current. 
The load resistor, R, represents the actual 

circuit in which the rectified alternating current 
does work. All tubes work into a load of one 
type or another; in this respect a tube is much 
like a generator or transformer. A circuit that 
did not provide a load for the tube would be 
like a short-circuit across a transformer; no 
useful purpose would be accomplished and the 
only result would be the generation of heat 
in the transformer. So it is with vacuum tubes; 
they must deliver power to a load in order to 
serve a useful purpose. Also, to be efficient most 
of the power must do useful work in the load 
and not be used in heating the plate of the tube. 
This means that most of the voltage should ap-
pear as a drop across the load rather than as a drop 
between the plate and cathode. 

8 
Fig. 3-3 — The diode, or two-element tube, and a typical curve 
showing how the plate current depends upon the voltage applied 
to the plate. 
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With the diode connected 
as shown in Fig. 3-4, the 
polarity of the voltage drop 
across the load is such that 
the end of the load nearest the 
cathode is positive. If the 
connections to the diode ele-
ments are reversed, the direc-
tion of rectified current flow 
also will be reversed through 
the load. 

• TRIODES 
Grid Con trol 

If a third element — called the control grid, 
or simply grid — is inserted between the cath-
ode and plate as in Fig. 3-.5, it can be used to 
control the effect of the space charge. If the 
grid is given a positive voltage with respect to 
the cathode, the positive charge will tend to 
neutralize the negative space charge. The 

Fig. 3-4 — Rectification in a diode. 
Current flows only when the plate 
is positive with respect to the 
cathode, so that only half-cycles of 
current flow through the load re-
sistor, R. 

Current 

Vacuum-Tube Amplifiers 

Fig. 3-5 — Construction of an 
elementary triode vacuum tube, 
show ing the filament, grid (with 
an end view of ( lw grid wires) and 
plate. The relati. e density of the 
space charge is indicated roughly 

the dot density. 

result is that, at any selected plate voltage, 
more electrons will flow to the plate than if the 
grid were not present. On the other hand, if 
the grid is made negative with respect to the 
cathode the negative charge on the grid will 
add to the space charge. This will reduce the 
number of electrons that can reach the plate 
at any selected plate voltage. 
The grid is inserted in the tube to control 

the space charge and not to attract 
electrons to itself, so it is made in the 
form of a wire mesh or spiral. Elec-
trons then can go through the open 
spaces in the grid to reach the plate. 

Characteristic Curves 

For any particular tube, the effect 
of the grid voltage on the plate cur-
rent can be shown by a set of char-
acteristic curves. A typical set of 
curves is shown in Fig. 3-6, together 
with the circuit that is used for get-
ting them. For each value of plate 
voltage, there is a value of negative 
grid voltage that will reduce the 
plate current to zero; that is, there is 
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a value of negative grid voltage that ‘vill cut off 
the plate current. 
The curves could be extended by making the 

grid voltage positive as well as negative. When 
the grid is negative, it repels electrons and there-
fore none of them reaches it; in other words, no 
current flows in the grid circuit. However, when 
the grid is positive, it attracts electrons and a 
current (grid current) flows, just as current flows 
to the positive plate. Whenever there is grid 
current there is an accompanying power loss in 
the grid circuit, but so long as the grid is negative 
no power is used. 

It is obvious that the grid can act as a valve 
to control the flow of plate current. Actually, 
the grid has a much greater effect on plate 
current flow than does the plate voltage. A 
small change in grid voltage is just as effective 
in bringing about a given change in plate current 
as is a large change in plate voltage. 
The fact that a small voltage acting on the 

grid is equivalent to a large voltage acting on 
the plate indicates the possibility of amplifica-
tion with the triode tube. The many uses of 
the electronic tube nearly all are based upon 
this amplifying feature. The amplified output 
is not obtained from the tube itself, but from the 
source of e.m.f. connected between its plate and 
cathode. The tube simply controls the power from 
this source, changing it to the desired form. 
To utilize the controlled power, a load must 

be connected in the plate or "output" circuit, 
just as in the diode case. The load may be 

e 
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F. g 3-6 — Grid-voltage-m-plate-current curves at various fixed values 
of plate voltage (Ei.) for a typical small triode. Characteristic curves of 
tl is type can be taken by varying the battery voltages in the circuit 
at the right. 

o 
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either a resistance or an impedance. The term 
"impedance" is frequently used even when 
the load is purely resistive. 

• Tube Characteristics 

The physical construction of a triode deter-
mines the relative effectiveness of the grid 
and plate in controlling the plate current. If a 
very small change in the grid voltage has just 
as much effect on the plate current as a very 
large change in plate voltage, the tube is said 
to have a high amplification factor. Amplifica-
tion factor is commonly designated by the 
Greek letter An amplification factor of 20, 
for example, means that if the grid voltage is 
changed by 1 volt, the effect on the plate cur-
rent will be the same as when the plate voltage 
is changed by 20 volts. The amplification factors 
of triode tubes range from 3 to 100 or so. A high-m 
tube is one u ith an amplification factor of per-
haps 30 or more; medium-ii tubes have ampli-
fication factors in the approximate range 8 to 30, 
and low-1z tubes in the range below 7 or 8. 

It would be natural to think that a tube 
that has a large a would be the best amplifier, 
but to obtain a high g it is necessary to construct 
the grid with many t urns of wire per inch, or in 
the form of a fine mesh. This leaves a relatively 
small open area for electrons to go through to 
reach the plate, so it is difficult for the plate to 
attract large numbers of electrons. Quite a large 
change in the plate voltage must be made to 
effect a given change in plate current. This 
means that the resistance of the plate-cathode 
path — that is, the plate resistance — of the 
tube is high. Since this resistance acts in series 
with the load, the amount of current that can 
be made to flow through the load is relatively 
small. On the other hand, the plate resistance 
of a low-g tube is relatively low. 
The best all-around indication of the effec-

tiveness of the tube as an amplifier i its trans-
conductance — also called mutual conductance. 
This characteristic takes account of both am-
plification factor and plate resistance, and there-
fore is a figure of merit for the tube. Transconduct-
ance is the change in plate current divided by the 
change in grid voltage that causes the plate-
current change (the plate voltage being fixed at 
a desired value). Since current divided by voltage 
is conductance, transconductance is measured in 
the unit of conductance, the mho. Practical 
values of transconductance are very small, so 
the micromho (one-millionth of a mho) is the 
commonly-used unit. Different types of tubes 
have transconductances ranging from a few 
hundred to several thousand. The higher the 
transeonduetan ye the greater the possible am-
plification. 

• AMPLIFICATION 
The way in which a tube amplifies is best 

shown by a type of graph called the dynamic 
characteristic. Snell a graph, together with the 

circuit used for obtaining it, is shown in Fig. 3-7. 
The curves are taken with the plate-supply 
voltage fixed at the desired operating value. The 
difference between this circuit and the one shown 
in Fig. 3-6 is that in Fig. 3-7 a load resistance is 
connected in series with the plate of the tube. 
Fig. :1-7 thus shows how the plate current will 
vary, with different grid voltages, when the plate 
connu t is made to flow through a load and thus 
do useful work. 
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/tilt 3-7— Dynamic characteristics of a small triode 
ith various load resistances from 5000 to 100,000 ohms. 

The several curves in Fig. 3-7 are for various 
values of load resistance. When the resistance is 
small (as in the case of the 5000-ohm load) the 
plate current changes rather rapidly with a 
given change in grid voltage. If the load resistance 
is high (as in the 100,000-ohm curve), the change 
in plate current for the sanie grid-voltage change 
is relatively small, so the curve tends to be 
straighter. 

Fig. 3-8 is the same type of curve, but with 
the circuit arranged so that a source of alternating 
voltage (signal) is inserted between the grid and 
the grid battery ("C" battery). The voltage of 
the grid battery is fixed at —5 volts, and from 
the curve it is seen that the plate current at this 
grid voltage is 2 milliamperes. This current flows 
when the load resistance is 50,000 ohms, as 
indicated in the circuit diagram. If there is no 
a.c. signal in the grid circuit, the voltage drop in 
the load resistor is 50,000 X 0.002 = 100 volts, 
leaving 200 volts between the plate and cathode. 
When a sine-wave signal having a peak value of 

2 volts is applied in series with the bias voltage 
in the grid circuit, the instantaneous voltage at 
the grid will swing to —3 volts at the instant the 
signal reaches its positive peak, and to —7 volts 
at the instant the signal reaches its negative 
peak. The maximum plate eurrent will occur at 
the instant the grid voltage is —3 volts. As shown 
by the graph, it will have a value of 2.65 milli-
amperes. The minimum plate current occurs at 
the instant the grid voltage is —7 volts, and has 
a value of 1.35 ma. At intermediate values of 
grid voltage, intermediate plate-current values 
will occur. 
The instantaneous voltage between the plate 
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Fig. 3-8 — Amplifier operation. When the plate current 
varies in response to the signal applied to the grid, a 
varying voltage droo oo-ars across the load, 
shown by the dashed '111,1, Ep. I., is the plate current. 

and cathode of the tube also is shown on the 
graph. When the plate current is maximum, 
the instantaneous voltage drop in Rp is 50,000 
X 0.00265 =-- 132.5 volts; when the plate cur-
rent is minimum the instantaneous voltage 
drop in k, is 50,000 X 0.00135 67.5 volts. 
The actual voltage between plate and cathode 
is the difference between the lilato-,mpply Po-
tential, 300 volts, and the voltage drop in the 
load resistance. The plate-to-cathode voltage 
is therefore 167.5 volts at maximum plate current 
and 232.5 volts at minimum plate current. 

This varying plate voltage is an a.c. voltage 
superimposed on the steady plate-cathode poten-
tial of 200 volts (as previously determined for 
no-signal conditions). The peak value of this a.c. 
output voltage is the difference between either 
the maximum or minimum plate-cathode voltage 
and the no-signal value of 200 volts. In the illus-
tration this difference is 232.5 — 200 or 200 — 
167.5; that is, 32.5 volts in either case. Since the 
grid signal voltage has a peak value of 2 volts, the 
voltage-amplification ratio of the amplifier is 
32.5/2 or 16.25. That is, approximately 16 times 
as much voltage is obtained from the plate circuit 
as is applied to the grid circuit. 

As shown by the drawings in Fig. :1-8, the 
alternating component of the plate voltage 
swings in the negative direction (with reference to 
the no-signal value of plate-cathode voltage) 
when the grid voltage swings in the positive 
direction, and vice versa. This means that the 
alternating component of plate voltage (that is, 
the amplified signal) is 180 degrees out of phase 
with the signal voltage on the grid. 

CHAPTER 3 

Bias 

The fixed negative grid voltage (called grid 
bias) in Fig. 3-8 serves a very useful purpose. 
One object of the type of amplification shown in 
this drawing is to obtain, from the plate circuit, 
an alternating voltage that has the same wave-
shape as the signal voltage applied to the grid. 
To do so, an Operating point on the straight part 
of the curve must be selected. The curve must be 
straight in both directions from the operating 
point at least far enough to accommodate the 
maximum value of the signal applied to the grid. 
If the grid signal swings the plate current back 
and forth over a part of the curve that is not 
straight, as in Fig. 3-9, the shape of the a.c. 
wave in the plate circuit will not be the same as 
the shape of the grid-signal wave. In such a case 
the output waveshape m ill be distorted. 
A second reason for using negative grid bias is 

that any signal whose peak positive voltage does 
not exceed the fixed negative voltage on the grid 
cannot cause grid current to flow. With no cur-
rent flow there is no power consumption, so the 
tube will amplify without taking any power from 
the signal source. (However, if the positive peak 
of the signal does exceed the negative bias, cur-
rent will flow in the grid circuit during the time 
the grid is positive.) 

Distortion of the output waveshape that 
results from working over a part of the curve that 
is not straight (that is, a nonlinear part of the 
curve) has the effect of transforming a sine-wave 
grid signal into a more complex waveform. As 
explained in an earlier chapter, a complex wave 
can be resolved into a fundamental and a series 
of harmonics. In other words, distortion from 
nonlinearity causes the generation of harmonic 
frequencies — frequencies that are not present 
in the signal applied to the grid. Harmonic dis-
tortion is undesirable in most amplifiers although 
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Fig. 3-9— Harmonic distortion resulting from choice 
of an operating point on the i-w il part of the tube 
characteristic. The lomer I,f plate current does 
not have the same shape as the upper half-cycle.. 
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there are occasions when harmonics are deliber-
ately generated and used. 

Amplifier Output Circuits 

The useful output of a vacuum-tube amplifier 
is the alternating component of plate current or 
plate voltage. The d.c. voltage on the plate of the 
tube is essential for the tube's operation, but it 
almost invariably would cause difficulties if it 
were applied, along with the a.c. output voltage, 
to the load. The output circuits of vacuum tubes 
are therefore arranged so that the a.c. is trans-
ferred to the load but the d.c. is not. 

Three types of coupling are in common use at 
audio frequencies. These are resistance coupling, 
impedance coupling, and transformer coupling. 
They are shown in Fig. 3-10. In all three cases 
the output is shown coupled to the grid circuit of 
a subsequent amplifier tube, but the same types 
of circuits can be used to couple to other devices 
than tubes. 

In the resistance-coupled circuit, the a.c. 
voltage developed across the plate resistor I?„ 
(that is, between the plate and cathode of the 
tube) is applied to a second resistor, R„, through 
a coupling condenser, Co. The condenser "blocks 
off" the d.c. voltage on the plate ( if the first tube 
and prevents it from being applied to the grid of 
tube B. The latter tube has negative grid bias 
supplied by the battery shown. No current flows 
in the grid circuit of tube B and there is therefore 
no d.c. voltage drop in R.; in other words, the 
full voltage of the bias battery is applied to the 
grid of tube B. 
The grid resistor, R„, usually has a rather high 

value (0.5 to 2 naegohms). The reactance of the 
coupling condenser, Co, must be low enough 
compared with the resistance of Rg so that the 
a.c. voltage drop in Cc is negligible at the lowest 
frequency to be amplified. If R a is at least 0.5 
megohm, a 0.1-mfd. condenser will be amply large 
for the usual range of audio frequencies. 
So far as the alternating component of plate 

voltage is concerned, it will be realized that if the 
voltage drop in C. is negligible then R, and Rg 
are effectively in parallel (although they are 
quite separate so far as d.c. is concerned). The 
resultant parallel resistance of the two is there-
fore the actual load resistance for the tube. That 
is why Rg is made as high in resistance as possi-
ble; then it will have the least effect on the load 
represented by R,,. 
The impedance-coupled circuit differs from 

that using resistance coupling only in the sub-
stitution of a high-inductance coil (usually sev-
eral hundred henrys for audio frequencies) for the 
plate resistor. The advantage of using an in-
ductance rather than a resistor is that its im-
pedance is high for alternating currents, but its 
resistance is relatively low for d.c. It thus permits 
obtaining a high value of load impedance for a.c. 
without an excessive d.c. voltage drop that 
would use up a good deal of the voltage from the 
plate supply. 
The transformer-coupled amplifier uses a trans-

former with its primary connected in the plate 
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Fig. 3-10 — Three basic forms of coupling between 
vacuum-tube amplifiers. 

circuit of the tube and its secondary connected 
to the load (in the circuit shown, a following 
amplifier). There is no direct connection between 
the two windings, so the plate voltage on tube A 
is isolated from the grid of tube B. The trans-
former-coupled amplifier has the same advantage 
as the impedance-coupled circuit with respect to 
loss of voltage from the plate supply. Also, if the 
secondary has more turns than the primary, the 
output voltage will be "stepped up" in propor-
tion to the turns ratio. 

Resistance coupling is simple, inexpensive, and 
will give the same amount of amplification — or 
voltage gain — over a wide range of frequencies; 
it will give substantially the saine amplification 
at any frequency in the audio range, for example. 
Impedance coupling will give somewhat more 
gain, with the same tube and same plate-supply 
voltage, than resistance coupling. However, it is 
not quite so good over a wide frequency range; 
it tends to "peak," or give maximum gain, over 
a comparatively narrow band of frequencies. 
With a good transformer the gain of a trans-
former-coupled amplifier can be kept fairly 
constant over the audio-frequency range. On the 
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other hand, transformer coupling in voltage 
amplifiers (see below) is best suited to triodes 
having amplification factors of about 10 or less, 
for the reason that the primary inductance of a 
practicable transformer cannot be made large 
enough to work well with a tube having high 
plate resistance. 
An amplifier in which voltage gain is the pri-

mary consideration is called a voltage amplifier. 
Maximum voltage gain is secured when the load 
resistance or impedance is made as high as pos-
sible in comparison with the plate resistance of 
the tube. In such a ease, the major portion of the 
voltage generated will appear across the load and 
only a relatively small part will be "lost" in the 
plate resistance. 

Voltage amplifiers belong to a group called 
Class A amplifiers. A Class A amplifier is one 
operated so that the waveshape of the output 
voltage is the same as that of the signal voltage 
applied to the grid. If a Class A amplifier is 
biased so that the grid is always negative, even 
with the largest signal to be handled by the grid, 
it is called a Class A1 amplifier. Voltage ampli-
fiers are always Class A1 amplifiers, and their 
primary use is in driving a following Class Ai 
amplifier. 

Power Amplifiers 

The end result of any amplification is that the 
amplified signal does some work. For example, an 
audio-frequency amplifier usually drives a loud-
speaker that in turn produces sound waves. The 
greater the amount of a.f. power supplied to the 
'speaker, the louder the sound it will produce. 

Output 
Transformer 

SInal 

t 

1.1-

Load 

Fig. 3-11 — An elementary power-amplifier circuit in 
which the power-consmning load is coupled to the plate 
circuit through an impedance-matching transformer. 

Fig. 3-11 shows an elementary power-amplifier 
circuit. It is simply a transformer-coupled ampli-
fier with the load connected to the secondary. 
Although the load is shown as a resistor, it 
actually would be some device, such as a loud-
speaker, that employs the power usefully. Every 
power tube requires a specific value of load 
resistance from plate to cathode, usually some 
thousands of ohms, for optimum operation. The 
resistance of the actual load is rarely the right 
value for "matching" this optimum load re-
sistance, so the transformer turns ratio is chosen 
to reflect the proper value of resistance into the 
primary. The turns ratio may be either step-up 
or step-down, depending on whether the actual 
load resistance is higher or lower than the load 
the tube wants. 

The power-amplification ratio of an ampli-
fier is the ratio of the power output obtained 
from the plate circuit to the power required 
from the a.c. signal in the grid circuit. There is 
no power lost in the grid circuit of a Class A1 
amplifier, so such an amplifier has an infinitely 
large power-amplification ratio. However, it is 
quite possible to operate a Class A amplifier 
in such a way that current flows in its grid 
circuit during at least part of the cycle. In such 
a case power is used up in the grid circuit and 
the power amplification ratio is not infinite. 
A tube operated in this fashion is known as a 
Class A2 amplifier. It is necessary to use a power 
amplifier to drive a Class A2 amplifier, because a 
voltage amplifier cannot deliver power without 
serious distortion of the wave-shape. 

Another term used in connection with power 
amplifiers is power sensitivity. In the ease of a 
Class A1 amplifier, it means the ratio of power 
output to the grid signal voltage that causes it. 
If grid current flows, the term usually means 
the ratio of plate power output to grid power 
input. 
The a.c. power that is delivered to a load by 

an amplifier tube has to be paid for in power 
taken from the source of plate voltage and 
current. In fact, there is always more power 
going into the plate circuit of the tube than is 
coming out as useful output. The difference 
between the input and output power is used up 
in heating the plate of the tube, as explained 
previously. The ratio of useful power output 
to d.c. plate input is called the plate efficiency. 
The higher the plate efficiency, the greater the 
amount of power that can be taken from a tube 
having a fixed plate-dissipation rating. 

Parallel and Push-Pull 

When it is necessary to obtain more power 
output than one tube is capable of giving, two 
or more similar tubes may be connected in 
parallel. In this case the similar elements in all 
tubes are connected together. This method is 
shown in Fig. 3-12 for a transformer-coupled 
amplifier. The power output is in proportion 
to the number of tubes used; the grid signal 
or exciting voltage required, however, is the 
same as for one tube. 

If the amplifier operates in such a way as to 
consume power in the grid circuit, the grid power 
required is in proportion to the number of tubes 
used. 
An increase in power output also can be 

secured by connecting two tubes in push-pull. 
In this case the grids and plates of the two 
tubes are connected to opposite ends of a balanced 
circuit as shown in Fig. 3-12. At any instant the 
ends of the secondary winding of the input 
transformer, 7'1, will be at opposite polarity 
with respect to the cathode connection, so the 
grid of one tube is swung positive at the same 
instant that the grid of the other is swung 
negative. Hence, in any push-pull-connected 
amplifier the voltages and currents of one tube 
are out of phase with those of the other tube. 



VACUUM-TUBE PRINCIPLES 59 

PARALLEL 

PUSH- PULL 

Fig. 3-12 — Parallel and push-pull a.f. amplifier circuits. 

In push-pull operation the even-harmonic 
(second, fourth, etc.) distortion is balanced out 
in the plate circuit. This means that for the 
same power output the distortion will be less 
than with parallel operation. 
The exciting voltage measured between the 

two grids must be twice that required for one 
tube. If the grids consume power, the driving 
power for the push-pull amplifier is twice that 
taken by either tube alone. 

Cascade Amplifiers 

It is readily possible to take the output of one 
amplifier and apply it as a signal on the grid of 
a second amplifier, then take the second ampli-
fier's output and apply it to a third, and so on. 
Each amplifier is called a stage, and a number 
of stages used successively are said to be in 
cascade. 

Class B Amplifiers 

Fig. 3-13 shows two tubes connected in a 
push-pull circuit. If the grid bias is set at the 
point where (when no signal is applied) the 
plate current is just cut off, then a signal can 
cause plate current to flow in either tube only 
when the signal voltage applied to that par-
ticular tube is positive. Since in the balanced 
grid circuit the signal voltages on the grids of 
the two tubes always have opposite polarities, 
plate current flows only in one tube at a time. 
The graphs show the operation of such an 

amplifier. The plate current of tube B is drawn 
inverted to show that it flows in the opposite 
direction, through the primary of the output 
transformer, to the plate current of tube .4. 
Thus each half of the output-transformer pri-
mary works alternately to induce a half-cycle 
of voltage in the secondary. In the secondary 
of the original waveform is restored. This 
type of operation is called Class B amplification. 
The Class B amplifier is considerably more 

efficient than the Class A amplifier. Further-

more, the d.c. plate current of a Class B am-
plifier is proportional to the signal voltage on 
the grids, so the power input is small with small 
signals. The d.c. plate power input to a Class A 
amplifier is the same whether the signal is large, 
small, or absent altogether; therefore the maxi-
mum input that can be applied to a Class A 
amplifier is equal to the rated plate dissipation 
of the tube or tubes. Two tubes in a Class B 
amplifier can deliver approximately twelve times 
as much audio power as the same two tubes in 
a Class A amplifier. 
A Class B amplifier usually is operated in 

such a way as to secure the maximum possible 
power output. This requires rather large values 
of plate current and to obtain them the grids 
must be driven positive with respect to the 
cathode during at least part of the cycle, so grid 
current flows and the grid circuit consumes 
power. While the power requirements are fairly 
low (as compared with the power output), the 
fact that the grids are positive during only part 
of the cycle means that the load on the preceding 
amplifier or driver stage varies in magnitude 
during the cycle; the effective load resistance is 
high when the grids are not drawing current and 
relatively low when they do take current. This 
must be allowed for when designing the driver. 

Certain types of tubes have been designed 
specifically for Class B service and can be 
operated without fixed or other form of grid 
bias ("zero-bias" tubes). The amplification factor 
is so high that the plate current is small without 
signal. Because there is no fixed bias, the grids 
start drawing current immediately whenever a 
signal is applied, so the grid-current flow is 
continuous throughout the cycle. This makes the 
load on the driver much more constant than is 
the case with tubes of lower µ biased to plate-
current eut-off. 

Class B amplifiers used at radio frequencies 
are known as linear amplifiers because they are 
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Fig. 3-13 — Class B amplifier operation. 
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adjusted to operate in such a way that the power 
output is proportional to the square of the r.f. 
exciting voltage. This permits amplification of 
a modulated r.f. signal without distortion. Push-
pull is not required in this type of operation; a 
single tube can be used equally well. 

Class AB Amplifiers 

A Class AB amplifier is a push-pull amplifier 
with higher bias than would be normal for pure 
Class A operation, but less than the cut-off 
bias required for Class B. At low signal levels 
the tubes operate practically as Class A am-
plifiers, and the plate current is the same with or 
without signal. At higher signal levels, the plate 
current of one tube is cut off during part of the 
negntive cycle of the signal applied to its grid, 
and the plate current of the other tube rises u ith 
the signal. The plate current for the whole 
amplifier also rises above the no-signal level 
when a large signal is applied. 

In a properly-designed Class AB amplifier 
the distortion is as low as with a Class A stage, 
but the efficiency and power output are con-
siderably higher than with pure Class A opera-
tion. A Class AB amplifier can be operated 
either with or without driving the grids into 
the positive region. A Class AB' amplifier is 
one in which the grids are never positive with 
respect to the cathode; therefore, no driving 
power is required — only voltage. A Class AB2 
amplifier is one that has grid-current flow during 
part of the cycle if the applied signal is large; 
it takes a small amount of driving power. The 
Class AB2 amplifier will deliver somewhat more 
power (using the same tubes) but the Class Alit 
amplifier avoids the problem of designing a driver 
that will deliver power, without distortion, into 
a load of highly-variable resistance. 

Operating Angle 

Inspection ( if Fig. ;;- 13 shows that either of 
the two tubes actually is working for only half 
the a.c. cycle and idling during the other half. 
It is convenient to describe the amount of time 
during which plate current flows in terms of 
electrical degrees. In Fig. 3-13 each tube has 
"180-degree" excitation, a half-cycle being equal 
to 180 degrees. The number of degrees during 
which plate current flows is called the operating 
angle of the amplifier. From the descriptions 
given above, it should be clear that a Class A 
timplifier has 360-degree excitation, because plate 
current flows during the whole cycle. In a Class 
AB amplifier the operating angle is between 180 
and 360 degrees (in each tube) depending on the 
particular operating conditions chosen. The 
greater the amount of negative grid bias, the 
smaller the operating angle becomes. 
An operating angle of less than 180 degrees 

leads to a considerable amount of distortion, 
because there is no way for the tube to reproduce 
even a half-cycle of the signal on its grid. Using 
two tubes in push-pull, as in Fig. 3-13, would 
merely put together two distorted half-cycles. 
An operating angle of less than ISO degrees 

therefore cannot be used if distortionless output 
is wanted. 

Class C Amplifiers 

In power amplifiers operating at radio fre-
quencies distortion of the r.f. waveform is rela-
tively unimportant. For reasons described later 
in this chapter, an r.f. amplifier must be operated 
with tuned circuits, and the selectivity of such 
circuits "filters out" the r.f. harmonics resulting 
from distortion. 
A radio-frequency power amplifier therefore 

can be used with an operating angle of less than 
180 degrees. This is called Class C operation. The 
advantage is that the plate efficiency is in-
creased, because the loss in the plate is propor-
tional, among other things, to the amount of 
time during which the plate current flows, and this 
time is reduced by decreasing the operating angle. 
Depending on the type of tube, the optimum 

load resistance for a Class C amplifier ranges 
from about 1500 to 5000 ohms. It is usually 
secured by using tuned-circuit arrangements, of 
the type described in the chapter on circuit 
fundamentals, to transform the resistance of the 
actual load to the value required by the tube. 
The grid is driven well into the positive region, 
so that grid current flows and power is consumed 
in the grid circuit. The smaller the operating 
angle, the greater the driving voltage and the 
larger the grid driving power required to develop 
full output in the load resistance. The best com-
promise between driving power, plate efficiency, 
and power output usually results u hen the 
minimum plate voltage (at the peak of the driv-
ing cycle, when the plate current reaches its 
highest value) is just equal to the peak positive 
grid voltage. Under these conditions the operat-
ing angle is usually from 150 to 180 degrees and 
the plate efficiency lies in the range of 70 to 80 
percent. While higher plate efficiencies are pos-
sible, attaining them requires excessive driving 
power and grid bias, together with higher plate 
voltage than is "normal" for the particular tube 
type. 
With proper design and adjustment, a Class C 

amplifier can be made to operate in such a way 
that the power input and output are proportional 
to the square of the applied plate voltage. This is 
an important consideration when the amplifier is 
to be plate-modulated for radiotelephony, as 
described in the chapter on amplitude modula-
tion. 

• FEED-BACK 
It is possible to take a part of the amplified 

energy in the plate circuit of an amplifier and 
insert it into the grid circuit. When this is done 
the amplifier is said to have feed-back. 

If the voltage that is inserted in the grid cir-
cuit is 180 degrees out of phase with the signal 
voltage acting on the grid, the feed-back is called 
negative, or degenerative. On the other hand, if 
the voltage is fed back in phase with the grid 
signal, the feed-back is called positive, or re-
generative. 
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Negative Feed-Back 

With negative feed-back the voltage that is fed 
back opposes the signal voltage. This decreases 
the amplitude of the voltage acting between the 
grid and cathode and thus has the effect of reduc-
ing the voltage amplification. That is, a larger 
exciting voltage is required for obtaining the 
same output voltage from the plate circuit. 
The greater the amount of negative feed-back 

(when properly applied) the more independent 
the amplification becomes of tube characteristics 
and circuit conditions. This tends to make the 
frequency-response characteristic of the amplifier 
fiat — that is, the amplification tends to be the 
saine at all frequencies within the range for 
which the amplifier is designed. Also, any distor-
tion generated in the plate circuit of the tube 
tends to "buck itself out." Amplifiers with nega-
tive feed-back are therefore comparatively free 
from harmonic distortion. These advantages are 
worth while if the amplifier otherwise has enough 
voltage gain for its intended use. 
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3.11 — Simple circuits for producing feed-back. 

In the circuit shown at A in Fig. 3-14 resistor 
R. is in series with the regular plate resistor, R5, 
and thus is a part of the load for the tube. There-
fore, part of the output voltage will appear across 
Re. However, Re also is connected in series with 
the grid circuit, and so the output voltage that 
appears across Re is in series with the signal 
voltage. The output voltage across R opposes 
the signal voltage, so the actual a.c. voltage 
between the grid and cathode is equal to the 
difference between the two voltages. 
The circuit shown at B in Fig. 3-14 can be used 

to give either negative or positive feed-back. The 
secondary of a transformer is connected back 
into the grid circuit to insert a desired amount of 
feed-back voltage. Reversing the terminals of 
either transformer winding (but not both simul-
taneously) will reverse the phase. 

Positive Feed-Back 

Positive feed-back increases the amplification 
because the feed-back voltage adds to the original 
signal voltage and t he resulting larger voltage on 

the grid causes a larger output voltage. The 
amplification tends to be greatest at one fre-
quency (depending upon the particular circuit 
arrangement) and harmonic distortion is in-
creased. If enough energy is fed back, a self-
sustaining oscillation — in which energy at essen-
tially one frequency is generated by the tube 
itself — will be set up. In such case all the signal 
voltage on the grid can be supplied from the 
plate circuit; no external signal is needed because 
any small irregularity in the plate current — and 
there are always some such irregularities — will 
be amplified and thus give the oscillation an 
opportunity to build up. Oscillations obviously 
would be undesirable in an ordinary audio-
frequency amplifier, and for that reason (as well 
as the others mentioned above) the use of positive 
feed-back is confined principally to "oscillators." 

• INTERELECTRODE CAPACITANCES 

Each pair of elements in a tube forms a small 
condenser, with each element acting as a con-
denser "plate." There are three such capacitances 
in a triode — that between the grid and cathode, 
that between the grid and plate, and that be-
tween the plate and cathode. The capacitances 
are very small — only a few micromicrofarads at 
most — but they frequently have a very pro-
nounced effect on the operation of an amplifier 
circuit. 

Input Capacitance 

It was explained previously that the a.c. grid 
voltage and a.c. plate voltage of an amplifier 
having a resistive load are 180 degrees out of 
phase, using the cathode of the tube as a reference 
point. However, these two voltages are in phase 
going around the circuit from plate to grid as 
shown in Fig. 3-15. This means that their sum is 
acting between the grid and plate; that is, across 
the grid-plate capacitance of the tube. 
As a result, a capacitive current flows around 

the circuit, its amplitude being directly propor-
tional to the sum of the a.c. grid and plate 
voltages and to the grid-plate capacitance. The 
source of grid signal must furnish this amount of 
current, in addition to the capacitive current that 
flows in the grid-cathode capacitance. Hence the 
signal source "sees" an effective capacitance that 
is larger than the grid-cathode capacitance. The 
greater the voltage amplification the greater this 
effective input capacitance. The input capari-
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Fig. 3-15 — The a.e. % gauge appearing betueen the 
grid and plate of the amplifier the :, uin of the signal 
voltage :Ind the output voltago. a: ,:hrti. 
',Wiled circuit. Iii:tantancou: indaritie. arc indicated. 
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tance of a resistance-coupled amplifier is given by 
the formula 

Cinput = Cgk = esrp(A ± 1) 
where C„k is the grid-to-cathode capacitance, 
C„p is the grid-to-plate capacitance, and A is the 
voltage amplification. The capacitance may be 
as much as several hundred micromicrofarads 
when the voltage amplification is large, even 
though the interelectrode capacitances are quite 
small. 

Output Capacitance 

The principal component of the output ca-
pacitance of an amplifier is the actual plate-to-
cathode capacitance of the tube. The output 
capacitance usually need not be considered in 
audio amplifiers, but becomes of importance at 
radio frequencies. 

Tube Capacitance at R.F. 

At radio frequencies the reactances of even 
very small interelectrode capacitances drop to 
very low values. A resistance-coupled amplifier 
cannot be used at r.f., for example, because the 
reactances of the interelectrode "condensers" are 
so low that they practically short-circuit the 
input and output circuits and thus the tube is 
unable to amplify. This is overcome at radio 
frequencies by using tuned circuits for the grid 
and plate, making the tube capacitances part of 
the tuning capacitances. In this way the circuits 
can have the high resistive impedances necessary 
for satisfactory amplification. 
The grid-plate capacitance is important at 

radio frequencies because it is, in effect, a cou-
pling condenser between the grid and plate cir-
cuits. Since its reactance is relatively low at r.f., 
it offers a path over which energy can be fed back 
from the plate to the grid. In practically every 
case the feed-back is in the right phase and of 
sufficient amplitude to cause oscillation, so the 
circuit becomes useless as an amplifier. 

Special "neutralizing" circuits can be used to 
prevent feed-back but they are, in general, not 
too satisfactory when used in radio receivers. 
They are, however, widely used in transmitters. 

• SCREEN-GRID TUBES 
The grid-plate capacitance can be reduced to a 

negligible value by inserting a second grid be-
tween the control grid and the plate, as indicated 
in Fig. 3-16. The second grid, called the screen 
grid, acts as an electrostatic shield to prevent 
capacitive coupling between the control grid and 
plate. It is made in the form of a grid or coarse 
screen so that electrons can pass through it. 

Because of the shielding action of the screen 
grid, the positively-charged plate cannot attract 
electrons front the cathode as it does in a triode. 
In order to get electrons to the plate, it is also 
necessary to apply a positive voltage (with 
respect to the cathode) to the screen. The screen 
then attracts electrons much as does the plate in 
a triode tube. In traveling toward the screen the 
elections acquire such velocity that most of them 

shoot between the screen wires and then are 
attracted to the plate. A certain proportion do 
strike the screen, however, with the result that 
some current also flows in the screen-grid circuit. 
To be a good shield, the screen grid must be 

connected to the cathode through a circuit that 
has low impedance at the frequency being ampli-
fied. A by-pass condenser from screen grid to 
cathode, having a reactance of not more than a 
few hundred ohms, is generally used. 
A tube having a cathode, control grid, screen 

grid and plate (four elements) is called a tetrode. 

Screen 
Grid 

Control 
Grid 

Plate 

Heater 

Cathode 

Fig. 3-16— Represent-
ative arrangement of 
elements in a screen. 
grid tube, s ith front part 
of plate and screen grid 
cut as ay. In this draw-
ing tit, control-grid con-
nection is made through 
a cap On the top of the 
tube, thus eliminating 
the capacitance that 
would exist between the 
plate- and grid .lead wires 
if both passed through 
the base. "Single-ended" 
tubes that have both 
leads going through the 
base use special shield-
ing and construction to 
eliminate interlead ca. 
pacitance. 

Pentodes 

When an electron traveling at appreciable 
velocity through a tube strikes the plate it dis-
lodges other electrons which "splash" from the 
plate into the interelement space. This is called 
secondary emission. In a triode the negative grid 
repels the secondary electrons back into the plate 
and they cause no disturbance. In the screen-grid 
tube, however, the positively-charged screen 
attracts the secondary electrons, causing a reverse 
current to flow between screen and plate. 
To overcome the effects of secondary emission, 

a third grid, called the suppressor grid, may be 
inserted between the screen and plate. This grid, 
which usually is connected directly to the cath-
ode, repels the relatively low-velocity secondary 
electrons. They are driven back to the plate 
without appreciably obstructing the regular 
plate-current flow. A five-element tube of this 
type is called a pentode. 
Although the screen grid in either the tetrode 

or pentode greatly reduces the influence of the 
plate upon plate-current flow, the control grid 
still can control the plate current in essentially 
the same way that it does in a triode. Conse-
quently, the grid-plate transconductance (or 
mutual conductance) of a tetrode or pentode will 
be of the same order of value as in a triode of cor-
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responding structure. On the other hand, since 
a change in plate voltage has very little effect on 
the plate-current flow, both the amplification 
factor and plate resistance of a pentode or tetrode 
are very high. In small receiving pentodes the 
amplification factor is of the order of 1000 or 
higher, while the plate resistance may be from 
0.5 to 1 or more megohms. Because of the high 
plate resistance, the actual voltage amplification 
possible with a pentode is very much less than 
the large amplification factor might indicate. A 
voltage gain in the vicinity of 50 to 200 is typical 
of a pentode stage. 

In practical screen-grid tubes the grid-plate 
capacitance is only a small fraction of a micro-
microfarad. This capacitance is too small to cause 
an appreciable increase in input capacitance as 
described in the preceding section, so the input 
capacitance of a screen-grid tube is simply the 
sum of its grid-cathode capacitance and control-
grid-to-screen capacitance. The output capaci-
tance of a screen-grid tube is equal to the capaci-
tance between the plate and screen. 

Pentode R.F. Amplifier 

Fig. 3-17 shows a simplified form of r.f. am-
plifier circuit using a pentode tube. Radio-
frequency energy in the small coil coupled to L1 
is built up in voltage in the tuned circuit, /e l, 
when LIC1 is tuned to resonance with the fre-
quency of the incoming signal. The voltage that 
appears across ', ICI is applied to the grid and 
cathode of the tube and is amplified by the tube. 
A second resonant circuit, L2r2, is the load for the 
plate of the tube, its parallel impedance being 
high because it is tuned to resonance with the 
frequency applied to the grid. R.f. output can be 
taken from the coil coupled to L2. The screen-
grid voltage is obtained from a tap on the plate 
battery; most tubes are designed for operation 
with the screen voltage considerably lower than 
the plate voltage. In this circuit the batteries are 
assumed to have low impedance for the r.f. cur-
rent; in a practical circuit, by-pass condensers 
would be used to make sure that the impedances 
of the return paths are so low as to be negligible. 

Audio Amplification 

In addition to their applications as radio-
frequency amplifiers, pentode or tetrode screen-
grid tubes also can be constructed for audio-
frequency power amplification. In tubes designed 
for this purpose the chief function of the screen 
is to serve as an accelerator of the electrons, so 
that large values of plate current can be drawn 
at relatively low plate voltages. Such tubes have 
quite high power sensitivity compared with 
triodes of the same power output, although har-
monic distortion is somewhat greater. 

Beam Tubes 

A beam tetrode is a four-element screen-grid 
tube constructed in such a way that the electrons 
are formed into concentrated beams on their way 
to the plate. Additional design features overcome 
the effects of secondary emission so that a sup-

Fig. 3.17— Simplified pentode r.f.-amplifier circuit. 
LIC1 and L2C2 are tuned to the same frequency. 

pressor grid is not needed. The "beam" con-
struction makes it possible to draw large plate 
currents at relatively low plate voltages, and 
increases the power sensitivity. 
For power amplification at both audio and 

radio frequencies beam tetrodes have largely 
supplanted the pentode type because large power 
outputs can be secured with very small amounts 
of grid driving power. The circuits with which 
they are used are practically identical with those 
used for pentodes. 

aoo 

Variable -1.1 tube 

Sharp cut-off tube 

1200 

800 

-400 

-20 -10 Oo 50 ' 

f_ 

Grid Bias 

Fig. 3-18— Curves showing the relationship between 
mutual conductance and negative grid bias for two 
small receiving pentodes. one a sharp eut-off type and 
the other a variable-5 type. 

Variable-su Tubes 

The mutual conductance of a vacuum tube 
decreases with increasing negative grid bias, as-
suming that the other electrode voltages are held 
constant. Since the mutual conductance controls 
the amount of amplification, it is possible to ad-
just the gain of the amplifier by adjusting the 
grid bias. This method of gain control is uni-
versally used in radio-frequency amplifiers de-
signed for receivers. Some means of controlling 
the r.f. gain is essential in a receiver having a 
number of amplifiers, because of the wide range 
in the strengths of the incoming signals. 
The ordinary type of tube has what is known 

as a sharp cut-off characteristic. The mutual 
conductance decreases at a uniform rate as the 
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negative bias is increased, as shown in Fig. 3-18. 
The amount of signal voltage that such a tube 
can handle without causing distortion is not 
sufficient to take care of very strong signals. To 
overcome this, some tubes are made with a 
variable-et characteristic (that is, the amplifica-
tion factor changes with the grid bias), resulting 
in the type of curve shown in Fig. 3-18. The 
variable-g tube can handle a much larger signal 
than the sharp cut-off type before the signal 
swings either beyond the zero grid-bias point or 
the plate-current cut-off point. 

• OTHER TYPES OF AMPLIFIERS 

In the amplifier circuits so tar , ii-cussed, the 
signal has been applied between the grid and 
cathode and the amplified output has been taken 
from the plate-to-cathode circuit. That is, the 
cathode has been the meeting point for the input 
and output circuits. However, it is possible to use 
any one of the three principal elements as the 
common point. This leads to two different kinds 
of amplifiers, commonly called the grounded-grid 
amplifier (or grid-separation circuit) and the 
cathode follower. 

Fig. 3-19 — In the 
upper circuit, the 
grid is the junction 
point between the 
input and output 
circuits. In the 
lower draw ing, the 
plate is the j •-
tion. In either case 
the output is de-
s eloped in the load 
re.i. tor. II, and 
nia) be coupled tri 
a following ampli-
fier by the usual 
methods. 

Signal 

Signal 

111111 

CROi..*IDED-GRID AMPLIFIER 

CATHODE- FOLLOWER 

These two circuits are shown in simplified form 
in Fig. 3-19. In both circuits the resistor le repre-
sents the load into which the amplifier works; 
the actual load may be resistance-capacitance-
coupled, transformer-coupled, may be a tuned 
circuit if the amplifier operates at radio fre-
queneies, and so on. Also, in lx th circuits the 
batteries t bat supply grid bias and plate pi)wer 
are assumed to have such negligible impedance 
that they do not enter intio the operation of the 
circuits. 

Grounded- Grid Amplifier 

In the grounded-grid amplifier the input signal 
is applied between the cathode and grid, and the 
output is taken between the plate and grid. The 
grid is thus the common element. The plate cur-
rant (including the a.c. component) has to flow 
through the signal source to reach the cathode. 
This source always has appreciable impedance, 

and the alternating plate current causes a voltage 
drop that is out of phase with the signal and the 
circuit is therefore degenerative. Also, since the 
source of signal is in series with the load through 
the plate-to-cathode resistance of the tube, some 
of the power in the load is supplied by the signal 
source. The result is that the signal source is 
called upon to furnish a considerable amount of 
power. 
The input impedance of the grounded-grid 

amplifier consists of a capacitance, calculated in a 
similar way as for the grounded-cathode am-
plifier, in parallel with an equivalent resistance 
representing the power furnished by the driving 
source to the load. The output impedance, 
neglecting the interelectrode capacitances, is 
equal to the plate resistance of the tube. This is 
the same as in the case of the grounded-cathode 
amplifier. 
The grounded-grid amplifier finds its chief ap-

plication at v.h.f. and u.h.f., where the more con-
ventional amplifier circuit fails to work properly. 
With a triode tube designed for this type of 
operation, an r. f. amplifier can be built that is 
free from the type of feed-back that causes 
oscillation. This requires that the grid act as a 
shield between the cathode and plate, reducing 
the plate-cathode capacitance to a very low value. 

Cathode Follower 

The cathode follower uses the plate of the tube 
as the common element. The input signal is ap-
plied between the grid and plate (assuming 
negligible impedance in the batteries) and the 
output is taken from between cathode and plate. 
This circuit, like the grounded-grid amplifier, is 
degenerative; in fact, all of the output voltage is 
fed back into the input circuit. The input signal 
therefore has to be larger than the output 
voltage; that is, the cathode follower gives a loss 
in voltage, although it gives the same power gain 
as other circuits. 
An important feature of the cathode follower is 

its low output impedance, which is given by the 
formula (neglecting the grid-to-cathode ea-
pacitance) 

where r5 is the tube plate resistance and µ is the 
amplification factor. This is a valuable charac-
teristic in an amplifier designed to cover a wide 
band of frequencies. In addition, the input ca-
pacitance is only a fraction of the grid-to-cathode 
capacitance of the tube, a feature of further 
benefit in a wide-band amplifier. The cathode 
follower is useful as a step-down impedance 
transformer, since the input impedance is high 
and the output impedance is low. 

• CATHODE CIRCUITS AND GRID BIAS 
Most of the equipment used by amateurs is 

powered by the a.c. line. This includes the fila-
ments or heaters of vacuum tubes. Although 
supplies for the plate (and sometimes the grid) 
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(A) 

Grid Plate 
Return Return 

Grid 
Return 

Fig. 3-20 — Filament center-tapping methods for use witl directly. 
hea ted tubes. 

are usually rectified and filtered to give pure d.c. 
— that is, direct current that is constant and 
without a superimposed a.c. component — the 
relatively large currents required by filaments 
and heaters usually make a rectifier-type d.c. 
supply impracticable. 

Filament Hum 

Alternating current is just as good as direct 
current from the heating standpoint, but some of 
the a.c. voltage is likely to get on the grid and 
cause a low-pitched "a.c. hum" to be superim-
posed on the output. 
Hum troubles are worst with directly-heated 

cathodes or filaments, because with such cathodes 
there has to be a direct connection between the 
source of heating power and the rest of the cir-
cuit. The hum can be minimized by either of the 
connections shown in Fig. 3-20. In both cases the 
grid- and plate-return circuits are connected to 
the electrical midpoint (center-tap) of the fila-
ment supply. Thus, so far as the grid and plate 
are concerned, the voltage and current on one 
side of the filament are balanced by an equal and 
opposite voltage and current on the other side. 
The balance is never quite perfect, however, so 
filament-type tubes are never completely hum-
f reo. For this reason directly-heated filaments are 
employed for the most part in power tubes, 
where the amount of hum introduced is ex-
tremely small in comparison to the power-output 
level. 
With indirectly-heated cathodes the chief 

problem is the magnetic field set up by the heater. 
Occasionally, also, there is leakage between the 
heater and cathode, allowing a small a.c. voltage 
to get to the grid. If hum appears, grounding one 
side of the heater supply usually will help to 
reduce it, although sometimes better results are 
obtained if the heater supply is center-tapped 

Signal 

Plate 
Voltage + 

rig. 3-21 — Cathode biasing. 8 is the cathode resis-
tor and C is the cathode by-pass condenser. 
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and the center-tap grounded, a.s in 
Fig. 3-20. 

Cathode Bias 

(B) In the simplified amplifier circuits 
discussed in this chapter, grid bias has 

RPene„ been supplied by a battery. However, 
in equipment that operates from the 
power line cathode bias is the type 
commonly used. 
The cathode-bias method uses a re-

sistor (cathode resistor) connected in 
series with the cathode, as shown at R 
in Fig. 3-21. The direction of plate-
current flow is such that the end of 

the resistor nearest the cathode is positive. The 
voltage drop across R therefore places a negative 
voltage on the grid. This negative bias is obtained 
from the steady d.c. plate current. 

If the alternating component of plate current 
flows through R when the tube is amplifying, the 
voltage drop caused by the a.c. will be degenera-
tive (note the similarity between this circuit and 
that of Fig. 3-14A). To prevent this the resistor 
is by-passed by a condenser, C, that has very 
low reactance compared with the resistance of H. 
Depending on the type of tube and the particular 
kind of operation, R may be between about 100 
and 3000 ohms. For good by-passing at the low 
audio frequencies, C should be 10 to 50 micro-
farads (electrolytic condensers are used for this 
purpose). At radio frequencies, capacitances of 
about 100 add. to 0.1 afd. are used; the small 
values are sufficient at very high frequencies and 
the largest at low and medium frequencies. In 
the range 3 to 30 megacycles a capacitance of 
0.01 pfd. is satisfactory. 
The value of cathode resistor for an amplifier 

having negligible d.c. resistance in its plate cir-
cuit (transformer or impedance coupled) can 
easily be calculated from the known operating 
conditions of the tube. The proper grid bias 
and plate current always are specified by the 
manufacturer. Knowing these, the required re-
sistance can be found by applying Ohm's Law. 

Example: It is found from tube tables that the 
tube to be used should have a negative grid bias 
of 8 volts and that at this bias the plate current 
will be 12 milliamperes (0.012 amp.). The re-
quired cathode resistance is then 

E 8 
R = — -= — = 667 ohms. 

/ 0.012 

The nearest standard value. 680 ohms, would be 
close enough. The power used in the resistor is 

P = El = 8 X 0.012 = 0.096 watt. 

A ..¡-watt or Y-watt resistor would have ample 
rating. 

The current that flows through R is the total 
cathode current. In an ordinary triode amplifier 
this is the same as the plate current, but in a 
screen-grid tube the cathode current is the sum of 
the plate and screen currents. Hence these two 
currents must be added when calculating the 
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value of cathode resistor required for a screen-
grid tube. 

Example: A receiving pentode requires 3 volts 
negative bias. At this bias and the recommended 
plate and screen voltages, its plate current is 9 
ma, and its screen current is 2 ma. The cathode 
current is therefore 11 ins. (0.011 amp.). The 
required resistance is 

E  R - = —3  = 272 ohms. 
/ 0.011 

A 270-ohm resistor would be satisfactory. The 
power in the resistor is 

P = El = 3X 0.011 = 0.033 watt. 

The cathode-resistor method of biasing is self-
regulating, because if the tube characteristics 
vary slightly from the published values (as they 
do in practice) the bias will increase if the plate 
current is slightly high, or decrease if it is slightly 
low. This tends to hold the plate current at the 
proper value. 

Calculation of the cathode resistor for a re-
sistance-coupled amplifier is ordinarily not prac-
ticable by the method described above, because 
the plate current in such an amplifier is usually 
much smaller than the rated value given in the 
tube tables. However, representative data for the 
tubes commonly used as resistance-coupled 
amplifiers are given in the chapter on audio 
amplifiers, including cathode-resistor values. 

Screen Supply 

In practical circuits using tetrodes and pen-
todes the voltage for the screen frequently is 
taken from the plate supply through a resistor. A 
typical circuit for an r.f. amplifier is shown in 
Fig. 3-22. Resistor R is the screen dropping 
resistor, and C is the screen by-pass condenser. 
In flowing through R, the screen current causes 
a voltage drop in R that reduces the plate-supply 
voltage to the proper value for the screen. When 
the plate-supply voltage and the screen current 
are known, the value of I? can be calculated from 
Ohm's Law. 

Example: An r.f. receiving pentode lias a rated 
screen current of 2 milliamperes (0.002 amp.) at 
normal operating conditions. The rated screen 
voltage is 100 volts, and the plate supply gives 
250 volts. To put 100 volts on the screen, the 
drop across R must be equal to the difference 
between the plate-supply voltage and the screen 
voltage; that is, 250 - 100 = 150 volts. Then 

E 150  
R - =  = 75,000 ohms. 

/ 0.002 

The power to be dissipated in the resistor is 

P = El = 150 X 0.002 = 0.3 watt. 

A 3,¡- or 1-watt resistor would be satisfactory. 

The reactance of the screen by-pass condenser, 
C, should be low compared with the screen-to-
cathode impedance. l'or radio-frequency applica-
tions a capacitance in the vicinity of 0.01 mfd. is 
amply large. 

In some circuits the screen voltage is obtained 
from a voltage divider connected across the plate 
supply. The design of voltage dividers is dis-
cussed at length in the chapter on Power Supplies. 

CHAPTER 3 

- Plate Voltage + 

Fig. 3-22— Screen-voltage supply for a pentode tube 
through a dropping resistor, K. The screen by-pass 
condenser, C. must have low enough reactance to bring 
the screen to ground potential for the frequency or 
frequencies being amplified. 

• SPECIAL TUBE TYPES 
Multipurpose Tubes 

"Combination" tubes are available to perform 
more than one function, particularly in receiver 
circuits. For the most part these are simply 
multiunit tubes made up of individual tube-
element structures, combined in a single bulb for 
compactness and economy. 
Among the simplest multipurpose types are 

full-wave rectifiers, combining two diodes in one 
envelope, and twin triodes, consisting of two 
triodes in one bulb. More complex types include 
duplex-diode triodes (two diodes and a triode in 
one structure), duplex-diode pentodes, con-
verters and mixers (for superheterodyne re-
ceivers), combination power fishes and rectifiers, 
and so on. 

Mercury- Vapor Rectifiers 

For a given value of plate current, the power 
lost in a diode rectifier will be reduced if it is 
possible to decrease the voltage drop from plate 
to cathode. A small amount of mercury in the 
tube will vaporize when the cathode is heated 
and, further, will ionize when plate voltage at 
least equal to a certain minimum value (ionizing 
voltage) is applied. The positive ions neutralize 
the space charge and reduce the plate-cathode 
voltage drop to a practically constant value of 
about 15 volts, regardless of the value of plate 
current. 

Since this voltage drop is smaller than can be 
attained with purely thermionic conduction, 
there is less power loss in a mercury-vapor recti-
fier than in a vacuum rectifier. Also, the voltage 
drop in the tube is constant despite variations in 
load current. Mercury-vapor tubes are widely 
used in rectifiers built to deliver large power 
outputs. 

Grid- Control Rectifiers 

If a grid is in-,•!1I in a mercury-vapor rectifier 
it is found that, \\ it h sufficient negative grid bias, 
it is possible tu prevent plate current from flow-
ing. However, this is true only if the bias is 
present before plate voltage is applied. If, after 
applying plate voltage, the bias is lowered to the 
point where plate current can flow, the mercury 
vapor will ionize and the grid will lose control of 
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plate current, because tin co,cietirge dis-
appears when ionization occurs. The grid can 
assume control again only after the plate voltage 
is reduced below the deionizing voltage, which is 
somewhat less than the plate-cathode voltage 
drop during plate-current flow. 

The same phenomenon also occurs in triodes 
filled with other gases that ionize at low pressure. 
Grid-control rectifiers or thyratrons find con-
siderable application in "electronic switching," 
and in timing devices. Both triode and tetrode 
types are manufactured. 

Oscillators 
It was mentioned earlier in this chapter that if 

there is enough positive feed-back in an amplifier 
circuit, self-sustaining oscillations will be set up. 
When an amplifier is arranged so that this condi-
tion exists it is called an oscillator. 

Oscillations normally take place at only one 
frequency, and a desired frequency of oscillation 
can be obtained by using a resonant circuit tuned 
to that frequency. For example, in Fig. 3-23A 
the circuit LC is tuned to the desired frequency 
of oscillation. The cathode of the tube is con-
nected to a tap on coil L and the grid and plate 
are connected to opposite ends of the tuned cir-
cuit. When an r.f. current flows in the tuned 
circuit there is a voltage drop across L that in-
creases progressively along the turns. Thus if the 
top end of L is positive at some instant the bot-
tom end will be negative, and the point at which 
the tap is connected will be at an intermediate 
potential. The amplified current in the plate 
circuit, which flows through the bottom section of 
L, is in phase with the current already flowing in 
the circuit and thus in the proper relationship for 
positive feed-back. 

HARTLEY CIRCUIT 

Plate Voltage (A) 

(B) 

COLPITTS CIRCUIT 

Fig. 3.23 — Basic oscillator circuits. Feed-back voltage 
is obtained by tapping the grid and cathode across a 
portion of the tuned circuit. In the Ilartley circuit the 
tap is on the roil, but in the CoIpitts circuit the voltage 
is obtained f  the drop across a condenser. 

The amount of feed-back depends on the posi-
tion of the tap. If the tap is too near the grid end 
the voltage drop between grid and cathode is too 
small to give enough feed-back to sustain oscilla-
tion, and if it is too near the plate end the im-
pedance between the cathode and plate is too 
small to permit good amplification. Maximum 

feed-back usually is obtained when the tap is 
somewhere near the center of the coil. 
The circuit of Fig. 3-23A is parallel-fed, CI, 

being the blocking condenser. The value of Cb 
is not critical so long as its reactance is low (a 
few hundred ohms) at the operating frequency. 

Condenser Cg is the grid condenser. It and R. 
(the grid leak) are used for the purpose of ob-
taining grid bias for the tube. In practically all 
oscillator circuits the tube generates its own bias. 
During the part of the cycle when the grid is 
positive with respect to the cathode, it attracts 
electrons. These electrons cannot flow through L 
back to the cathode because Cg "blocks" direct 
current. They therefore have to flow or "leak" 
through 14 to cathode, and in doing so cause a 
voltage drop in R. that places a negative bias on 
the grid. The amount of bias so developed is 
equal to the grid current multiplied by the 
resistance of Rg (Ohm's Law). The value of grid-
leak resistance required depends upon the kind 
of tube used and the purpose for which the oscil-
lator is intended. Values range all the way from a 
few thousand to several hundred thousand ohms. 
The capacitance of Cg should be large enough to 
have low reactance (a few hundred ohms) at the 
operating frequency. 
The circuit shown at B in Fig. 3-23 uses the 

voltage drops across two condensers in series in 
the tuned circuit to supply the feed-back. Other 
than this, the operation is the same as just 
described. The feed-back can be varied by vary-
ing the ratio of the reactances of C1 and C2 (that 
is, by varying the ratio of their capacitances). 

Another type of oscillator, called the tuned-
plate tuned-grid circuit, is shown in Fig. 3-24. 
Resonant circuits tuned approximately to the 
sanie frequency are connected between grid and 
cathode and between plate and cathode. The two 
coils, L1 and L2 are not magnetically coupled. 
The feed-back is through the grid-plate capaci-
tance of the tube, and will be in the right phase 
to be positive when the plate circuit, C2L2, is 
tuned to a slightly higher frequency than the 
grid circuit, LICI. The amount of feed-back can 
be adjusted by varying the tuning of either cir-
cuit. The frequency of oscillation is determined 
by the tuned circuit that has the higher (d. The 
grid leak and grid con> lenser have the same 
functions as in the other circuits. In this case it is 
convenient to use series feed for the plate circuit, 
so CI, is a by-pass condenser to guide the r.f. 
current an mild 1 he plate supply. 
There are many oscillator circuits, some using 

two or more tubes, but the basic feature of all 
of them is that there is positive feed-back in the 
proper amplitude to sustain oscillation. 



CHAPTER 4 

High-Frequency 

Communication 
Much of the appeal of amateur communica-

tion on the high frequencies lies in the fact that 
the results are not always predictable. Transmis-
sion conditions on the same frequency vary with 
the -ear and even with the time of day. Although 
these variations usually follow certain established 
cycles, many peculiar effects can be observed 
from time to time. Every radio amateur should 
have some understanding of the known facts 
about radio wave propagation so that he will 
stand some chance of int,q)reting the unusual 

What To Expect 

conditions when they occur. The observant ama-
teur is in an excellent position to make worth-
while contributions to the science, provided he 
has sufficient background to understand his re-
sults. Ile may discover new facts about propa-
gation at the very-high frequencies or in the 
microwave region, as amateurs have in the past. 
In fact, it is through amateur efforts that most 
of the extended-range possibilities of various 
radio frequencies have been discovered, either 
through accident or long and careful investigation. 

on the Various Amateur Bands 

The 1.8-Me., or " 160-meter," band offers re-
liable working over ranges up to 25 miles or so 
during daylight. On winter nights, ranges up to 
several thousand miles are not impossible. Only 
small sections of the band are currently availaltle 
to amateurs, because of the presenve (;1 t he loran 
. service in that part of the spectrum. The pulse-
type interference sometimes caused by loran can 
be readily eliminated by using an audio limiter 
in the reveiver. 
The 3.5-Mc., or " 80-inct(r," band is a more 

useful hand during the night than during the 
daylight hours. In the daytime, one can seldom 
hear signals from a distanre of greater than 209 
miles or so, fait ( luring the darkness hours dis-
tances up to several thousand miles are not un-
usual, and transoeen nie contacts are regularly 
made during the winter months. During the 
summer, the static level is high in some parts of 
the world. 

The '-\1c., or "40-meter," band has many of 
the same characteristics as 3.5, except that the 
distances that ran be covered during t he (ky and 
night hours are increased. During da.ylight, dis-
tanees up to a thousand miles can be covered 
under good ( qatilititins, and during the dawn and 
(lusk iwrit ds in winter it is possible to work sta-
tions as far as the other side of the world, the 
signals following the darkness path. The winter 
months are somewhat better than the summer 
ones. In general, summer static is much less of a 
problem than on 80 meters, although it, can be 
serious in the semitropical zones. 

The 14-Mc., or " 20-meter," band is probably 
the best one for long-distance work. During por-
tions of the sunspot cycle (discussed later in this 
chapter) it is open to some part of the world 
during le:tole:illy all of the 24 hours, while at 
other times it is generally useful only ( luring 
daylight hours and the dawn and dusk periods. 
The 21-Mc., or " 15-meter", band shows highly 

variable eharaeteristies depending on the sunspot 
cycle. During sunspot maxima it, is useful for 
long-distance work during a large part of the 24 
hours, but in years of low sunspot activity it is 
almost wholly a daytime band, and sometimes 
unusable even in daytime. However, it is often 
possible to maintain communication over dis-
tances up to 1500 miles or more by sporadic'-E 
ionization (described later), which may occur 
either day or night at any time in the sunspot. 
cycle. 
The 27-Mc. (" 11-meter") and 28-Mc. (" 10-

meter") bands are generally considered to be 
DX bands during the daylight hours and good 
for local work during the hours of darkness, 
although at the peak of the sunspot cycle, they 
are "open" into the late evening hours for DX 
communication. At the sunsp(d minimum these 
bands are usually "dead" for Ii ng-distance com-
munication in the nort hern latitudes. Neverthe-
less, sporadic- E propagation is likely to occur 
at any time, just as in the case of the 21- Mc. 
band.. The v.h.f. and ti.h.f. bands 50 Mc. and 
higher) are considered in detail in I iii ehapter on 
v.h. f. propagat ion. 

Characteristics of Radio Waves 

Radio waves are hasivally of the same nature w:1\ ••-• is much greater than the wavelengths of 
as light and heat. which also are forms of eke- light ( ir heat. However, all three types of riulia-
troinagnetie radiation. Tice principal difference tion travel at the same speed (300,000,090 meters 
is in the wavelength, which in the case of radio per second) in free space, and have similar pnip-

70 
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erties in that they all can be reflected, reCr:,,•1,d, 
and diffracted. 
As described in the chapter on fundamentals, 

an electromagnetic wave is composed of moving 
fields of electric and magnetic force. The lines of 
force in the two fields are at right angles, and am 
mutually perpendicular to the direction of travel. 
A simple representation of a wave is shown in 
Fig. 4-1. In this drawing the electric lines are 
perpendicular to the earth and the magnetic lines 
are horizontal. They could, however, have any 
position with respect to earth so long as they 
remain perpendicular to each other. 

Electric hies of Force 

»emetic 
¡mes of 
Force 

Fig. 4-1— Representation of electrostatic and electro-
magnetic lines of force in a radio wave. Arrows indicate 
iiudantaneous directions of the field for a wave travel-
ing touard the reader. Reversing the direction of one 
set of lines would reverse the direction of travel. 

The plane containing the continuous lines of 
electric and magnetic force shown by the grid- or 
mesh-like drawing in Fig. 4-1 is called the wave 
front. 

Polarization 

The polarization of a radio wave is taken as 
the direction of the lines of force in the electric 
field. If the electric lines are perpendicular to the 
earth, the wave is said to be vertically polarized; 
if parallel with the earth, the wave is horizon-
tally polarized. The longer waves, when traveling 
along the ground, usually maintain their polari-
zation in the same plane as was generated at the 
antenna. The polarization of shorter waves may 
be altered during travel, however, and sometimes 
will vary quite rapidly. 

Medium of Propagation 

The medium in which electromagnetic waves 
travel has a marked influence on the speed with 
which they move. When the medium is empty 
space the speed, as stated above, is 300,000,000 
meters per second. It is almost, but not quite, 
that great in air, and is much less in some other 
substances. In dielectrics, for example, the speed 
is inversely proportional to the dielectric con-
stant of the material. 
When a wave meets a good conductor it can-

not penetrate it to any extent (although it will 

travel through a dielectric with ease) because the 
electric lines of force are practically short-
circuited. 

Reflection 

A light ray traveling through air of uniform 
characteristics goes in a straight line, but when 
it meets some object having different properties 
its path is shifted. If the "discontinuity" is suffi-
ciently great in extent, as compared with the 
wavelength of light, and if the change in prop-
erties is abrupt, the ray may be reflected. The 
discontinuity may be either a change in the di-
electric constant or the conductivity of the 
medium. Similarly, a radio wave will be reflected 
under comparable conditions. However, the dis-
continuity set up by the reflecting object must 
at least be comparable with the wavelength in 
size, to cause reflection of radio waves. Neverthe-
less, objects as small as an airplane, a tree, or 
even a man's body will reflect waves a few feet 
long and less. 

Refraction 

When a wave meets a discontinuity that it can 
penetrate, the change in spi its path to 
be deflected, if it enters at any angle at her than the 
perpendicular to the surface of the new medium. 
That part of the wave front that enters the new 
medium first travels at the new speed before the 
trailing part of the wave front enters, and so the 
wave as a whole is swung around or refracted. 
The new direction depends on the difference in 
speed in the two media, and on the wavelength. 
Wave "bending" by refraction is the mechanism 
by which long-distance communication at high 
frequencies is possible. The medium in which the 
bending takes place is an ionized region, called 
the ionosphere, in the upper atmosphere. The 
composition and properties of the ionosphere are 
discussed later in this chapter. 

Diffraction 

When a wave grazes the edge of an object in 
passing, it tends to be bent around that edge. 
This effect, called diffraction, results in a diver-
sion of part of the energy of those waves which 
normally follow a straight path, so they may be 
received at some distance below the summit of 
an obstruction or around its edges. 

Spreading 

The field intensity of a wave is inversely pro-
portional to the distance from the source. Thus 
if one receiving point is twice as far from the 
transmitter as another, the field strength at the 
more distant point will be just half the field 
strength at the nearer point. This results from 
the fact that the energy in the wave front must 
be distributed over a greater area as the wave 
moves away from the source. This inverse-dis-
tance law is based on the assumption that there 
is nothing in the medium to absorb energy from 
the wave as it travels, which is true in free space 
but not in practical communication along the 
ground and through the atmosphere. 
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Types of Propagation 

According to the altitude of the paths along 
which they are propagated, radio waves may 
be classified as ionospheric waves, tropospheric 
waves or ground waves. 
The ionospheric wave or sky wave is that part 

of the total radiation that is directed toward the 
ionosphere. Depending upon variable conditions 
in that region, as well as upon transmitting 
wavelength, the ionospherie wave may or may 
not be returned to earth by the effects of refrac-
tion and reflection. 
The tropospheric wave is that part of the total 

radiation that undergoes refraction and reflec-
tion in regions of abrupt change of dielectric 
constant in t he troposphere, such as the bound-
aries between air masses of differing temperature 
and moisture content. 

The ground wave is that part of the total radia-
tion that is directly affected by the presence of 
the earth and its surface features. The ground 

Direct wave 

eeeaed wave 

EARTH 

Fig. 4-2 — Showing how both direct and reflected 
waves may bc receivel simaltaneously. 

wave has two components. One is the surface 
wave, which is an earth-guided wave, and the 
other is the spac2 wave (not to be confused with 
the ionospheric or sky wave). The space wave is 
itself the resultant of two components — the 
direct wave and the ground-reflected wave, as 
shown in Fig. 1-2. 

Ionospheric Propagation 

• PROPERTIES OF THE IONOSPHERE 

Except for distances of a few miles, nearly all 
amateur communication on frequencies below 
30 Me. is by means of the sky wave. Upon leav-
ing the transmitting antenna, this wave travels 
upward from the earth's surface at such an angle 
that it would continue out into space were its 
path not bent sufficiently to bring it haek to 
earth. The medium that causes such bending is 
the ionosphere, a region in the upper atmosidtere, 
above a height of about 60 miles, where fri i ions 
and electrons exist hi sufficient quantity to have 
an appreciable effect on the speed at which the 
waves travel. 
The ionization in the upper atmosphere is be-

lieved to be caused by ultraviolet radiation from 
the sun. The ionosphere is not a single region but 
is composed of a series of layers of varying den-
sities of ionization occurring at different heights. 
Each layer consists of a central regitm of rela-
tively dense ionization that tapers off in inten-
sity both above and below. 

Refraction and Reflection 

The greater the intensity of ionization in a 
layer, the more the path of the wave is bent. The 
amount of bending also depends on the wave-
length; the loTiger the wave, the more the path is 
bent for n gi vial degree of ionization. Thus low-
frequency waves are more readily bent than 
those of high frequency. For this reason the lower 
frequencies — 3.5 and 7 Mc. — are more "re-
liable" than the higher frequencies — 14 to '28 
Mc.; there are times when the ionization is of 
such low va lue that waves of the lilt ter frequency 
range are not bent enough to return to earth. 

In addition to refraction, reflection may take 
place at the lower boundary of an ionized layer 
if the boundary is sharply defined; i.e., if there is 
an appreciable change in ionization within a 
relatively short interval of travel. For waves 
approaching the layer at or Ii)'' ir t he perpendicu-
lar, the change in ionizatian must take place 
within a difference in height comparable with 

the wavelength; hence, ionospheric reflection is 
more apt to occur at longer wavelengths ( lower 
frequencies). 

Absorption 

In traveling through the i,nosphere the wave 
gives up some of its energy by setting the ionized 
particles into motion. The energy absorption 
from this cause increases with the wavelength; 
that is, absorption is greater at lower frequencies. 
It also increases with the intensity of ionization, 
and with the density of the atmosphere in the 
ionized region. 

Ionospheric absorption decreases the strength 
of the signal at the receiving point below the 
value that would be expected from the normal 
spreading of a wave traveling the same distance. 

Virtual Height 

Although an ionospheric layer is a region of 
considerable depth it is convenient to assign to 
it a definite height, called the virtual height. 
This is the height from which a simple reflection 
would give the sanie effect as the gradual refrac-
tion that actually takes place, as illustrated in 
Fig. 4-3. The wave traveling upward is bent back 
over a path having an appreciable radius of 
turning, and a measurable interval of time is 
consumed in the turning process. The virtual 
height is the height of a triangle having equal 
sides of a total length proportional to the time 
taken for the wave to travel from T to R. 

Fig. 4-3— Bending in the ionosphere, and the echo or 
reflection method of determining virtual height. 
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Normal Structure of the Ionosphere 

The lowest useful ionized layer is called the 
E layer. The average height of the region of 
maximum ionization is about 70 miles. The air 
at this height is sufficiently dense so that the 
ions and electrons set free by the sun's radiation 
do not travel far before they meet and recombine 
to form neutral particles, so the layer can main-
tain its normal intensity of ionization only in the 
presence of continuing radiation from the sun. 
Hence the ionization is greatest around local 
noon and practically disappears after sundown. 

In the daytime there is a still lower ionized 
area, the D region. The D-region ionization is 
proportional to the height of the 
sun and is greatest at noon. Low-fre-
quency waves (80 meters) are almost 
completely absorbed by this layer 
while it exists, and only the high-
angle radiation is reflected by the E 
layer. ( Lower-angle radiation travels 

ee- a farther through the D region and is 4,t 
absorbed.) 
The second principal layer is the F 

layer, which has a height of about 175 
miles at night. At this altitude the air is 
so thin that recombination of ions and 
electrons takes place very slowly, in-
asmuch as particles can travel relatively 
great distances before meeting. The 
ionization decreases after sundown, 
reaching a minimum just before sun-
rise. In the daytime the F layer splits 
into two parts, the F1 and F2 layers, with aver-
age virtual heights of, respectively, 140 miles 
and 200 miles. These layers are most highly 
ionized at about local noon, and merge again at 
sunset into the F layer. 

• SKY-WAVE PROPAGATION 
Wave Angle 

The smaller the angle at which a wave leaves 
the earth, the less will be the bending required 
in the ionosphere to bring it back and, in gen-
eral, the greater the distance between the point 
where it leaves the earth and that at which it 
returns. This is shown in Fig. 4-4. The vertical 
angle (such as the angle A in the figure) that 
the wave makes with a tangent to the earth is 
called the wave angle or angle of radiation. 

Skip Distance 

Since greater bending is required to return the 
wave to earth when the wave angle is high, at 
the higher frequencies the refraction frequently 
is not enough to give the required bending unless 
the wave angle is smaller than some critical 
value. This is illustrated in Fig. 4-4, where A 
and smaller angles give useful signals while waves 
sent at higher angles penetrate the layer and are 
not returned. The distance between 7' and R1 is, 
therefore, the shortest possible distance, at that 
partieular frequency, over which communication 
by normal ionospheric refraction can be accom-
plished. 

linyent 
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The area between the end of the useful ground 

wave and the beginning of ionospheric-wave re-
ception is called the skip zone, and the distance 
from the transmitter to the nearest point where 
the sky wave returns to earth is called the skip 
distance. The extent of skip zone depends upon 
the frequency and the state of the ionosphere, 
and also upon the height of the layer in which 
the refraction talffl place. The higher layers give 
longer skip distances for the same wave : Ingle. 
Wave angles at the transmitting and receiv-
ing points are usually, although not always, 
approximately the same for any given wave 
path. 
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Fig. 44 — Refraction of sky waves, showing the critical wave 
angle and the skip zone. Waves leaving the transiniiter at angles 
above the critical (greater than A) are not bent en.,ugh to be re-
turned to earth. As the angle is increased, the ina‘es return to 
earth at increasingly greater distances. 

Critical and Maximum Usable Frequencies 

If the frequency is low enough, a wave sent 
vertically to the ionosphere will be reflected back 
down to the transmitting point. If the frequency 
is then gradually increased, eventually a fre-
quency will be reached where this vertical re-
flection just fails to occur. This is the critical 
frequency for the layer under consideration. 
When the operating frequency is below the crit-
ical value there is no skip zone. 
The critical frequency is a useful index to the 

highest frequency that can be used to transmit 
over a specified distance — the maximum usable 
frequency (m.u.f.). If the wave leaving the trans-
mitting point at angle A in Fig. 4-4 is, for ex-
ample, at a frequency of 14 Mc., and if a higher 
frequency would skip over the receiving point 
RI, then 14 Mc. is the m.u:f. for the distance 
from T to RI. 
The greatest possible distance is covered when 

the wave leaves along the tangent 10 the earth; 
that is, at zero wave angle. Under a verage condi-
tions this distance is about 4000 kilometers or 
2500 miles for the F2 layer, and 2000 kin. for 
1250 miles for the E layer. The distances vary 
with the layer height. Frequencies above these 
limiting m.u.f.'s will not be returned to earth at 
any distance. The 4000-km. m.u.f.'s for the F2 
layer is approximately 3 times the critical fre-
quency for that layer, and for the E layer the 
2000-kin. m.u.f. is about 5 times the critical 
frequency. 

Absorption in the ionosphere is least at the 
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maximum usable frequency for the distance, and 
increases very rapidly as the frequency is lowered 
below the m.u.f. Consequently, best results with 
low power always are secured when the frequency 
is as close to the m.u.f. as possible. 

It is readily possible for the ionospheric wave 
to pass through the E layer and be refracted back 
to earth from the F, F1 or F2 layers. This is 
bevause the critical frequencies are higher in the 
la t ter layers, so that a signal too high in frequency 
to be returned by the E layer can still come back 
from one of the others, depending upon the time 
of day and the existing conditions. Depending 
upon the wave angle and the distance, it is 
sometimes possible to carry on communication 
via either the E or F1-F2 layers on the same 
frequency. 

Multihop Transmission 

On returning to the earth the wave can be 
reflected upward and travel again to the iono-
sphere. There it may once more be refracted, and 
again bent bail: to earth. This process may be 
repeated several times. Multihop propagation of 
this nature is necessary for transmission over 
great distances because of the limited heights of 
the layers and the curvature of the earth, which 
restrict the maximum one-hop distance to the 
values mentioned in the preceding section. How-
ever, ground losses absorb some of the energy 
from the wave on each reflection (the amount of 
the loss varying with the type of ground and 
being least for reflection from sea water), and 
there is also absorption in the ionosphere at each 
reflection. Hence the smaller the number of hops 
the greater the signal strength at the receiver. 
other things being equal. 

Fading 

Two or more parts of the wave may follow 
slightly different paths in traveling to the re-
ceiving point., in whieh case the difference in 
pa t li lengths will ea use a phase difference to exist 
Iel ween the wave components at the receiving 
antenna. The total field strength will be the sum 
of the components and may be larger or smaller 
than one component alone, since the phases may 
be such as either to aid or oppose. Since the paths 
change from time to time, this causes a varia-
tion in signal strength called fading. Fading can 
also result from the combination of single-hop 
and multihop waves, or the combination of a 
ground wave with an ionospheric or tropospheric 
wave. The latter condition results in an area of 
severe fading in the region where the two waves 
have about the same intensity; better reception 
is obtained at either shorter or longer distances 
where one component is considerably stronger 
than the other. 

Fading may be rapid or slow, the former type 
usually resulting from rapidly-changing condi-
tions in the ionosphere, the latter occurring when 
transmission conditions are relatively stable. 

It frequently happens that transmission condi-
tions : ire different for waves of slightly different 
frequencies, so that in the ease of voiee-modu-
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hated transmission, involving sidebands differing 
slightly from the carrier in frequency, the carrier 
and various sideband components may not be 
propagated in the same relative amplitudes and 
phases they had at the transmitter. This effect, 
known as selective fading, causes severe distor-
tion of the signal. 

Scatter 

Even though the operating frequency is above 
the m.u.f. for a given distance, it is usually pos-
sible to hear signals from within the skip zone. 
This phenomenon, called scatter, is caused by 
random reflections from distances beyond the 
skip zone. Such reflections can occur when the 
transmitted energy strikes the earth at a dis-
tance and some of it is reflected back into the 
skip zone to the receiver. Other possible scatter 
sources are "patches" of ionization of different 
density than the average, or sporadic-E clouds 
(see later section). Scatter signals are weaker 
than those normally propagated, and also have a 
rapid fade or "flutter" that makes them easily 
recognizable. 

It is probable that scatter also plays a con-
siderable part in long-distance transmission (be-
yond the maximum one-hop distance) -- particu-
larly in cases where, with multihop propagation, 
the m.u.f. at some intermediate reflection point. 
in the ionosphere is below the frequency actually 
being used. 

• OTHER FEATURES OF IONOSPHERIC 
PROPAGATION 

Cyclic Variations in the Ionosphere 

Shim ionization depends upon ultraviolet ra-
diation, conditions ill the ionosphere vary with 
changes in the sun's radiation. In addition to the 
daily variation, seasonal changes result ill higher 
('rit jeu! frequencies in the E layer ill summer, 
averaging about 4 Mc. as against a vinter aver-
age of 3 Mc. The layer shows lit t li variat 
the critical frequency being of Ow onhir of 4 to 
5 Mc. in the evening. The F1 layer, which has a 
critical frequency near 5 Mc. in summer, usually 
disappears entirely in winter. The daytime maxi-
mum critical frequencies for the F2 are highest 
in winter ( 10 to 12 Mc.) and lowest in summer 
(around 7 Mc.). The virtual height of the le2 
layer, which is about 185 miles in winter, aver-
ages 250 miles in summer. These values are rep-
resentative of latitude 40 deg. North in the 
Western hemisphere, and are subject to con-
siderable variation in other parts of the world. 

Very markeil changes in ionization also occur 
in step with t he 11-year sunspot cycle. Alt hough 
there is no apparent direct correlation 1,0 ween 
sunspot. ;u•tivity and critical frequencies on a 
given day, there is a lefitlite correlation between 
memy, sunspot a(•tivity :old critical frequencies. 
The critiea4 frequencies are highest during sun-
spot maxima and lowest ( luring sunspot minima. 
During the period of minimum sunspot activity 
the htwer Ire( ueneies — 7 and :1.5 M e.— fre-
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quently are the only u,able bands at. night. At 
such times the 28-Mc. band is seldom useful for 
long-distance work, while the 14-Mc. band per-
forms well in the daytime but is not ordinarily 
useful at night. The next sunspot minimum is 
forecast for the winter of 1954-55. The most 
recent maximum occurred in the winter of 1947-
48. 

Ionosphere Storms and Other Disturbances 

Certain types of sunspot activity cause con-
siderable disturbances in the ionosphere (iono-
sphere storms) and are accompanied by dis-
turbances in the earth's magnetic field (magnetic 
storms). Ionosphere storms are characterized by 
a marked increase in absorption, so that radio 
conditions become poor. The critical frequencies 
also drop to relatively low values during a storm, 
so that only the lower frequencies are useful for 
communication. Ionosphere storms may last from 
a few hours to several days. Since the sun rotates 
on its axis once every 28 days, disturbances tend 
to recur at such intervals, if the sunspots respon-
sible do not become inactive in the meantime. 
Absorption is usually low, and radio conditions 
therefore good, just preceding a storm. 

Unusually high ionization in the region of the 
atmosphere below the normal ionosphere may 
increase absorption to such an extent that sky-
wave transmission becomes difficult and some-
times even impossible. The length of such a dis-
turbance may be several hours, with a gradual 
falling off of transmission conditions at the begin-
ning and an equally gradual building up at the 
end of the period. Fade-outs, similar to the above 
in effect, are caused by sudden disturbances on 
the sun. They are characterized by very rapid 
ionization, with sky-wave transmission disap-
pearing almost instant ly, occur only in daylight, 
and do not last as long as the first type of ab-
sorption. 

Megnetic storms frequently are accompanied 
by unusual auroral displays, creating an ionized 
"curtain" in the polar regions which can : tet as 
a reflector of radio waves. Auroral reflection may 
be observed on any frequency, depending upon 
the conditions, and it is always characterized by 
a flutter on all signals that makes voice work 
difficult. It is most noticeable in the northern 
latitudes and on signals traveling through the 
Auroral zone — that is, through the polar regions 
and over the North Atlantic. 

Sporadic-E Ionization 

Scattered patches or clouds of relative dense 
ionization occasionally appear at heights approxi-
mately the same as that of the E layer. This 
sporadic-E ionization is most prevalent in the 
equatorial regions, where it is substantially con-
tinuous. In northern latitudes it is most frequent 
in the spring and early summer, but is present in 
some degree a fair percentage of the time the 
year 'round. It accounts for a good deal of the 

night-time short distance work on the lower fre-
quencies (3.5 and 7 Mc.) and, when more intense, 
for similar work on 14 and 28 Mc. Exceptionally 
intense sporadic-E ionization is responsible for 
work over distances exceeding 400 or 500 miles 
on the 50-Mc. band. 

There seems to be no direct relationship be-
tween sporadic-E ionization and sunspot activity, 
nor does it appear to be directly related to day-
light and darkness since it may occur at any time 
of the day. However, there is an apparent tend-
ency for the ionization to peak at mid-morning 
and in the early evening. 

Meteor Trails 

A phenomenon that frequently occurs on sig-
nals from within the skip zone is a sudden in-
crease in intensity, called a burst. Bursts are 
caused by meteors which, entering the earth's 
atmosphere at high speed, are followed by an 
ionized trail of rather high intensity. The ioniza-
tion is caused by heating from the friction be-
tween the meteor and the air molecules in the 
ionosphere region. The ionization usually disap-
pears in less than a second, but during that time 
it is often capable of reflecting signals up to 
100 Mc. or so. The lower frequency limit depends 
on the length of the ionized trail. Bursts are fre-
quently observed on the 14- and 28-Mc. bands, 
especially during those times of the year when 
"meteor showers" occur. When the meteor is 
moving in a direction somewhat parallel to the 
wave path, it can induce a rising or falling 
"whistle" on the signal, for a second or so. 

Tropospheric Propagation 

Changes in temperature and humidity of air 
masses in the lower atmosphere often permit 
work over greater than normal ground-wave 
distances on 28 Mc. and higher frequencies. The 
effect can be observed on 28 Mc., but it is gen-
ern ty more marked on 50 and 144 Mc. The 
sul,icct is treated in deuil in a later chapter. 

• PREDICTION CHARTS 
The Central Radio Propagation Laboratory 

of National Bureau of Standards offers predic-
tion charts three months in advance, by means 
of which it is possible to predict with considerable 
accuracy the maximum usable frequency that 
will hold over any path on the earth during a 
monthly period. The charts are based on iono-
sphere observations made at a number of stations 
throughout the world, coupled with considerable 
statistical data. They are conservative enough to 
enable the amateur to anticipate and plan his 
best operating times, particularly on the 14- and 
28-Mc. bands. The charts can be obtained from 
the Superintendent of Documents, U. S. Govern-
ment Printing Office, Washington 25, D. C. for 
10 cents a copy or $ 1.00 per year on subscription. 
They are called "CRPL-D Basic Radio Propaga-
tion Predictions." 
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High-Frequency 
Receivers 
A good receiver in the amateur station makes 

the difference between mediocre el intacts and 
solid QS0s, and its importance cannot be over 
emphasized. 1 n t he uncrowded v.h.f. bands, 
sensitivity (the ability to bring in weak signals) 
is the most important factor in a receiver. In the 
more crowded amateur bands, good sensi-
tivity must be combined with selectivity (the 
ability to distinguish between signals separated 
by only a small frequency difference). To receive 
weak signals, the receiver must furnish enough 
amplification to amplify the minute signal power 
delivered by the antenna up to a useful amount of 
power that will operate a loudspeaker or set 
of headphones. Before the amplified signal can 
operate the 'speaker or 'phones, it must be con-
verted to audio-frequency power by the process of 
detection. The sequenee of amplification is not 
too important — some of the amplification can 
take plaee (and usually does) before detection, 
and some can be used after detection. 
There are two major differences between 

receivers for 'phone reception and for c.w. 
reception. A 'phone signal has sidebands that 
make the signal take up about 6 or 8 kc. in the 
band, and the audio quality of the received 
signal is impaired if the passband of the receiver 
is less than half of this. On the other hand, a c.w. 
signal occupies only a few hundred cycles at the 
most, and consequently the passband of a e. w. 

receiver can be small. In either case, if the pass-
band of the receiver is more than necessary, sig-
nals adjacent to the desired inu- can be heard, and 
the selectivity of the receiver is said to be poor. 
The detection process delivers directly the audio 
frequencies present as modulation on a 'phone 
signal. There is no modulation on a c.w. signal, 
and it is necessary to introduce a second radio 
frequency, differing from the signal frequency 
by a suitable audio frequency, into the detector 
circuit to produce an audible beat. The frequency 
difference, and hence the beat-note, is generally 
made on the order of 500 to 1000 cycles, since 
these tones are within the range of optimum re-
sponse of both the ear and the headset. If the 
source of the second radio frequency is a separate 
oscillator, the system is known as heterodyne 
reception; if the detector is made to oscillate and 
produce the second frequency, it is known as 
an autodyne detector. Mode-ii superhetero-
dyne receivers (described later) ge e.ally use 
a separate oscillator to generate the beat-note. 
Summing up the two differences, 'phone re-
ceivers can't use as much selectivity as c.w. 
receivers, and c.w. receivers rd luire some kind 
of beating oscillati )1' ti) give an audible signal. 
Broadcast receivers can receive only 'phone 
signals because no beat oscillator is included. 
Communications receivers include beat oscillators 
and often sonic means for varying the selectivity. 

Receiver Characteristics 
Sensitivity 

In commercial circles "sensitivity" is defined as 
the strength of the signal (in microvolts) at the 
input of the receiver that is required to produce 
a specified audio power output at the 'speaker or 
headphones. This is a satisfactory definition for 
broadcast and communications receivers operat-
ing below about 20 Mc., where atmospheric 
and man-made elect rival noises normally mask 
any noise generated by the receiver itself. 

Another commercial measure of sensitivity 
defines it as the signal at the input of the re-
.ceiver required to give an audio output some 
stated amount (generally 10 db.) above the 
-noise output of the receiver. This is a more useful 
sensitivity measure for the amateur, since it 
indicates how well a weak signal will be heard and 
is not merely a measure of the over-all amplifica-
tion of the receiver. However, it is not an absolute 
method for comparing two receivers, because 
the passband width of the receiver plays a large 
part in the result. 

The random motion of the molecules in the 
antenna and receiver circuits generates small 
voltages called thermal-agitation noise volt-
ages. The frequency of this noise is random and 
the noise exists across the entire radio spec-
trum. Its amplitude increases with the tem-
perature of the circuits. Only the noise in the 
antenna and first stage of a receiver is normally 
significant, since the noise developed in later 
stages is masked by the amplified noise from the 
first stage. The only noise that is amplified is 
that which falls within the passband of the 
receiver, so the noise appearing in the output of 
a receiver is less when the passband is reduced. 
Similar noise is generated by the current flow 
within the first tube itself; this effect can be 
combined with the thermal noise and called 
receiver noise. 
The limit of a receiver's ability to detect 

weak signals is the thermal noise generated in 
the input circuit. Even if a perfect noise-free 
tube were developed and used throughout the 

76 



HIGH-FREQUENCY RECEIVERS 77 
receiver, the limit to reception would be the 
thermal noise. (Atmospheric- and man-made 
noise is a practical limit below 20 Mc.) The 
degree to which a receiver approaches this ideal 
is called the noise figure of the receiver, and it is 
expressed as the ratio of noise power at the input 
of the receiver required to increase the noise 
output of the receiver 3 db. Since the noise power 
passed by the receiver is dependent on the 
passband, the figure shows how far the receiver 
departs from the ideal. The ratio is generally 
expressed in db., and runs around 6 to 12 d1). for 
a good receiver, although figures of 2 to 4 db. have 
been obtained. Comparisons of noise figures can 
be made by the amateur with simple equipment. 
(See QST, August, 1949, page 20.) 

Selectivity 

Selectivity is the ability of a receiver to 
discriminate against signals of frequencies 
differing from that of the desired signal. The 
over-all selectivity will depend upon the se-
lectivity of the individual tuned circuits and 
the number of such circuits. 
The selectivity of a receiver is shown graph-

ically by drawing a curve that gives the ratio 
of signal strength required at various frequen-
cies off resonance to the signal strength at 
resonance, to give constant output. A reso-
nance curve of this type is shown in Fig. 5-1. 
The bandwidth is the width of the resonance 
curve (in cycles or kilocycles) of a receiver at a 
specified ratio: in Fig. 5-1, the bandwidths are 
indicated for ratios of response of 2 and 10 ("2 
times down" and " 10 times down"). 
A receiver is more selective if the band-

width (or passband) is less, but the band-
width must be sufficient to pass the signal and 
its sidebands if faithful reproduction of the 
signal is desired. In the crowded amateur 
bands, it is generally advisable to sacrifice 
fidelity for selectivity, since the added selectiv-
ity reduces adjacent-channel interference and 
also the noise passed by the receiver. If the 
selectivity curve has steep sides, it is said to 
have good skirt selectivity, and this feature is 
very useful in listening to a weak signal that is 
adjacent to a strong one. 
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Fig. 5-1 — Typical selectivity curve of a modern super-
heterodyne receiver. Relative response is plotted against 
tleviations above aml II. ,t the resonance frequency. 
The scale at the kit is in terms of voltage ratios, 
the corresponding decibel steps are shown at the right. 

Stability 

The stability of a receiver is its ability to 
"stay put" on a signal under varying conditions 
of gain-control setting, temperature, supply-
voltage changes and mechanical shock and dis-
tortion. The term "unstable" is also applied to a 
receiver that breaks into oscillation or a regenera-
tive condition with some settings of its controls 
that are not specifically intended to control such 
a condition. 

Fidelity 

Fidelity is the relative ability of the re-
ceiver to reproduce in its output the mod-
ulation carried by the incoming signal. For 
perfect fidelity, the relative amplitudes of the 
various components must not be changed by 
passing through the receiver. However, in ama-
teur communication the important requirement 
is to transnin intelligeiive and not "high-fidelity" 
signals. 

Detection and Detectors 
Detection is the process of recovering the 

modulation from a signal (see "Modulation, 
Heterodyning and Beats"). Any device that is 
"nonlinear" ( i.e., whose output is not exactly 
proportional to its input) will act as a detector. 
It can be used as a detector if an impedance 
for the desired modulation frequency is con-
nected in the output circuit. 

Detector sensitivity is the ratio of desired 
detector output to the input. Detector linear-
ity is a measure of the ability of the detector to 
reproduce the exact form of the modulation 
on the incoming signal. The resistance or im-
pedance of the detector is the resistance or 
impedance it presents to the circuits it is con-

nected to. The input resistance is important 
in receiver design, since if it is relatively low it 
means that the detector will consume power, 
and this power must be furnished by the pre-
ceding stage. The signal-handling capability 
means the ability to accept signals of a specified 
amplitude without overloading or distortion. 

Diode Detectors 

The simplest detector for a.m. is the diode. A 
galena, silicon or germanium crystal is an 
imperfect form of diode (a small current can 
pass in the reverse direction), and the principle 
of detection in a crystal is similar to that in a 
vacuum-tube diode. 
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A.F Output 

(A) 

(B) 

(C) 

A F. Output 

Fig. 5.2— Simplified and practical diode detector 
circuits. A, the elementary half-wave diode detector; 
B, a practical circuit, with r.f. filtering and audio output 
coupling; C, full-wave diode detector, with output cou-
pling indicated. The circuit, L2Ci, is tuned to the signal 
frequency; typical values for C2 and Ri in A and C are 
250 mad. and 250,000 ohms, respectively; in B, C2 and 
C3 are 100 Add. cadi; R1, 50,000 ohms; and R2, 250,000 
ohms. Cu is 0.1 µfd. and R8 may be 0.5 to 1 megohm. 

Circuits for both half-wave and full-wave 
diodes are given in Fig. 5-2. The simplified 
half-wave circuit at 5-2A includes the r.f. 
tuned circuit, L2C1, a coupling coil, LI, from 
which the r.f. energy is fed to L2Ci, and the 
diode, I), with its load resistance, RI, and by-
pass condenser, C2. The flow of rectified r.f. 
current causes a d.c. voltage to develop across 
the terminals of RI. The — and -I- signs show 
the polarity of the voltage. The variation in 
amplitude of the r.f. signal with modulation 
causes corresponding variations in the value of 
the d.c. voltage across RI. In audio work the 
load resistor, RI, is usually 0.1 megohm or 
higher, so that a fairly large voltage will develop 
from a small rectified-current flow. 
The progress of the signal through the de-

tector or rectifier is shown in Fig. 5-3. A typi-
cal modulated signal as it exists in the tuned 
circuit is shown at A. When this signal is ap-
plied to the rectifier tube, current will flow 
only during the part of the r.f. cycle when 
the plate is positive with respect to the cath-

ode, so that the output of the rectifier consists 
of half-cycles of r.f. These current pulses flow 
ill the load circuit comprised of RI and C2, the 
resistance of R1 and the capacity of C2 being so 
proportioned that C2 charges to the peak value 
of the rectified voltage on each pulse and re-
tains enough charge between pulses so that the 
voltage across RI is smoothed out, as shown in 
C. C2 thus acts as a filter for the radio-fre-
quency component of the output of the recti-
fier, leaving a d.c. component that varies in 
the same way as the modulation on the original 
signal. When this varying d.c. voltage is ap-
plied to a following amplifier through a cou-
pling condenser (C4 in Fig. 5-2B), only the 
variations in voltage are transferred, so that 
the final output signal is a.c., as shown in D. 

In the circuit at 5-2B, R1 and C2 have been 
divided for the purpose of providing a more 
effective filter for r.f. It is important to prevent 
the appearance of any r.f. voltage in the output 
of the detector, because it may cause overload-
ing of a succeeding amplifier tube. The audio-
frequency variations can be transferred to 
another circuit through a coupling condenser, 
C4, to a load resistor, R3, which usually is a 
"potentiometer" so that the volume can be 
adjusted to a desired level. 

Coupling to the potentiometer (gain con-
trol) through a condenser also avoids any flow 
of d.c. through the gain control. The flow of 
d.c. through a high-resistance gain control 
often tends to make the control noisy (scratchy) 
after a short while. 
The full-wave diode circuit at 5-2C differs 

in operation from the half-wave circuit only in 
that both halves of the r.f. cycle are utilized. 
The full-wave circuit has the advantage that 
very little r.f. voltage appears across the load 
resistor, RI, because the midpoint of L2 is at 
the same potential as the cathode, or "ground" 
for r.f., and r.f. filtering is easier than in the 
half-wave circuit. 
The reactance of C2 must be small compared 
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Fig. 5-3 — Diagrams showing the detection process. 
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(A) 

C4 

( —>.A Fi lit 

RFC 

-13 113 
(13) 

Fig. 5-4 — Circuits for plate detection. A, triode; B, 
pentode. The input circuit. LAC:, is tuned to the signal 
frequency. Typical value- for the other components are: 

Component Circuit A Circuit II 

CS 0.5 gfd. or larger. 0.5 ad. or larger. 
Ca 0.001 to 0.002 , fil. 250 to 500 io.fd. 
C4 0.1 dd. 0.1 gfil. 
Cs 0.5 5f1. or larger. 
RI 25,000 to 150,000 ohms. 10,000 to 20,000 ohms. 
112 50,000 to 100,000 ohms. 100,000 to 250,000 ohms. 
Ra 50,000 ohms. 
114 20,000 ohms. 
RFC 2.5 mh. 2.5 mh. 

Plate voltages from 100 to 250 volts may be used. 
Effective screen voltage in B should be about 30 volts. 

to the resistance of R1 at the radio frequency 
being rectified, but at audio frequencies must 
be relatively large compared to R. If the capacity 
of C2 is too large, response at the higher audio 
frequencies will be lowered. 
Compared with other detectors, the sensitiv-

ity of the diode is low, normally running around 
0.8 in audio work. Since the diode consumes 
power, the Q of the tuned circuit is reduced, 
bringing about a reduction in selectivity. The 
loading effect of the diode is close to one-half the 
load resistance. The detector linearity is good. 
and the signal-handling capability is high. 

Plate Detectors 

The plate detector is arranged so that recti-
fication of the r.f. signal takes place in the plate 
circuit of the tube. Sufficient negative bias is ap-
plied to the grid to bring the plate current nearly 
to the eut-off point, so that application of a 
signal to the grid circuit causes an increase in 
average plate current. The average plate current 
follows the changes in signal amplitude in a 
fashion similar to the rectified current in a diode 
detector. 

Circuits for triodes and pentodes are given 
in Fig. 5-4. Cg is the plate by-pass condenser, 
and, with RFC, prevents r.f. from appear-

ing in the output. The cathode resistor, RI, pro-
vides the operating grid bias, and C2 is a by-pass 
for both radio and audio frequencies. R2 is the 
plate load resistance and C4 is the output coupling 
condenser. In the pentode circuit at B, Rs and 
R4 form a voltage divider to supply the proper 
screen potential (about 30 volts), and C5 is a 
by-miss condenser. C2 and C5 must have low 
reactance for both radio and audio frequencies. 

In general, transformer coupling from the 
plate circuit of a plate detector is not satisfac-
tory, because the plate impedance of any tube 
is very high when the bias is near the plate-
current cut-off point. Impedance coupling may 
be used in place of the resistance coupling shown 
in Fig. 5-4. Usually 100 henrys or more inductance 
is required. 
The plate detector is more sensitive than 

the diode because there is some amplifying action 
in the tube. It will handle large signals, but is not 
so tolerant in this respect as the diode. Linearity, 
with the self-biased circuits shown, is good. Up 
to the overload point the detector takes no power 
from the tuned circuit, and so does not affect 
its Q and selectivity. 

Infinite-Impedance Detector 

The circuit of Fig. 5-5 combines the high 
signal-handling capabilities of the diode detector 
with low distortion and, like the plate detector, 
does not load the tuned circuit it connects to. 
The circuit resembles that of the plate detector, 
except that the load resistance, R1, is connected 
between cathode and ground and thus is common 
to both grid and plate circuits, giving negative 
feed-back for the audio frequencies. The cath-
ode resistor is by-passed for r.f. but not for 
audio, while the plate circuit is by-passed to 
ground for both audio and radio frequencies. 
112 forms, with C3, an RC filter to isolate the 
plate from the "B" supply. An r.f. filter, con-
sist ing of a series if. choke and a shunt condenser, 
can be connected between the cathode and C4 to 
eliminate any r.f. that might otherwise appear 
in the output. 
The plate current is very low at no signal, 

increasing with signal as in the case of the plate 
detector. The voltage drop across R1 consequently 

RF Input 

A F 
Out pu 

Fig. 5-5 — The infinite-impedanee detector. The input 
circuit, L2C:, is tuned to the signal frequency. Typical 
values for the other components are: 

CS — 250 my fd. RI — 0.15 megohm. 
Ca — 0.5 pfd. 112 — 25,000 oh MA. 
C4 — 0.1 Al. R — 0.25-ineenhin volume control. 
A tube having a medium amplification factor (about 
20) should be used. Plate voltage should be 250 volts. 
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increases with signal. Because of this and the 
large initial drop across RI, the grid usually 
cannot be driven positive by the signal, and no 
grid current can be drawn. 

• REGENERATIVE DETECTORS 

By providing controllable r.f. feed-back 
(regeneration) in a triode or pentode detector 
circuit, the incoming signal can be amplified 
many times, thereby greatly increasing the 
sensitivity of the detector. Regeneration also 
increases the effective Q of the circuit and thus 
the selectivity. The grid-leak type of detector is 
most suitable for the purpose. 
The grid-leak detector is a combination diode 

rectifier and audio-frequency amplifier. In the 
circuits of Fig. 5-6, the grid corresponds to the 
diode plate and the rectifying action is exactly 
the same as in a diode. The d.c. voltage from 
rectified-current flow through the grid leak, 
RI, biases the grid negatively, and the audio-
frequency variations in voltage across RI are 
amplified through the tube as in a normal a.f. 
amplifier. In the plate circuit, 7'1, L4 and L3 are 
the plate load resistances, C3 is a by-pass con-
denser and RFC an r.f. choke to eliminate r.f. 
in the output circuit. 
A grid-leak detector has considerably greater 

sensitivity than a diode. The sensitivity is further 
increased by using a screen-grid tube instead of a 
triode, as at 5-6 13 and C. The operation is equiva-
lent to that of the triode circuit. The screen by-
pass condenser, C5, should have low reactance 
for both radio and audio frequencies. R2 and 113 
constitute a voltage divider on the plate supply 
to furnish the proper screen voltage. In both 
circuits, C2 must have low r.f. reactance and high 
a.f. reactance compared to the resistance of R. 
Although the regenerative grid-leak detector is 
more sensitive than any other type, its many 
disadvantages commend it for use only in the 
simplest receivers. The linearity is rather poor, 
and the signal-handling capability is limited. 
The signal-handling capability can be improved 
by reducing lit to 0.1 megohm, but the sensitivity 
will be decreased. The degree of antenna coupling 
is often critical. 
The circuits in Fig. 5-6 are regenerative, the 

feed-back being obtained by feeding some signal 
to the grid bark from the plate circuit. The 
amount of regeneration must be rontrollable, be-
cause maximum regenerative amplification is 

secured at t he (lit ii ' al point where the circuit is 
just about to oscillate. The critical point in 
turn depends upon (•ireuit conditions, which may 
vary with the frequency to which the detector is 
tuned. ln the oscillai ing rondition, a regenerative 
tletertur gum be del 011(41 slight ly froin an incom-
ing c.w. signal to give tintadyne reception. 
The circuit of Fig. 5-6A uses a variable by-pass 

condenser, C3, in the plate circuit to control 
regeneration. When the capacity is small the 
tube does not regenerate, but as it increases 
toward maximum its reavtance b ell/1114'S smaller 
until there is sufficient feed-hark to cause 

oscillation. If L2 and L3 am wound end-to-end in 
the sanie direction, the plate connection is to the 
outside of the plate or "tickler" coil, L3, when 
the grid connection is to the outside of L2. 
The circuit of 5-6B is for a pentode tube, re-

generation being controlled by adjustment of 
the screen-grid voltage. The tickler, L3, is in 
the plate circuit. The portion of the control 
resistor bet ween the rotating contact and 
ground is by-passed by a large condenser (0.5 

RFC 
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Fig. 5.6 — Triode and pentode regenerative detector 
circuit ,. The input circuit, 1.2C1„ is tuned to the signal 
frequene,. ' I 'he grid condenser, Cz„ sl hl have a value 
of alum' 100 add. in all cirenits: the grid leak, Ri, 
may range in value from I to 5 megoluns. The tickler coil, 
L3. Ordillaril will have from 10 to 25 per cent of the 
number of turns on Lz; in C, the cathode tap is about 10 
per cent of the number of turns III above ground. 
liegeneration-eontrol condenser I in 1 st Id have a 
maximum capacit% of 100 5f.i. i more; 1.)% -pass con-
densers C3 in It and C are likewise 100 ma tt!. Cs is ord. 
narilY 1 afd. or more: R2. a 50,000-ohm potentiometer; 
Rs, .§0.000 to 100,000 ohms. L4 in 11 ( 1.3 in C) is a 500. 
henry inductance, C4 is 0.1 afd. in both circuits. in A 
is a conventional audio transformer for coupling from 
the plate of a tube to a following grid. REC is 2.5 nth. 
In A. the plate voltage should be about 50 volts for 
best sensitis it>. Pentode eirenits require about 30 volts 
on the screen; plate potential may be 100 to 230 volts. 
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ad. or more) to filter out scratching noise 
when the arm is rotated. The feed-back is 
adjusted by varying the number of turns on 
L3 or the coupling between L2 and L3, until the 
tube just goes into oscillation at a screen po-
tential of approximately 30 volts. 

Circuit C is identical with B in principle of 
operation. Since the screen and plate are in 
parallel for r.f. in this circuit, only a small 
amount of "tickler" — that is, relatively few 
turns between the cathode tap and ground 
— is required for oscillation. 

Smooth Regeneration Control 

The ideal regeneration control would permit 
the detector to go into and out of oscillation 
smoothly, would have no effect on the fre-
quency of oscillation, and would give the same 
value of regeneration regardless of frequency 
and the loading on the circuit. In practice, the 
effects of loading, particularly the loading that 
occurs when the detector circuit is coupled to 
an antenna, are difficult to overcome. Like-
wise, the regeneration is usually affected by the 
frequency to which the grid circuit is tuned. 

In all circuits it is best to wind the tickler at 
the ground or cathode end of the grid coil, and 
to use as few turns on the tickler as will allow 
the detector to oscillate easily over the whole 
tuning range at the plate (and screen, if a pen-
tode) voltage that gives maximum sensitivity. 
Should the tube break into oscillation suddenly 
as the regeneration control is advanced, making 
a click, it usually indicates that the coupling to 
the antenna (or r.f. amplifier) is too tight. The 
wrong grid leak plus too-high plate and screen 
voltage are also frequent causes of lack of smooth-
ness in going into oscillation. 

Antenna Coupling 

If the detector is coupled to an antenna, 
slight changes in the antenna (as when the wire 
swings in a breeze) affect the frequency of the 
oscillations generated, and thereby the beat 
frequency when c.w. signals are being received. 
The tighter the antenna coupling is made, the 
greater will be the feedback required or the 
higher will be the voltage necessary to make the 
detector oscillate. The antenna coupling should 
be the maximum that will allow the detector to 
go into oscillation smoothly with the correct 
voltages on the tube. If capacity coupling to the 
grid end of the coil is used, generally only a very 
small amount of capacity will be needed to 
couple to the antenna. Increasing the capacity 
increases the coupling. 
At frequencies where the antenna system is 

resonant the absorption of energy froto the 
oscillating detector circuit will be greater, with 
the consequence that more regeneration is 
needed. In extreme cases it may not be possible 
to make the detector oscillate with normal 
voltages. The remedy for these "dead spots" is to 
loosen the antenna coupling to a point that per-
mits laninal oseillation and smooth regeneration 
con t rol. 

Body Capacity 

A regenerative detector occasionally shows a 
tendency to change frequency slightly as the 
hand is moved near the dial. This condition 
(body capacity) can be corrected by better shield-
ing, and sometimes by r.f. filtering of the 'phone 
leads. A good, short ground connection and 
loosening the coupling to the antenna will help. 

Hum 

Hum at the power-supply frequency, even 
when using battery plate supply, may result 
from the use of a.c. on the tube heater. Effects 
of this type normally are troublesome only when 
the circuit of Fig. 5-6C is used, and then only at 
14 Me. and higher. Connecting one side of the 
heater supply to ground, or grounding the center-
tap of the heater-transformer winding, will reduce 
the hum. The heater wiring should be kept as 
far as possible from the r.f. circuits. 
House wiring, if of the "open" type, may cause 

hum if the detector tube, grid lead, and grid 
condenser and leak are not shielded. This type of 
hum is easily recognizable because of its rather 
high pitch. 

Tuning 

For c.w. reception, the regeneration control 
is advanced until the detector breaks into a 
"hiss," which indicates that the detector is 
oscillating. Further advancing the regenera-
tion control after the detector starts oscillating 
will result in a slight decrease in the strength of 
the hiss, indicating that the sensitivity of the 
detector is decreasing. 
The proper adjustment of the regeneration 

control for best reception of c.w. signals is 
where the detector just starts to oscillate. Then 
c.w. signals can be tuned in and will give a tiine 
with each signal depending on the setting of the 
tuning control. As the receiver is tuned through 
a signal the tone first will be heard as a very 
high pitch, then will go down through "zero 
beat" and rise again on the other side, finally 
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Fig. 5-7 — As the tuning dial of a receiver is turned 
past a c.w. signal, the beat-note variés from a high tone 
down through "zero beat" (no audible frequency differ-
ence) and back up to a high tone, as shown at A. It and 
C. The curve is a graphical representation of the action. 

heat exists past 8000 or 10,000 cycles bill usually is 
nut heard because of the limitations of the audio system. 
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disappearing at a very high pitch. This behavior 
is shown in Fig. 5-7. A low-pitched beat-note 
cannot be obtained from a strong signal because 
the detector "pulls in" or "blocks": that is, 
the signal forces the detector to oscillate at the 
signal frequency, even though the circuit may 
not be tuned exactly to the signal. This phenom-
enon, is also called "locking-in"; the more stable 
of the two frequencies assumes control over the 
other. It usually can be corrected by advancing 
the regeneration control until the beat-note is 
heard again, or by reducing the input signal. 
The point just after the detector starts oscil-

lating is the most sensitive condition for c.w. 
reception. Further advancing the regeneration 
control makes the receiver less susceptible 
to blocking by strong signals, but also less sensi-
tive to weak signals. 

If the detector is in the oscillating condition 
and a 'phone signal is tuned in, a steady audible 
beat-note will result. While it is possible to 
listen to 'phone if the receiver can be tuned to 
exact zero beat, it is more satisfactory to reduce 
the regeneration to the point just before the 
receiver goes into oscillation. This is also the 
most sensitive operating point. 

Tuning and Band-Changing Methods 
Band-Changing 

The resonant circuits that are tuned to the 
frequency of the incoming signal constitute a 
special problem in the design of amateur re-
ceivers, since the amateur frequency assign-
ments consist of groups or bands of frequencies 
at widely-spaced intervals. The same coil and 
tuning condenser cannot be used for, say, 14 Mc. 
to 3.5 Mc., because of the impracticable maxi-
mum-to-minimum capacity ratio required, and 
also because the tuning would be excessively 
critical with such a large frequency range. It is 
necessary, therefore, to provide a means for 
changing the circuit constants for various fre-
quency bands. As a matter of convenience the 
same tuning condenser usually is retained, but 
new coils are inserted in the circuit for each band. 
One method of changing inductances is to use 

a switch having an appropriate number of con-
tacts, which connects the desired coil and discon-
nects the others. The unused coils are sometimes 
short-circuited by the switch, to avoid the possi-
bility of undesirable self resonances in the unused 
coils. It is not necessary if the coils are separated 
from each other by several coil diameters, or are 
mounted at right angles to each other. 
Another method is to use coils wound on 

forms with contacts (usually pins) that can 
be plugged in and removed from a socket. These 
coils are advantageous when space in a multiband 
receiver is at a premium. They are also very use-
ful when considerable experimental work is 
involved, because they are easier to work on than 
coils clustered around a switch. 

Bandapreading 

The tuning range of a given coil and variable 
condenser will depend upon the inductance of 
the coil and the change in tuning capacity. For 
ease of tuning, it is desirable to adjust the tun-
ing range so that practically the whole dial 
scale is occupied by the band in use. This is 
called bandspreading. Because of the varying 
widths of the bands, special tuning methods 
must be devised to give the correct maximum-
minimum capacity ratio on each band. Several 
of these methods are shown in Fig. 5-8. 

In A, a small bandspread condenser, C1 (15-
to 25-amfd. maximum capacity), is used in par-
allel with a condenser, C2, which is usually large 

enough (100 to 140 add.) to cover a 2-to-1 
frequency range. The setting of C2 will de-
termine the minimum capacity of the circuit, 
and the maximum capacity for bandspread 
tuning will be the maximum capacity of CI 
plus the setting of C2. The inductance of the 
coil can be adjusted so that the maximum-
minimum ratio will give adequate bandspread. 
It is almost impossible, because of the non-
harmonic relation of the various band limits, to 
get full bandspread on all bands with the same 
pair of condensers. C2 is variously called the 
band-setting or main-tuning condenser. It must 
be reset each time the band is changed. 
The method shown at B 

makes use of condensers in 
series. The tuning con-
denser, CI, may have a (A) 
maximum capacity of 100 
add. or more. The mini-
mum capacity is deter-
mined principally by the 
setting of C3, which usu-
ally has low capacity, and 
the maximum c mvity by 
the setting of which is 
of the order of 25 to 50 
add. This method is capa-
ble of close adjustment to 
practically any desired de-
gree of bandspread. Either 
C2 and C3 must be ad-
justed for each band or 
separate preadjusted con-
densers must be switched 
in. 
The circuit at C also gives complete spread 

on each band. C1, the bandspread condenser, 
may have any convenient value of capacity; 
50 µdd. is satisfactory. C2 may be used for con-
tinuous frequency coverage ("general cover-
age") and as a band-setting condenser. The 
effective maximum-minimum capacity ratio 
depends upon the capacity of C2 and the point 
at which C1 is tapped on the coil. The nearer 
the tap to the bottom of the coil, the greater 
the bandspread, and vice versa. For a given 
coil and tap, the bandspread will be greater 
if C2 is set at higher capacity. C2 may be mounted 
in the plug-in coil form and preset, if desired. 

(B) 

(c) 

Fig. 3-8 — Fentials 
of the three bask hand-
spread tuning systems. 
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This requires a separate condenser for each band, 
but eliminates the necessity for resetting C2 each 
time the band is changed. 

Ganged Tuning 

The tuning condensers of the several r.f. 
circuits may be coupled together mechanically 
and operated by a single control. However, 
this operating convenience involves more com-
plicated construction, both electrically and 
mechanically. It becomes necessary to make 
the various circuits track — that is, tune to the 
same frequency at each setting of the tuning 
control. 

Fig. 5-9 — Showing the use 
of a trimmer condenser to 
set the minimum circuit ca-
pacity in order to obtain true 
tracking for gang-tuning. 

True tracking can be obtained only when the 
inductance, tuning condensers, and circuit 
inductances and minimum and maximum 
capacities are identical in all "ganged" stages. 
A small trimmer or padding condenser may be 
connected across the coil, so that variations in 
minimum capacity can be compensated. The 
fundamental circuit is shown in Fig. 5-9, where 
CI is the trimmer and C3 the tuning condenser. 
The use of the trimmer necessarily increases the 
minimum circuit capacity, but it is a necessity 
for satisfactory tracking. Midget condensers 
having maximum capacities of 15 to 30 ¡pfd. are 
commonly used. 
The same methods are applied to band-

spread circuits that must be tracked. The 
circuits are identical with those of Fig. 5-8. 
If both general-coverage and bandspread tun-
ing are to be available, an additional trimmer 
condenser must be connected across the coil in 
each circuit shown. If only amateur-band tun-
ing is desired, however, then C3 in Fig. 5-8B, 
and C2 in Fig. 5-8C, serve as trimmers. 
The coil inductance can be adjusted by 

starting with a larger number of turns than 

necessary and removing a turn or fraction of 
a turn at a time until the circuits track satis-
factorily. An alternative method, provided the 
inductance is reasonably close to the correct 
value initially, is to make the coil so that the 
last turn is variable with respect to the whole 
coil, or to use a single short-circuited turn the 
position of which can be varied with respect to 
the coil. The application of these methods is 
shown in Fig. 5-10. 

Still another method for trimming the in-
ductance is to use an adjustable brass (or copper) 
or powdered-iron core. The brass core acts like a 
single shorted turn, and the inductance of the 
coil is decreased as the brass core, or "slug," is 
moved into the coil. The powdered-iron core has 
the opposite effect, and increases the inductance 
as it is moved into the coil. The Q of the coil is 
not affected materially by the use of the brass 
slug, provided the brass slug has a clean surface 
or is silverplated. The use of the powdered-iron 
core will raise the Q of a coil, provided the iron 
is suitable for the frequency in use. Good pow-
dered-iron cores can be obtained for use up to 
about 50 Mc. 

(A) (B) 
Fig. 5-10 — Methods of adjusting the inductance for 
ganging. The half-turn in A can be moved so that its 
magnetic field either aids or opposes the field of the coil. 
The shorted loop in B is not connected to the coil, but 
operates by induction. It will have no effect on the coil 
inductance when the axis of the loop is perpendicular 
to the axis of the coil, and will give maximum reduction 
of the coil inductance when rotated 90°. The loop can be 
a solid disk of metal and give exactly the same effect. 

The Superheterodyne 

For many years (up to about 1932) practi-
cally the only type of receiver to be found in 
amateur stations consisted of a regenerative 
detector and one or more stages of audio amplifi-
cation. Receivers of this type can be made quite 
sensitive but strong signals block them easily 
and, in our present crowded bands, they are 
seldom used except in emergencies. They have 
been replaced by superheterodyne receivers, 
generally called "superhets." 

The Superheterodyne Principle 

In a superheterodyne receiver, the frequency 
of the incoming signal is heterodyned to a new 
radio frequency, the intermediate frequency 
(abbreviated "i.f."), then amplified, and finally 
detected. The frequency is changed by modulating 
the output of a tunable oscillator (the high-fre-

quency, or local, oscillator) by the incoming 
signal in a mixer or converter stage (first de-
tector) to produce a side frequency equal to the 
intermediate frequency. The other side frequency 
is rejected by selective circuits. The audio-
frequency signal is obtained at the second 
detector. C.w. signals are made audible by 
autodyne or heterodyne reception at the second 
detector. 
As a numerical example, assume that an 

intermediate frequency of 455 kc. is chosen 
and that the incoming signal is at 7000 kc. 
Then the high-frequency oscillator frequency 
may be set to 7455 kc., in order that one side 
frequency (7455 minus 7000). will be 455 kc. 
The high-frequency oscillator could also be set 
to 6545 kc. and give the same difference fre-
quency. To produce an audible . c.w. signal at 
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the, second detector of, say, 1000 cycles, the 
autodyning or heterodyning oscillator would 
be set to. either 454 or 456 kc. 
The frequency-conversion process permits 

r.f. amplification at a relatively low frequency, 
the if. High selectivity and gain can be ob-
tained at this frequency, and this selectivity 
and gain are constant. The separate oscillators 
can be designed for best stability and, since the 
h.f. oscillator is working at a frequency con-
siderably removed from the signal frequency, 
its frequency is not affected by the incoming 
signal. 

Images 

Each h.f. oscillator frequency will cause i.f. 
response at two signal frequencies, one higher 
and one lower than the oscillator frequency. 
If the oscillator is set to 7455 kc. to tune to a 
7000-kc. signal, for example, the receiver can 
respond also to a signal on 7910 Ice., which 
likewise gives a 455-kc. beat. The undesired 
signal is called the image. It can cause unneces-
sary interference if it isn't eliminated. 
The radio-frequency circuits of the receiver 

(those used before the frequency is converted 
to the i.f.) normally are tuned to the desired 
signal, so that the selectivity of the circuits re-
duces or eliminates the response to the image 
signal. The ratio of the receiver voltage out-
put from the desired signal to that from the 
image is called the signal-to-image ratio, or 
image ratio. 
The image ratio depends upon the selectivity 

of the r.f. tuned circuits preceding the mixer 
tube. Also, the higher the intermediate fre-
quency, the higher the image ratio, since raising 
the i.f. increases the frequency separation be-
tween the signal and the image and places the 
latter further away from the resonance peak 
of the signal-frequency input circuits. Most 
receiver designs represent a compromise be-
tween economy (few r.f. stages) and image re-
jection (large number of r.f. stages). 

Other Spurious Responses 

In addition to images, other signals to which 
the receiver is not ostensibly tuned may be 
heard. Harmonics of the high-frequency oscil-
lator may beat with signals far removed from 
the desired frequency to produce output at the 
intermediate frequency; such spurious responses 
can be reduced by adequate selectivity before 
the mixer stage, and by using sufficient shielding 
to prevent signal pick-up by any means other 
than the antenna. When a strong signal is re-
ceived, the harmonics generated by rectification 
in the second detector may, by stray coupling, 
be introduced into the r.f. or mixer circuit and 
converted to the intermediate frequency, to go 
through the receiver in the sanie way as an ordi-
nary signal. These "birdies" appear as a hetero-
dyne beat on the desired signal, and are princi-
pally bothersome when the frequency of the 
incoming signal is not greatly different from the 

intermediate frequency. The cure is proper 
circuit isolation and shielding. 
I larmonirs of the beat oscillator also may be 

converted in similar fashion and amplified 
through the receiver; these responses can be 
reduced by shielding the beat oscillator and 
operating it. at low power level. 

The Double Superheterodyne 

At high and very-high frequencies it is diffi-
cult to secure an adequate image ratio when 
the intermediate frequency is of the order of 
455 kc. To reduce image response the signal 
frequently is converted first to a rather high 
(1500, 5000, or even 10,000 kc.) intermediate 
frequency, and then — sometimes after fur-
ther amplification — reconverted to a lower 
i.f, where higher adjacent-channel selectivity 
can be obtained. Such a receiver is called a 
double superheterodyne. 

• FREQUENCY CONVERTERS 
A circuit tuned to the intermediate frequency 

is placed in the plate circuit of the mixer, to offer 
a high impedance to the i.f. voltage that is devel-
oped. The signal- and oscillator-frequency volt-
ages appearing in the place circuit are rejected by 
the selectivity of this circuit. The i.f. tuned 
circuit should have low impedance for these 
frequencies, a condition easily met if they do 
not approach the in frequency. 
The conversion efficiency of the mixer is 

the ratio of i.f. output voltage from the plate 
circuit to r.f. signal voltage applied to the grid. 
High conversion efficiency is desirable. The 
mixer tube noise also should be low if a good 
signal-to-noise ratio is wanted, particularly 
if the mixer is the first tube in the receiver. 
The mixer should not require too much r.f. 

power from the h.f. oscillator, since it may be 
difficult to supply the power and yet maintain 
good oscillator stability. Also, the conversion 
efficiency should not depend too critically on 
the oscillator voltage (that is, a small change 
in oscillator output should not change the 
gain), since it is difficult to maintain constant 
output over a wide frequency range. 
A change in oscillator frequency caused by 

tuning of the mixer grid circuit is called pulling. 
Pulling should be minimized, because the stabil-
ity of the whole receiver depends critically upon 
the stability of the h.f. oscillator. Pulling de-
creases with separation of the signal and h.f.-
oscillator frequencies, being less with high in-
termediate frequencies. Another type of pull-
ing is caused by regulation in the power supply. 
Strong signals cause the supply voltage to 
change, and this in turn shifts the oscillator 
frequency. 

Circuits 

If the first detector and high-frequency oscilla-
tor are separate tubes, the first detector is called 
a "mixer." If the two are combined in one en-
velope (as is often done for reasons of economy or 
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• efficiency), the first detector is called a "eon-
verter." In either case the function is the same. 

Typical mixer circuits are shown in Fig. 3-11. 
The variations are chiefly in the way in which 
the oscillator voltage is introduced. In 5-11A, 
a pentode functions as a plate detector; the 
oscillator voltage is capacity-coupled to the 
grid of the tube through (.'2. Inductive coupling 
may be used instead. The conversion gain and 
input selectivity generally are good, so long as 
the sum of the two voltages (signal and oscilla-
tor) impressed on the mixer grid does not exceed 
the grid bias. It is desirable to make the oscillator 
voltage as high as possible without exceeding 
this limitation. The oscillator power required is 
negligible. If the signal frequency is only 5 or 10 
times the i.f., it may be difficult to develop enough 
oscillator voltage at the grid (because of the 
selectivity of the tuned input circuit). However, 
the circuit is a sensitive one and makes a good 
mixer, particularly with high-Gm tubes like the 
.61C7 and 6AK5. A good triode also works well 
in the circuit, and tubes like the 7F8 (one section), 
the 6J6 (one section), the 12AT7 (one section), 
and the 6.14 work well. When a triode is used, 
the signal frequency must be short-circuited in 
the plate circuit, and this is done by connecting 
the tuning capacitor of the i.f. transformer 
directly from plate to cathode. 

It is difficult to avoid "pulling" in a triode 
or pentode mixer, and a pentagrid converter 
tube provides much better isolation. A typical 
- i circuit s shown iii Fig. 5-11B, and tubes like the 
68A7, 7Q7 or 6BE6 are commonly used. The 
oscillator voltage is introduced through an "in-
jection" grid. Measurement of the rectified 
current flowing in 112 is used as a check for proper 
oscillator-voltage amplitude. Tuning of the 
signal-grid circuit can have little effect on the 
oscillator frequency because the injection grid is 
isolated from the signal grid by a screen grid 
that is at r.f. ground potential. The pentagrid 
mixer is not quite as sensitive as a triode or pen-
tode mixer, but its isolating characteristics make 
it a very useful device. 
Many receivers use pentagrid converters, and 

two typical circuits are shown in Fig. 5-12. 
The circuit shown in Fig. 5-12A, which is suitable 
• for the 6K8, is for a "triode-hexode" converter. 
A triode oscillator tube is mounted in the same 
envelope with a hexode, and the control grid of 
the oscillator portion is connected internally to 
an injection grid in the hexode. The isolation 

To Oscillator 

+250 

Fig. 5-11 — Typical circuits for separately-excited 
mixers. Grid inji•i•t ion of a pentode mixer i.- -it", it at A, 
and separate excitation of a pentagrid eons viler j. given 
in 11. Typical values for LI will be found in Fable 5-1 — 
the values below are for the pentode mixer of A. 
CI — 10 to 50 geifd. Rs — 1.0 megolun. 
Cs — 5 to 10 agfel. Rs — 0.47 megohm. 
Cs, C4, CS — 0.001 pfd. 114 — 1500 ohms. 
RI — 6800 ohms. 

Positive supply voltage can be 250 volts with a 
6AC7, 150 with a 6AK5. 

between oscillator and converter tube is reason-
ably good, and very little pulling results, except 
on signal frequencies that are quite large com-
pared with the i.f. 
The pentagrid-converter circuit shown in Fig. 

5-12B can be used with a tube like the 68.17, 
68B7Y, 6BA7 or 6BE6. Generally the only care 
necessary is to adjust the feed-back of the oscilla-
tor circuit to give the proper oscillator r.f. volt-
age. This condition is checked by measuring the 
d.c. current flowing in grid resistor R2. 
A more stable receiver generally results, par-

ticularly at the higher frequencies, when sepa-
rate tubes are used for the mixer and oscillator. 
Practically the same number of circuit corn-

TABLE 5-1 

Circuit and Operating Values for Converter Tubes 
Plate voltage = 250 Screen voltage = 100. or through specified resistor from 250 volts 

SELF-EXCITED ›EPARATE EXCITATION 

Cathode Screen Grid Grid Cathode Screen Grid Grid 
Tub,. Resistor Resistor Leak Current Resistor Resistor Leak Current 

6111,17'  0 12,000 22,000 0.35 ma. 68 l5.000 22,000 0.35 ma. 
6BE6' 0 22,000 22,000 0.5 150 22,000 22,000 0.5 
6K82   240 27,000 47,000 0.15-0.2 — — 
6SA72( 7(.)7')   0 18,000 22,000 0.5 150 18,000 22,000 0.5 
6S1171 2  0 15,000 22,000 0.35 68 15,000 22,000 0.35 

1 Miniature tube 2 Octal base, metal. , Lock-in base. 
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6557, 68E6 or 6587 

+ 250 

Fig. 5-12 — Typical circuits for triode-hexode (A) and 
pentagrid (B) converters. Values for RI, R2 and Ros can 
be found in Table 5-1; others are given below. 
Ci — 47 pmfd. C3 — 0.01 mfd. 
C2, CI, C3 — 0.001 dd. 114 — 1000 ohms. 

ponente is required whether or not a combi-
nation tube is used, so that there is very little 
difference to be realized from the cost standpoint. 

Typical circuit constants for converter tubes 
are given in Table 5-I. The grid leak referred 
to is the oscillator grid leak or injection-grid 
return, Rg of Figs. 5-11 and 5-12. 
The effectiveness of converter tubes of the type 

just described becomes less as the signal fre-
quency is increased. Some oscillator voltage will 
be coupled to the signal grid through "space-
charge" coupling, an effect that increases with 
frequency. If there is relatively little frequency 
difference between oscillator and signal, as for 
example a 14- or 28-Mc, signal and an i.f. of 455 
kc., this voltage can become considerable because 
the selectivity of the signal circuit will be unable 
to reject it. If the signal grid is not returned 
directly to ground, but instead is returned 
through a resistor or part of an a.v.c. system, 
considerable bias can be developed which will 
cut down the gain. For this reason, and to reduce 
image response, the i.f. following the first con-
verter of a receiver should be not less than 5 or 10 
percent of the signal frequency, for best results. 

Audio Converters 

Converter circuits of the type shown in Fig. 
5-12 can be used to advantage in the reception of 
c.w. and single-sideband suppressed-career sig-
nals, by introducing the local oscillator on the 
No. 1 grid, the signal on the No. 3 grid, and work-
ing the tube into an audio load. Its operation eats 

be visualized as heterodyning the incoming signal 
into the audio range. The use of such circuits for 
audio conversion ha.s been limited to selective i.f. 
amplifiers operating below 500 kc. and usually 
below 100 kc. An ordinary a.m. signal cannot be 
received on such a detector unless the tuning is 
adjusted to make the local oscillator zero-beat 
with the incoming carrier. 

Since the beat oscillator modulates the electron 
stream completely, a large beat-oscillator com-
ponent exists in the plate circuit. To prevent 
overload of the following audio amplifier stages, 
an adequate i.f. filter must be used in the output 
of the converter. 

• THE HIGH-FREQUENCY OSCILLATOR 
Stability of the receiver is dependent chiefly 

upon the stability of the h.f. oscillator, and 
particular care should be given this part of the 
receiver. The frequency of oscillation should be 
insensitive to mechanical shock and changes 

(SA) 

(B) 

(c) 

Fig. 5-13 — Iligh-frequency oscillator circuits. A, pen-
tode grounded-plate oscillator; B, triode grounded. 
plate oscillator; C, triode oscillator With tickler circuit. 
Coupling tothemixermay betaken from points Nand Y. l n 
A and B, coupling from Y will reduce pulling effects, but 
gives less voltage than from N; this type is best adapted 
to mixer circuits with small oscillator-voltage require-
ments. Typical values for components are as follows: 

Circuit 4 Circuit B Circuit C 

CI — 100 mmfd. 100 µphi. 100 µJAM. 
C2 — 0.1 mfd. 0.1 mfd. 0.1 mfd. 
C3 — 0.1 mfd. 
11: — 47,000 ohms. 47,000 ohms. 47,000 ohms. 
112 — 47,000 ohms. 10,000 to 10,000 to 

25,000 ohms. 25,000 ohms. 

The plate-supply voltage should be 250 volts. In cir-
cuits B and C, R2 is used to drop the supply voltage to 
100-150 volts; it may be omitted if voltage is obtained 
from a voltage divider in the power supply. 
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in voltage and loading. Thermal effects (slow 
change in frequency because of tube or circuit 
heating) should be minimized. They can be 
reduced by using ceramic instead of bakelite 
insulation in the r.f. circuits, a large cabinet 
relative to the chassis (to provide for good radia-
tion of developed heat), minimizing the number 
of high-wattage resistors in the receiver and put-
ting them in the separate power supply, and not 
mounting the oscillator coils and tuning con-
denser too close to a tube. Propping up the lid 
of a receiver will often reduce drift by lowering 
the terminal temperature of the unit. 

Sensitivity to vibration and shock can be 
minimized by using good mechanical support for 
coils and tuning condensers, a heavy chassis, and 
by not hanging any of the oscillator-circuit com-
ponents on long leads. Tie-points should be used 
to avoid long leads. Stiff short leads are excellent 
because they can't be made to vibrate. 
Smooth tuning is a great convenience to the 

operator, and can be obtained by taking pains 
with the mounting of the dial and tuning con-
densers. They should have good alignment 
and no back-lash. If the condensers are mounted 
off the chassis on posts instead of brackets, it is 
almost impossible to avoid some back-lash 
unless the posts have extra-wide bases. The 
condensers should be selected with good wiping 
contacts to the rotor, since with age the rotor 
contacts can be a source of erratic tuning. All 
joints in the oscillator tuning circuit should be 
carefully soldered, because a loose connection or 
"rosin joint" can develop trouble that is some-
times hard to locate. The chassis and panel 
materials should be heavy and rigid enough so 
that pressure on the tuning dial will not cause 
torsion and a shift in the frequency. 

In addition, the oscillator must be capable 
of furnishing sufficient r.f. voltage and power 
for the particular mixer circuit chosen, at all 
frequencies within the range of the receiver, 

and its harmonic output should be as low as 
possible to reduce the possibility of spurious 
responses. 
The oscillator plate power should be as low 

as is consistent with adequate output. Low 
plate power will reduce tube heating and there-
by lower the frequency drift. The oscillator 
and mixer circuits should be well isolated, pref-
erably by shielding, since coupling other than by 
the intended means may result in pulling. 

If the h.f.-oscillator frequency is affected by 
changes in plate voltage, a voltage-regulated 
plate supply (VR tube) can be used. 

Circuits 

Several oscillator circuits are shown in Fig. 
5-13. The point at which output voltage is taken 
for the mixer is indicated in each case by X or 
Y. Circuits A and B will give about the same 
results, and require only one coil. However, in 
these two circuits the cathode is above ground 
potential for r.f., which often is a cause of hum 
modulation of the oscillator output at 14 Me. 
and higher frequencies when a.c.-heated-cathode 
tubes are used. The circuit of Fig. 5-13C reduces 
hum because the cathode is grounded. It is simple 
to adjust, and it is also the best circuit to use with 
filament-type tubes. With filament-type tubes, 
the other two circuits would require r.f. chokes to 
keep the filament above r.f. ground. 

Besides the use of a fairly high CIL ratio in 
the tuned circuit, it is necessary to adjust the 
feed-back to obtain optimum results. Too much 
feed-back may cause the oscillator to "squeg" 
and generate several frequencies simultaneously; 
too little feed-back will cause the output to be 
low. In the tapped-coil circuits (A, B), the feed-
back is increased by moving the tap toward the 
grid end of the coil. Vsing the oscillator shown 
at C, feed-back is obtained by increasing the 
number of turns on L2 or by moving L2 closer to 
L1. 

The Intermediate-Frequency Amplifier 

One major advantage of the superliet is that 
high gain and selectivity can be obtained by 
using a good i.f. amplifier. This can be a one-
stage affair in simple receivers, or two or three 
stages in the more elaborate sets. 

Choice of Frequency 

The selection of an intermediate frequency 
is a compromise between conflicting factors. The 
lower the i.f. the higher the selectivity and gain, 
but a low i.f. brings the image nearer the desired 
signal and hence decreases the image ratio. A 
low i.f. also increases pulling of the oscillator 
frequency. On the other hand, a high i.f. is benefi-
cial to both image ratio and pulling, but the 
selectivity and gain are lowered. The difference 
in gain is least important. 
An i.f. of the order of 455 ke. gives good selec-

tivity and is satisfactory from the standpoint of 
image ratio and oscillator pulling at frequencies 

up to 7 Mc. The image ratio is poor at 14 Mc. 
when the mixer is connected to the antenna, but 
adequate when there is a tuned r.f. amplifier 
between antenna and mixer. At 28 Mc. and on 
the very-high frequencies, the image ratio is very 
poor unless several r.f. stages are used. Above 14 
Mc., pulling is likely to be bad unless very loose 
coupling can be used between mixer and oscil-
lator. 
With an i.f. of about 1600 Ice., satisfactory 

image ratios can be secured on 14, 28 and 50 
Me. but the i.f. selectivity is considerably lower. 
For frequencies of 28 Mc. and higher, the best 
solution is to use a double superheterodyne, 
choosing one high i.f. for image reduction (5 
and 10 Mc. are frequently used) and a lower 
one for gain and selectivity. 

In choosing an i.f. it is wise to avoid frequen-
cies on which there is considerable activity by 
the various radio services, since such signals 
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may be picked up directly on the i.f. wiring. 
Shifting the i.f. or better shielding are the solu-
tions to this interference problem. 

Fidelity; Sideband Cutting 

Modulation of a carrier causes the genera-
tion of sideband frequencies numerically equal 
to the carrier frequency plus and minus the 
highest modulation frequency present. If the 
receiver is to give a faithful reproduction of 
modulation that contains, for instance, audio 
frequencies up to 5000 cycles, it must at least be 
capable of amplifying equally all frequencies con-
tained in a band extending from 5000 cycles 
above or below the carrier frequency. In a super-
heterodyne, where all carrier frequencies are 
changed to the fixed intermediate frequency, this 
means that the i.f. amplifier should amplify 
equally well all frequencies within that band. In 
other words, the amplification must be uniform 
over a band 5 Ice. wide, when the carrier is set at 
one edge. If the carrier is set in the center, a 
10-kc. band is required. The signal-frequency 
circuits usually do not have enough over-all 
selectivity to affect materially the "adjacent-
channel" selectivity, so that only the i.f.-amplifier 
selectivity need be considered. 

If the selectivity is too great to permit uni-
form amplification over the band of frequen-
cies occupied by the modulated signal, some 
of the sidebands are "cut." While sideband cut-
ting reduces fidelity, it is frequently preferable 
to sacrifice naturalness of reproduction in favor 
of communications effectiveness. 
The selectivity of an i.f. amplifier, and hence 

the tendency to cut sidebands, increases with 
the number of amplifier stages and also is greater 
the lower the intermediate frequency. From the 
standpoint of communication, sideband cutting 
is never serious with two-stage amplifiers at 
frequencies as low as 455 Ice. A two-stage i.f. 
amplifier at 85 or 100 Ice. will be sharp enough to 
cut some of the higher-frequency sidebands, if 
good transformers are used. However, the cutting 
is not at all serious, and the gain in selectivity is 
worthwhile if the receiver is used in the lower-
frequency bands. 

Circuits 

I.f. amplifiers usually consist of one or two 
stages. At 455 kc. two stages generally give 
all the gain usable, and also give suitable se-
lectivity for 'phone reception. 
A typical circuit arrangement is shown in 

Fig. 5-14. A second stage would simply dupli-
cate the circuit of the first. The i.f. amplifier 
practically always uses a remote cut-off pen-
tode-type tube operated as a Class A amplifier. 
For maximum selectivity, double-tuned trans-
formers are used for interstage coupling, al-
though single-tuned circuits or transformers 
with untuned primaries can be used for cou-
pling, with a consequent loss in selectivity. All 
other things being equal, the selectivity of an 
i.f. amplifier is proportional to the number of 
tuned circuits in it. 

In Fig. 5-14, the gain of the stage is reduced 
by introducing a negative voltage to the lead 
marked "to a.v.c." or a positive voltage to R1 
at the point marked "to manual gain control." 
In either case, the voltage increases the bias on 
the tube and reduces the mutual conductance 
and hence the gain. When two or more stages are 
used, these voltages are generally obtained from 
common sources. The decoupling resistor, R3, 
helps to prevent unwanted interstage coupling. 
C2 and Re are part of the automatic volume-
control circuit (described later); if no a.v.c. is 
used, the lower end of the i.f.-transformer sec-
ondary is connected to ground. 

In a two-stage amplifier the screen grids of 
both stages may be fed from a common supply, 
either through a resistor (R2) as shown, the 
screens being connected in parallel, or from a 
voltage divider across the plate supply. Sep-
arate screen voltage-dropping resistors are pref-
erable for preventing undesired coupling between 
stages. 

Typical values of cathode and screen re-
sistors for common tubes are given in Table 
5-II. The 6K7, 68K7, 6BJ6 and 7H7 are recom-
mended for if, work. The indicated screen re-
sistors drop the plate voltage to the correct 
screen voltage, as R2 in Fig. 5-14. 
When two stages are used the high gain will 

tend to cause instability and oscillation, so 
that good shielding, by-passing, and careful 
circuit arrangement to prevent stray coupling, 
with exposed r.f. leads well separated. are nec-
essary. 

I.F. Transformers 

The tuned circuits of i.f. amplifiers are built 
up as transformer units consisting of a metal 
shield container in which the coils and tuning 
condensers are mounted. Both air-core and 
powdered iron-core universal-wound coils are 
used, the latter having somewhat higher Qs 
and hence greater selectivity and gain. In uni-
versal windings the coil is wound in layers with 
each turn traversing the length of the coil, back 
and forth, rather than being wound perpendicu-
lar to the axis as in ordinary single-layer coils. 
In a straight multilayer winding, a fairly large 

Plaie of 
recent 
state 

+a 

I F Trans Trans 

T 
To manual 
tam c ntrol 

To AVC. +8 

I, Next 
stage 

Fig. 5-14 — Typical intermediate-frequency amplifier cir-
cuit for a superheterodyne receiver. Representative values 
for components are as follows: 
Ci — 0.1 AM. at 455 kv.; 0.01 mfd. at 10110 kc. and higher. 
Ci — 0.01 AM. 
Cs, C4, C5 — 0.1 afd. at 455 Ice.; 0.01 dd. above 1000 Lc. 
Rh Ha — See Table 5-11. 113 — 1800 ohms. 
1.14 — 0.27 megolim. 
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1/194-gability mica. 
fixedcarreters 

PERMEABILITY TUNED 

Fig. 5-15 — Representative i.f.-transformer construc-
tion. Coils are supported on insulating tubing or (in the 
air-tuned type) on wax-impregnated wooden (loads. 
The shield in the air-tuned transformer prevents ca-
pacity coupling between the tuning condensers. In the 
permeability-tuned transformer the cores consist of 
finely-divided iron particles supported in an insulat-
ing binder, formed into cylindrical "plugs." The 
tuning capacity is fixed, and the inductances of the 
coils are varied by moving the iron plugs in and out. 

capacity can exist between layers. Universal 
winding, with its "criss-crossed" turns, tends to 
reduce distributed-capacity effects. 

For tuning, air-dielectric tuning condensers 
are preferable to mica compression types because 
their capacity is practically unaffected by changes 
in temperature and humidity. Iron-core trans-
formers may be tuned by varying the inductance 
(permeability tuning), in which case stability 
comparable to that of variable air-condenser 
tuning can be obtained by use of high-stability 
fixed mica condensers. Such stability is of great 
importance, since a circuit whose frequency 
"drifts" with time eventually will be tuned to a 
different frequency than the other circuits, 
thereby reducing the gain and selectivity of the 
amplifier. Typical i.f.-transformer construction 
is shown in Fig. 5-15. 

Besides the type of i.f. transformer shown in 
Fig. 5-15, special units to give desired selectiv-
ity characteristics are available. For higher-
than-ordinary adjacent-channel selectivity triple-
tuned transformers, with a third tuned circuit 
inserted between the input and output windings, 
are sometimes used. The energy is transferred 
from the input to the output windings via this 
tertiary winding, thus adding its selectivity to 
the over-all selectivity of the transformer. Varia-
ble-selectivity transformers also can be obtained. 
These usually are provided with a third (un-
tuned) winding which can be connected to a 
resistor, thereby loading the tuned circuits and 
decreasing the Q to broaden the selectivity curve. 
The resistor is switched in and out of the circuit 
to vary the selectivity. Another method is to 
vary the coupling between primary and sec-
ondary, overcoupling being used to broaden the 
selectivity curve. Special circuits using single 
tuned circuits, coupled in any of several different 
ways, are used in some applications. 

2 times 
Intermediate Frequency down 

One stage. 50 ke. (iron core). . . 0. 8 
One stage, 455 lie. (air core) 8.7 
One stage, 455 lie. (iron core) .  4.3 
Two stages, 455 lie. (iron core) 2.9 
Two stages, 1600 kc   11.0 
Two stages, 5000 ke   25.8 

Selectivity 

The over-all selectivity of the r.f. amplifier 
will depend on the frequency and the number 
of stages. The following figures are indicative 
of the bandwidths to be expected with good-
quality transformers in amplifiers so constructed 
as to keep regeneration at a minimum: 

Bandwidth in Kilocycles 
10 times 100 times 
down down 
1.4 2.8 

17.8 32.3 
10.3 20.4 
6.4 10.8 
16.6 27.4 
46.0 100.0 

Tubes for I.F. Amplifiers 

Variable-is (remote cut-off) pentodes are al-
most invariably used in i.f. amplifier stages, 
since grid-bias gain control is practically always 
applied to the i.f. amplifier. Tubes with high 
plate resistance will have least effect on the 
selectivity of the amplifier, and those with high 
mutual conductance will give greatest gain. The 
choice of i.f. tubes has practically no effect on the 
signal-to-noise ratio, since this is determined by 
the preceding mixer and r.f. amplifier. 
When single-ended tubes are used, the plate 

and grid leads should be well separated. With 
these tubes it is advisable to mount the screen 
by-pass condenser directly on the bottom of the 
socket, crosswise between the plate and grid 
pins, to provide additional shielding. The outside 
foil of the condenser should be grounded. 

• THE SECOND DETECTOR AND 
BEAT OSCILLATOR 

Detector Circuits 

The second detector of a superheterodyne 
receiver performs the same function as the de-
tector in the simple receiver, but usually operates 
at a higher input level because of the relatively 

TABLE 5- II 

Cathode and Screen-Dropping 
Resistors for R.F. or I.F. Amplifiers 

Tube Plate Screen Cathode Screen 
Volts Volts Resistor Resistor 

6AB7,• 300 200 ohms 33,000 ohms 
6A071 300 160 62,000 
6AK52 180 120 200 27,000 
6AC62 250 150 68 33,000 
6BA62• 250 100 68 33,000 
613H62 250 150 100 33,000 
65J62• 250 100 82 47,000 
6J71 250 100 1200 270,000 
61i7t• 250 125 240 47,000 
lit4:71• 250 125 68 27,000 

250 150 200 47,000 
250 150 68 39,000 

6SJ7, 250 100 820 180,000 
68K7,• 250 100 270 56,000 
7G7/12322 250 100 270 68,000 
7H72• 250 150 ISO 27,000 
= Octal base, metal. = Miniature tube. = Lock-in base. 
• Remote cut-off type. 
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Fig. 5.16— Automatic volume-control 
circuit using a dual-diode-triode as a 
romhined a.v.c. rectifier, second de-
tector and first a.f. amplifier. 

Hi — 0.27 megohm. 
lia — 50,000 to 250,000 ohms. 
lia — 1800 ohms. 
R4 — 2 to 5 megohms. 
Rs — 0.5 to 1 megohm. 
R6, R7, Rs, Hs — 0.25 megohm. 
li to — 0.5-megolun variable. 
CI, C2, C3 — 100 55M. 
( :4 0.1 mfd. 
Cs, C6, C7 — 0.01 mfd. 
Cs, Cs — 0.01 to 0.1 dd. 
Cio — 5. to 10-51d. electrolytic. 
Cu —270 pad. 

great amplification ahead of it. Therefore, the 
ability to handle large signals without distortion 
is preferable to high sensitivity. Plate detection 
is used to some extent, but the diode detector is 
most popular. It is especially adapted to furnish-
ing automatic gain or volume control. The basic 
circuits have been described, although in many 
eases the diode elements are incorporated in a 
multipurpose tube that contains an amplifier 
section in addition to the diode. 

The Beat Oscillator 

Any standard oscillator circuit may be used 
for the beat oscillator required for heterodyne 
reception. Special beat-oscillator transformers 
are available, usually consisting of a tapped 
coil with adjustable tuning; these are most con-
veniently used with the circuits shown in Fig. 
5-13A and B, with the output taken from Y. A 
variable condenser of about 25-µµfd. capacity 
may be connected between cathode and ground 
to provide fine adjustment of the frequency. The 
beat oscillator usually is coupled to the second-
detector tuned circuit through a fixed condenser 
of a few add. capacity. 
The beat oscillator should be well shielded, 

to prevent coupling to any part of the receiver 
except the second detector and to prevent its 
harmonics from getting into the front end and 
being amplified along with desired signals. The 
b.f.o. power should be as low as is consistent with 
sufficient audio-frequency output on the strongest 
signals. However, if the beat-oscillator output 
is too low, strong signals will not give a propor-
tionately strong audio signal. Contrary to some 
opinion, a weak b.f.o. is never an advantage. 

• AUTOMATIC VOLUME CONTROL 
Automatic regulation of the gain of the re-

ceiver in inverse proportion to the signal strength 
is an operating convenience in 'phone reception, 
since it tends to keep the output level of the 
receiver constant regardless of input-signal 
strength. The average rectified d.c. voltage, 
developed by the received signal across a re-
sistance in a detector circuit, is used to vary the 
bias on the r.f. and if. amplifier tubes. Since this 

voltage is proportional to the average amplitude 
of the signal, the gain is reduced as the signal 
strength becomes greater. The control will be 
more complete as the number of stages to which 
the a.v.c. bias is applied is increased. Control of 
at least two stages is advisable. 

Circuits 

A typical circuit using a diode-triode type 
tube as a combined a.v.c. rectifier, detec-
tor and first audio amplifier is shown in Fig. 
5-16. One plate of the diode section of the 
tube is used for signal detection and the other 
for a.v.c. rectification. The a.v.c. diode plate 
is fed from the detector diode through the 
small coupling condenser, C3. A negative bias 
voltage resulting from the flow of rectified car-
rier current is developed across R4, the diode 
load resistor. This negative voltage is applied to 
the grids of the controlled stages through the 
filtering resistors, R2, R6, R7 and Rg. When Si is 
closed the a.v.c. line is grounded, removing the 
a.v.c. bias from the amplifiers. 

It does not matter which of the two diode 
plates is selected for audio and which for a.v.c. 
Frequently the two plates are connected to-
gether and used as a combined detector and a.v.c. 
rectifier. This could be done in Fig. 5-16. The 
a.v.c. filter and line would connect to the junction 
of R2 and C2, while Cg and R4 would be omitted 
from the circuit. 

Delayed A.V. C. 

In Fig. 5-16 the audio-diode return is made 
directly to the cathode and the a.v.c. diode is 
returned to ground. This places bias on the a.v.c. 
diode equal to the d.c. drop through the cathode 
resistor (a volt or two) and thus delays the appli-
cation of a.v.c. voltage to the amplifier grids, 
since no rectification takes place in the a.v.c. 
diode circuit until the carrier amplitude is large 
enough to overcome the bias. Without this delay 
the a.v.c. would start working even with a very 
small signal. This is undesirable, because the 
full amplification of the receiver then could not 
be realized on weak signals. In the audio-diode 
circuit fixed bias would cause distortion, so the 
return there is directly to the cathode. 
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Time Constant 

The time constant of the resistor-condenser 
combinations in the a.v.e. circuit is an important 
part of the system. It must be high enough so 
that the modulation on the signal is completely 
filtered from the d.c. output, leaving only an 
average d.c. component which follows the rela-
tively slow carrier variations with fading. Audio-
frequency variations in the a.v.c. voltage applied 
to the amplifier grids would reduce the percentage 
of modulation on the incoming signal. But the 
time constant must not be too great or the a.v.c. 
will be unable to follow rapid fading. The ca-
pacitance and resistance values indicated in Fig. 
5-16 will give a time constant that is satisfactory 
for average reception. 

C. W. 

Ave. can be used for c.w. reception but the 
circuit is more complicated. The a.v.c. voltage 
must be derived from a rectifier that is isolated 
from the beat-frequency oscillator (otherwise the 
rectified b.f.o. voltage will reduce the receiver 
gain even with no signal coming through). This 
is generally done by using a separate a.v.c. chan-
nel connected to an i.f. amplifier stage ahead of 
the second detector (and b.f.o.). If the selectivity 
ahead of the a.v.c. rectifier isn't good, strong 
adjacent signals will develop a.v.c. voltages that 
will reduce the receiver gain while listening to 
weak signals. When clear channels are available, 
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however, c.w. a.v.c. will hold the receiver output 
constant over a wide range of signal input. A.v.c. 
systems designed to work on c.w. signals must 
have fairly long time constants to work with 
slow-speed sending, and often a selection of time 
constants is made available. 

Amplified A.V.C. 

The a.v.c. system shown in Fig. 5-16 will not 
hold the audio output of the receiver exactly 
constant, although the variation becomes less 
as more stages are controlled by the a.v.c. voltage. 
The variation also becomes less as the delay 
voltage is increased, although there will, of 
course, be variation in output if the signal in-
tensity is below the delay-voltage level at the 
a.v.c. rectifier. In the circuit of Fig. 5-16, the 
delay voltage is set by the proper operating bias 
for the triode portion of the tube. However, 
a separate diode may be used, as shown in Fig. 
5-17A. Since such a system requires a large 
voltage at the diode, a separate i.f. stage is some-
times used to feed the delayed a.v.c. diode, as 
in Fig. 5-17B. A system like this, often called 
an "amplified a.v.c." system, gives superlative 
control action, since it maintains full receiver 
sensitivity for weak signals and substantially 
uniform audio output over a very wide range of 
signal strengths. To avoid a slight decrease in 
signal volume " on tune," the transformer cou-
pling 172 to V3 should not be selective. 

A ucho 

1---""Arnplifler 

+250 

11, Audio 
(--""Amplifier 

Fig. 5-17 — Delayed a.v.c. is shown at A, and amplified 
and delayed is shown in B. The circuit at B gives 
excellent a.v.c. action over a %side range, with no im-
pairment of sensitixity for weak signals. For either 
circuit, typical values are: 
Ci — 0.001 µM. Ri, 112 — 1.0 megohm. 
C2 — 100 55fd. 113, 114 — Voltage divider. 

To Controlled 
Stafee 

Resistors R3 and R4 are carefully proportioned to give 
the desired delay voltage at the cathode of diode V2. 
Bleeder current of 1 or 2 ma. is ample, and hence the 
bleeder can be figured on 1000 or ;300 ohms per volt. The 
delay voltage should be in the vicinity of 3 or 4 for a 
simple receiver and 20 or 30 in the case of a multitube 
high-gain affair. 
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Noise Reduction 

Types of Noise 

In addition to tube and circuit noise, much 
of the noise interference experienced in recep-
tion of high-frequency signals is caused by do-
mestic or industrial electrical equipment and by 
automobile ignition systems. The interference is 
of two types in its effects. The first is the " hiss" 
type, consisting of overlapping pulses similar 
in nature to the receiver noise. It is largely re-
duced by high seleetivity in the receiver, espe-
cially for code reception. The second is the 
"pistol-shot" or " machine-gun" type, consisting 
of separated impulses of high amplitude. The 
"hiss" type of interference usually is caused by 
commutator sparking in d.c. and series-wound 
a.c. motors, while the " shot" type results from 
separated spark discharges (a.c. power leaks, 
switch and key clicks, ignition sparks, and the 
like). 
The only known approach to reducing tube 

and circuit noise is through better " front-end" 
design and through more over-all selectivity. 

Impulse Noise 

Impulse noise, beeause of the short dura-
tion of the pulses compare,1 with the time be-
tween them, must have high amplitude to 
contain much average energy. H enee, noise of 
this type stnmg ( t Il  t .) valise much interfer-
ence generally has an lust tilt amplitude 
much higher than that of the signal being re-
ceived. The general principles of devices inteaded 
to reduce such noise is to allow the desired signal 

2nd Detector 

(B) 

Fig. 5-18 Series-v al % e noise-limiter eirciiits. A, as 

used with an infinite-impedance detector: Ii, ith a diode 
detector. Typical values for e ponents are as follows: 
IIi — 0.2T megohm. 114 — 20,000 to .30,0110 ohms. 
112 — 47,000 ohms. -- 270 µpa 
It 3 — 10,000 ohms. C2, Ca -- 0.1 pfil. 

All other diode-circuit constants in 11 are conventional. 

2 

To Audio 
Amplifier 

To Audio 
Amplifier 

to pass through the receiver unaffected, but to 
make the receiver inoperative for amplitudes 
greater than that of the signal. The greater the 
amplitude of the pulse compared with its time 
of duration, the more successful the noise re-
duction. 

Another approach is to " silence" (render in-
operative) the receiver during the short duration 
time of any individual pulse. The listener will . 
not hear the " hole" because of its short dura-
tion, and very effective noise reduction is ob-
tained. Such devices are called " silencers" rather 
than " limiters." 

In passing through selective receiver circuits, 
the time duration of the impulses is increased, 
because of the Q of the circuit s. Thus the more 
selectivity ahead of the noise-reducing device, 
the more difficult it becomes to secure good 
pulse-type noise suppression. 

Audio Limiting 

A considerable degree of noise reduction in 
code reception can be accomplished by am-
plitude-limiting arrangements :Lpplied to the 
audio-output eircuit of a receiver. Such limiters 
also maintain the signal output nearly constant 
during fading. These output-limiter systems are 
shnple, and adaptable to most receivers. how-
ever, they cannot prevent noise peaks from 
overloading previous stages. 

• SECOND-DETECTOR NOISE 
LIMITER CIRCUITS 

The circuit of Fig. 5-18 " chops" noise pe tks 
at the seeond detector of a superhet receiver 
by means of a biased diode, which becomes 
nonconducting above a predeterminel signal 
level. The audio output of the detector must 
pass through the diode to the grid of the am-
plifier tube. The diode normally would be non-
conducting with the connections shown were 
it not for the fact that it is given positive bias 
from a 30-volt source through the adjustable 
potentiometer, 113. Resistors R1 and R.2 must 
be fairly large in value to prevent loss of audio 
signal. 
The audio signal from the detector can be 

considen,1 to modulate the steady ditale cur-
rent, and conduction will take place so long as 
the diode plate is positive with respect to the 
cathode. When the signal is sufficiently large 
to swing the cathode positive with respect to 
the plate, however, conduction ceases, and 
that portion of the signal is cut off from the 
audio amplifier. The point at which cut-off 
occurs can be selected by adjustment of R3. 
By setting 113 so that the signal just passes 
through the " valve," noise pulses higher in 
amplitude than the signal will be cut off. The 
circuit of Fig. 5-18A, using an infinite-imped-
ance detector, gives a positive voltage on reetifi-
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cation. When the rectified voltage is negative, 
as it is from the usual diode detector, the circuit 
arrangement shown in Fig. 5-18B must be used. 
An audio signal of about ten volts is required 

for good limiting action. The limiter will work 
on either c.w. or 'phone signals, but in either 
case the potentiometer must be set at a point 
determined by the strength of the incoming 
signal. 

second-detector noise-limiting circuits that 
automatically adjust themselves to the receiver 
carrier level are shown in Fig. .5-19. In either 
circuit, V1 is the usual diode second detector, 
RiR2 is the diode load resistor, and C1 is an r.f. 
by-pass. A negative voltage proportional to the 
carrier level is developed across r3, and this volt-
age cannot change rapidly because 113 and ('2 
are both large. In the circuit at A, diode V2 acts 
as a conductor for the audio signal up to the point 
where its anode is negative with respect to the 
cathode. Noise peaks that exceed the maximum 
carrier-modulation level will drive the anode 
negative instantaneously, and during this time 
the diode does not conduct. The large time con-
stant of C2R3 prevents any rapid change of the 
reference voltage. In the circuit at B, the diode 
172 is inactive until its cathode voltage exceeds 
its anode voltage. This condition will obtain 
under noise peaks and, when it does, the diode 
i3 short-circuits the signal and no voltage is 
passed on to the audio amplifier. Diode rectifiers 
such as the 6H6 and 6AL5, or the 1N34 germa-
nium crystal diode, can be used for these types 
of noise limiters. Neither circuit is useful for 
c.w. reception, but they are both quite effective 
for 'phone work. 

I.F. Noise Silencer 

In the circuit shown in Fig. 5-20, noise pulses 
are made to decrease the gain of an if. stage 
momentarily and thus silence the receiver for 
the duration of the pulse. Any noise voltage in 
excess of the desired signal's maximum i.f. voltage 
is taken off at the grid of the i.f. amplifier, ampli-
fied by the noise-amplifier stage, and rectified 
by the full-wave diode noise rectifier. The noise 
circuits are tuned to the i.f. The rectified noise 
voltage is applied as a pulse of negative bias to the 
No. 3 grid of the 6L7 i.f. amplifier, wholly or 
partially disabling this stage for the duration 
of the individual noise pulse, depending on the 
amplitude of the noise voltage. The noise-ampli-
fier/rertifier circuit is biased by means of the 

L„..72,Audo 
c‘ :Arnpiober 

2 

Fig. 5-19 — Self-adjusting series 
I 1, ) and shunt (B) noise limiters. 
The functions of Ft and 1'2 can 
be combined in one tube like the 
6H6 or 6AL5, or Type L\34 
crystals can be used. 

Co — 100 gad. 
C2, C2 — 0.05 AL 
B — 0.27 meg. in A; 47,000 ohms 

in 13. 
112 — 0.27 meg. in A; 0.15 meg. 

in B. 
Ba — 1.0 megaton. 
134-0.82 megohm. 

"threshold control," /?2, so that rectification 
will not start until the noise voltage exceeds the 
desired signal amplitude. With automatic volume 
control the a.v.c. voltage can be applied to the 
grid of the noise amplifier, to augment this 
threshold bias. In a typical instance, this system 
improved the signal-to-noise ratio some 30 db. 
(power ratio of 1000) with heavy ignition inter-
ference, raising the signal-to-noise ratio from 
—10 db. without the silencer to +20 db. with 
the silencer. 

• SIGNAL-STRENGTH AND 
TUNING INDICATORS 

An indicator that will show relative signal 
strength is a useful receiver accessory. It is an 
aid in giving reports to transmitting stations, 
and it is helpful in aligning the receiver circuits, 
in conjunction with a test oscillator or other 
steady signal. 
Three types of indicators are shown in Fig. 

5-21. That at A uses an electron-ray tube, several 
types of which are available. The grid of the 
triode section usually is connected to the a.v.c. 
line. The particular type of tube used depends 
upon the voltage available for its grid; where the 

_L  
T 

-e + 
Fig. 5-20 — I.f. noise-sileneing circuit. The plate sup »Iv 
shmild be 250 volts, Ty pied I values for  • ponen Is are: 

C1 — 50 —250 misfil. (use smallest value possible without 
r.f. feed-back). 

C2 — 47 /odd. 112 — 5000-oh on variable. 
Ca -- 0.1 5M. 113 — 22,000 ohms. 

1114, lia — 0.1 meg. 111,C. — 20 mh. 
— Special i.f. transformer for noise rectifier. 
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a.v.c. voltage is large, a remote cut-off type 
(6G5, 6N5 or 6AD6G) should be used in prefer-
ence to the sharp cut-off type (6E5). 

In B, a milliammeter is connected in series 
with the d.c. plate lead to one or more r.f. and 
i.f. tubes, the grids of which are controlled by 
a.v.c. voltage. Since the plate current of such 
tubes varies with the strength of the incoming 
signal, the meter will indicate relative signal 
intensity and may be calibrated in db. above and 
below some input-voltage reference level. The 
scale range of the meter should be chosen to fit 
the number of tubes in use; the maximum plate 
current of the average remote cut-off r.f. pentode 
is from 7 to 10 milliamperes. The shunt resistor, 
R, enables setting the plate current to the full-
scale value ("zero adjustment"). With this sys-
tem the ordinary meter reads downward from 
full scale with increasing signal strength. 
The system at C uses a 0-1 milliammeter in a 

bridge circuit, arranged so that the meter read-
ing and the signal strength increase together. 
The current through the branch containing 111 
should be approximately equal to the current 
through that containing R2. In some manufac-
tured receivers this is done by draining the 
screen voltage-divider current and the current 
to the screens of three r.f. pentodes (r.f. and i.f. 
stages) through R2, the sum of these currents 
being about equal to the maximum plate current 
of one a.v.c.-controlled tube. The sensitivity 
can be increased by increasing the resistance of 
RI, R2 and R3. The initial setting is made with 
the manual gain control set near maximum, 
when R3 should be adjusted to make the meter 
read zero with no signal. 
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Fig. 5-21 — Tuning-indicator or S-meter circuits for 
superhet receivers. A, electron-ray indicator; B, plate-
current meter for tubes on a.v.c.; C, bridge circuit for 
a.v.c.-controlled tube. In B, resistor 11 should have a 
maximum resistance several times that of the milliam-
meter. In C, representative values for the components 
are: RI, 270 ohms; R2, 330 ohms; Ra, 1000-ohm variable. 

Improving Receiver Selectivity 

• INTERMEDIATE-FREQUENCY 
AMPLIFIERS 

As mentioned earlier in this chapter, one of 
the big advantages of the superheterodyne 
receiver is the improved selectivity that is possi-
ble. This selectivity is obtained in the i.f. ampli-
fier, where the lower frequency allows more 
selectivity per stage than at the higher signal 
frequency. For 'phone reception, the limit to 
useful selectivity in the i.f. amplifier is the point 
where so many of the sidebands are cut that 
intelligibility is lost, although it is possible to 
remove completely one full set of side-bands 
without impairing the quality at all. Maximum 
receiver selectivity in 'phone reception requires 
good stability in both transmitter and receiver, 
so that they will both remain "in tune" during 
the transmission. The limit to useful selectivity 
in code work is around 100 or 200 cycles for 
hand-key speeds, but this much selectivity re-
quires good stability in both transmitter and 
receiver, and a slow receiver tuning rate for ease 
of Operation. 

Single-Signal Effect 

In heterodyne c.w. reception with a super-
heterodyne receiver, the beat oscillator is set 
to give a suitable audio-frequency beat note 
when the incoming signal is converted to the 
intermediate frequency. For example, the beat 
oscillator may be set to 456 kc. (the i.f. being 
455 kc.) to give a 1000-cycle beat note. Now, 
if an interfering signal appears at 457 kc., or 
if the receiver is tuned to heterodyne the in-
coming signal to 457 kc., it will also be hetero-
dyned by the beat oscillator to produce a 1000-
cycle beat. Hence every signal can be tuned 
in at two places that will give a 1000-cycle beat 
(or any other low audio frequency). This audio-
frequency image effect can be reduced if the 
i.f. selectivity is such that the incoming signal, 
when heterodyned to 457 ke., is attenuated to 
a very low level. 
When this is done, tuning through a given 

signal will show a strong response at the de-
sired beat note on one side of zero beat only, 
instead of the two beat notes on either side of 
zero beat characteristic of less-selective recep-
tion, hence the naine: single-signal reception. 
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The nece,--y selectivity is not obtained with 

nonregenerai ve amplifiers using ordinary tuned 
circuits unless a low i.f. or a large number of 
circuits is used. 

Regeneration 

Regeneration can be used to give a single-
signal effect, particularly when the i.f. is 455 ke. 
or lower. The resonance curve of an i.f. stage at 
critical regeneration (just below the oscillating 
point) is extremely sharp, a bandwidth of 1 ke. 
at 10 times down and 5 kc. at 100 times down 
being obtainable in one stage. The audio-fre-
quency image of a given signal thus can be re-
duced by a factor of nearly 100 for a 1000-cycle 
beat note (image 2000 cycles from resonance). 

Regeneration is ea.sily introduced into an i.f. 
amplifier 4 providing a small amount of ca-
pacity coupling between grid and plate. Bringing 
a short length of wire, connected to the grid, 
into the vicinity of the plate lead usually will 
suffice. The feed-back may be controlled by the 
regular cathode-resistor gain control. When the 
i.f, is regenerative, it is preferable to operate the 
tube at reduced gain (high bias) and depend on 
regeneration to bring up the signal strength. 
This prevents overloading and increases selec-
tivity. 
The higher selectivity with regeneration re-

duces the over-all response to noise generated 
in the earlier stages of the receiver, just as does 
high selectivity produced by other means, and 
therefore improves the signal-to-noise ratio. 
however, the regenerative gain varies with signal 
strength, being less on strong signals, and the 
selectivity varies. 

Crystal Filters 

Probably the simplest means for obtaining 
high selectivity is by the use of a piezoelectric 
quartz crystal as a selective filter in the i.f. 
amplifier. Compared to a good tuned circuit, 
the Q of such a crystal is extremely high. The 
crystal is ground to be resonant at the desired 
intermediate frequency. It is then used as a 
selective coupler between i.f. stages. 

Fig. 5-22 gives a typical crystal-filter reso-
nance curve. For single-signal reception, the 
audio-frequency image can be reduced by a 
factor of 1000 or more. Besides practically elim-
inating the a.f. image, the high selectivity of 
the crystal filter provides good discrimination 
against signals very close to the desired signal 
and, by reducing the band-width, reduces the 
response of the receiver to noise. 

Crystal-Filter Circuits; Phasing 

Several crystal-filter circuits are shown in 
Fig. 5-23. Those at A and B are practically 
identical in performance, although differing in 
details. The crystal is connected in a bridge 
circuit, with the secondary side of Ti, the input 
transformer, balanced to ground either through 
a pair of condensers, C-C (A), or by a center-
tap on the secondary, L2 (B). The bridge is 
completed by the crystal and the phasing con-

denser, C2, which has a maximum capacity some-
what higher than the capacity of the crystal 
in its holder. When C2 is set to balance the 
crystal-holder capacity, the resonance curve of 
the crystal circuit is practically symmetrical; 
the crystal acts as a series-resonant circuit of 
very high Q and thus allows signals of the de-
sired frequency to be fed through C3 to L3La, 
the output transformer. Without C2, the holder 
capacity (with the crystal acting as a dielectric) 
would pass undesired signals. 
The phasing control has an additional func-

tion besides neutralization of the crystal-holder 
capacity. The holder capacity becomes a part 
of the crystal circuit and causes it to act as a 
parallel-tuned resonant circuit at a frequency 
slightly higher than its series-resonant frequency. 
Signals at the parallel-resonant frequency thus 
are prevented from reaching the output circuit. 
The phasing control, by varying the effect of the 
holder capacity, permits shifting the parallel-
resonant frequency over a considerable range, 
providing adjustable rejection of interfering sig-
nals. The effect of rejection is illustrated in Fig. 
5-22. 

Additional I.F. Selectivity 

Many commercial communications receivers 
do not have sufficient selectivity for amateur 
use, and their performance can be improved by 
adding additional selectivity. One popular 
method is to couple a BC-453 aircraft receiver 
(war surplus, tuning range 190 to 550 Ice.) to the 
tail end of the 465-kc. i.f. amplifier in the com-
munications receiver and use the resultant out-
put of the BC-453. The aircraft receiver uses an 
85-kc. i.f. amplifier that is quite sharp — 6.5 ke. 
wide at — 60 db. — and it helps tremendously in 
separating 'phone signals and in backing up crys-
tal filters for improved c.w. reception. (See QST, 
January, 1948, page 40.) 
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Fig. 5-22 — Graphica representation of single-signal 
selectivity. The shaded area indicates the over-all 
bandwidth, or region in which response is obtainable. 
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If a BC-453 is not available, it is still a simple 
matter to enjoy the benefits of improved selectiv-

It is only necessary to heterodyne to a lower 
frequency the 465-kc. signal existing in the re-
ceiver i.f. amplifier and then rectify it after pass-
ing it through the sharp low-frequency amplifier. 
The Hammarlund Company and the J. W. Miller 
Company both offer 50-kc. transformers for this 
application. 
QS7' references on high i.f. selectivity include: 

McLaughlin, "Selectable Single Sideband," April, 
1948; Githens, "Super-Selective C.W. Receiver," 
Aug., 1948. 

• RADIO-FREQUENCY AMPLIFIERS 
While selectivity to reduce audio-frequency 

images can be built into the i.f. amplifier, dis-
crimination against radio-frequency images can 
only be obtained in circuits ahead of the first 
detector. These tuned circuits and their associ-
ated vacuum tubes are called radio-frequency 
amplifiers. For top performance of a communica-

Fig. 5-23 — Crystal -filter circuits of three t pr.. All give 
variable bandwidth, with C having the greatest range of 
selectivity. Suitable circuit values are as follows: Circuit 
A, T1, special i.f, input transformer with high-inductance 
primary, /4, closely coupled to tuned secondary, La; CI, 
30-pmfd. variable; C, each 100-mmfd. fixed (mica); C2, 10- to 
15-mad. (max.) variable; Ca, 50-µpfd. trimmer; L3C4, 
tuned circuit, with La tapped to match crystal-circuit im-
pedance. In circuit 11, T: is the same as in circuit A except 
that the secondary is center-tapped; C: is 100-5dd. vari-
able; C2, Ca and C4, same as for circuit A; L2/.4 is a trans-
former with primary, L4, corresponding to tap on L3 in A. 
In circuit C, Ti is a special i.f, input transformer with tuned 
primary and low-impedance secondary; C, each 100-mafd. 
fixed (mica); Ca, opposed stator phasing condenser, approxi-
mately 8-mpfd. maximum capacity each side; L3C3, high-Q 
id. tuned circuit; R, 0 to 3000 ohms (selectivity control). 

tions receiver on frequencies abovc 7 \ I, it is 
mandatory that it have one or two ›t r.f. 
amplification, for image rejection and improved 
sensitivity. 

Receivers with an i.f. of 455 kc. can be ex-
pected to have some r.f. image response at a 
signal frequency of 14 Mc. and higher if only 
one stage of r.f. amplification is used. (Regen-
eration in the r.f. amplifier will reduce image 
response, but regeneration usually requires fre-
quent readjustment when tuning across a band.) 
With two stages of r.f. amplification and an i.f. 
of 455 kc., no images should be apparent at 14 
Mc., but they will show up on 28 Mc. and higher. 
Three stages or more of r.f. amplification, with 
an i.f. of 455 kc., will reduce the images at 28 Mc., 
but it really takes four or more stages to do a 
good job. The better solution at 28 Mc. is to use a 
"triple-detection" superheterodyne, with one 
stage of r.f, amplification and a first i.f. of 1600 
kc. or higher. A normal receiver with an i.f. of 
455 kc. can be converted to a triple superhet by 
connecting a "converter" (to be described later) 
ahead of the receiver. 
For best selectivity, r.f. amplifiers should use 

high-Q circuits and tubes with high input and 
output resistance. Variable-» pentodes are prac-
tically always used, although triodes (neutral-
ized or otherwise connected so that they won't 
oscillate) are often used on the higher frequen-
cies because they introduce less noise. Pentodes 
are better where maximum image rejection is 
desired, because they have less loading effect on 
the circuits. 

•  FEED-BACK 

Feed-back giving rise to regeneration and 
oscillation can occur in a single stage or it may 
appear as an over-all feed-back through several 
stages that are on the same frequency. To avoid 
feed-back in a single stage, the output must be 
isolated from the input in every way possible, 
with the vacuum tube furnishing the only cou-
pling between the two circuits. An oscillation 
can be obtained in an r.f. or i.f. stage if there is 
any undue capacitive or inductive coupling be-
tween output and input circuits, if there is too 
high an impedance between cathode and ground 
or screen and ground, or if there is any appre-
ciable impedance through which the grid and 
plate currents can flow in common. This means 
good shielding of coils and condensers in r.f. 
and i.f. circuits, the use of good by-pass con-
densers (mica or ceramic at r.f., paper or ceramic 
at i.f.), and returning all by-pass condensers 
(grid, cathode, plate and screen) with short 
leads to one spot on the chassis. If single-ended 
tubes are used, the screen or cathode by-pass 
condenser should be mounted across the socket, 
to serve as a shield between grid and plate pins. 
Less care is required as the frequency is lowered, 
but in high-impedance circuits, it is sometimes 
necessary to shield grid and plate leads and to be 
careful not to run them close together. 
To avoid over-all feed-back in a multistage 
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amplifier, attention must be paid to avoid run-
ning any part of the output circuit back near the 
input circuit without first filtering it carefully. 
Since the signal-carrying parts of the circuit (the 
"hot" grid and plate leads) can't be filtered, 
the best design for any multistage amplifier 
is a straight line, to keep the output as far away 
from the input as possible. For example, an r.f. 
amplifier might run along a chassis in a straight 
line, run into a mixer where the frequency is 
changed, and then the i.f. amplifier could be run 
back parallel to the r.f. amplifier, provided there 
was a very large frequency difference between the 
r.f. and the i.f. amplifiers. However, to avoid 
any possible coupling, it would be better to run 
the i.f. amplifier off at right angles to the r.f.-
amplifier line, just to be on the safe side. Good 
shielding is important in preventing over-all 
oscillation in high-gain-per-stage amplifiers, but 
it becomes less important when the stage gain 
drops to a low value. In a high-gain amplifier, 
the power leads (including the heater circuit) 
are common to all stages, and they can provide 
the over-all coupling if they aren't properly 
filtered. Good by-passing and the use of series 
isolating resistors will generally eliminate any 
possibility of coupling through the power leads. 
R.f. chokes, instead of resistors, are used in the 
heater leads where necessary. 

• CROSS-MODULATION 
Silice a one- or two-stage r.f. amplifier will 

have a passband measured in hundreds of }cc. 
at 14 Mc. or higher, strong signals will be ampli-
fied through the r.f. amplifier even though it is 
not tuned exactly to them. If these signais are 
strong enough, their amplified magnitude may 
be measurable in volts after passing through 
several r.f. stages. If an undesired signal is strong 
enough after amplification in the r.f. stages to 
shift the operating point of a tube (by driving the 
grid into the positive region), the undesired signal 
will modulate the desired signal. This effect 
is called cross-modulation, and is often encoun-
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Fig. 5-24 — Typical radio-frequency amplifier circuit 
for a superheterodyne receiver. Represen Lai% e naines 
for components are as folloin s: 
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Ri, R2 — See Table 5-11. 
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Fig. 5-25 — Converter-circuit tracking methods. Fol-
lowing are approximate circuit values for 450- to 465.ke. 

no joli toonin g ranges of approximate4 2.15.to-1 and 
C2 having 110.ppfd. m . and the total minimum 
capacitance, inducing Ca or C4, being 30 to 36 ppfd. 

Tuning Range Li La Ci 

1.7-4 Mc. 50 ph. 40 ph. 0.0013 pfil. 
3.7-7.5 Mc. 14 ph. 12.2 ph. 0.0022 pK 
7-15 Mc. 3.5 ph. 3 ph. 0.0045 pfil. 
14-30 M c. 0.8 ph. 0.78 ph. Noue used 

Approximate values for 450- to 465-k.. i.f.s with a 
2.5-to-1 tuning range, C1 and C2 being ral.ppfd. maxi-
mum, minimum including C3 and C4 being 40 to 50 ppfd. 

Tuning Range Li L2 C5 

0.5-1.5 Me. 240 ph. 130 ph. 125 55rd. 
1.5-4 Mc. 32 ph. 25 ph. 0.00115 pftl. 
4-10 Me. 4.5 ph. -1 ph. 0.0028 pfd. 
10-25 M c. 0.8 ph. 0.75 ph. None used 

tered in receivers with several r.f. stages working 
at high gain. It shows up as a superimposed mod-
ulation on the signal beiPg listened to, and often 
the effect is that a signal can be tuned in at sev-
eral points. It can be reduced or eliminated by 
greater selectivity in the antenna and r.f. stages 
(difficult to obtain), the use of variable-g tubes 
in the r.f. amplifier, reduced gain in the r.f, ampli-
fier, or reduced antenna input to the receiver. 
A receiver designed for minimum cross-modu-

lation will use as little gain as possible ahead of 
the high-selectivity stages, to hold strong un-
wanted signals below the overload point. 
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Gain Control 

To avoid cross-modulation and other over-
load effects in the first detector and r.f. stages, 
the gain of the r.f. stages is usually made ad-
justable. This is accomplished by using vari-
able-is tubes and varying the d.c. grid bias, 
either in the grid or cathode circuit. If the gain 
control is automatic, as in the case of a.v.c., 
the bias is controlled in the grid circuit Manual 
control of r.f. gain is generally done in the cathode 
circuit. A typical r.f. amplifier stage with the two 
types of gain control is shown in schematic form 
in Fig. 5-24. 

Tracking 

In a receiver with no r.f. stage, it is no incon-
venience to adjust the high-frequency oscillator 
and the mixer circuit independently, because 
the mixer tuning is broad and requires little 
attention over an amateur band. However, when 
r.f. stages are added ahead of the mixer, the r.f. 
stages and mixer will require retuning over an 
entire amateur band. Hence most receivers with 
one or more r.f. stages gang all of the tuning con-
trols to give a single-tuning-control receiver. 
Obviously there must exist a constant difference 
in frequency (the i.f.) between the oscillator and 
the mixer/r.f. circuits, and when this condition 
is achieved the circuits are said to track. 
Tracking methods for covering a wide fre-

quency range, suitable for general-coverage re-
ceivers, are shown in Fig. 5-25. The tracking 
capacity, C5, commonly consists of two con-

CHAPTER 5 

densers in parallel, a fixed one of somewhat less 
capacity than the value needed and a smaller 
variable in parallel to allow for adjustment to 
the exact proper value. The trimmer, C4, is first 
set for the high-frequency end of the tuning 
range, and then the tracking condenser is set for 
the low-frequency end. The tracking capacity 
becomes larger as the percentage difference be-
tween the oscillator and signal frequencies be-
comes smaller (that is, as the signal frequency 
becomes higher). Typical circuit values are given 
in the tables under Fig. 5-25. The coils can be 
conveniently calculated with the AIIRL Light-
ning Calculator and then trimmed in the circuit 
for best tracking. 

In amateur-band receivers, tracking is sim-
plified by choosing a bandspread circuit that 
gives practically straight-line-frequency tuning 
(equal frequency change for each dial division), 
and then adjusting the oscillator and mixer 
tuned circuits so that both cover the same total 
number of kilocycles. For example, if the if, is 
455 ke. and the mixer circuit tunes from 7000 
to 7300 Ice. between two given points on the 
dial, then the oscillator must tune from 7455 to 
7755 ke. between the same two dial readings. 
With the bandspread arrangement of Fig. 5-8A, 
the tuning will be practically straight-line-fre-
quency if C2 (handset) is 4 times or more the 
maximum capacity of C1 (bandspread), as is 
usually the case for strictly amateur-band cover-
age. CI should be of the straight-line-capacity 
type (semicircular plates). 

Improving Receiver Sensitivity 
The sensitivity (signal-to-noise ratio) of a re-

ceiver on the higher frequencies above 20 Mc. 
is dependent upon the bandwidth of the re-
ceiver and the noise contributed by the "front 
end" of the receiver. Neglecting the fact that 
image rejection may be poor, a receiver with no 
r.f. stage is generally satisfactory, from a sen-
sitivity point, in the 3.5- and 7-Mc. bands. How-
ever, as the frequency is increased and the at-
mospheric noise becomes less, the advantage 
of a good "front end" becomes apparent. Hence 
at 14 Mc. and higher it is worth while to use 
at least one stage of r.f. amplification ahead of 
the first detector for best sensitivity as well as 
image rejection. The multigrid converter tubes 
have very poor noise figures, and even the best 
pentodes and triodes are three or four times 
noisier when used as mixers than they are when 
used as amplifiers. 

If the purpose of an r.f. amplifier is to improve 
the receiver noise figure at 1-1 Mr. and higher, 
a high-g., pentode or triode shinild be used. 
Among the pentodes, the best tubes are the 
6AC7, 6AK5 and the 6S(17, in the order named. 
The 6AK5 takes the lead around 30 Me. The 
6J4, 6J6, 7F8 and triode-connected 61K5 are the 
best of the triodes. For best noise figure, the 
antenna circuit should be coupled a little heavier 
than optimum. This cannot give best selectivity 
in the antenna circuit, so it is futile to try to 

maximize sensitivity and selectivity in this circuit. 
When a receiver is satisfactory in every respect 

(stability and selectivity) except sensitivity on 
14 and/or 28 Mc., the best solution for the ama-
teur is to add a preamplifier, a stage or two of 
amplification designed expressly to improve the 
sensitivity. If image rejection is lacking in the 
receiver, some selectivity should lie built into the 
preamplifier ( it is then called a preselector). If, 
however, the receiver operation is pi sir on the 
higher frequencies but is satisfactory on the 
lower ones, a "converter" is the best solution. 
Some commercial receivers that appear to 

lack sensitivity on the higher frequencies can 
be impri wed simply by tighter coupling to the 
antenna. Since t he receiver manufacturer has 
no way to prediet the type of antenna that will 
be used, he generally designs the input for some 
compromise value, usually around :I00 or 400 
ohms in the high-frequency ranges. If your an-
tenna matches to something far different from 
this, the receiver effectiveness can be improved 
by proper matching. This can be accomplished 
by changing the antenna to the right value (as 
determined from the receiver instruction book) 
or by using a simple matching device as described 
later in this chapter. Overcoupling the input cir-
cuit will often improve sensitivity but it will, 
of course, always reduce the image-rejection 
contribution of the antenna circuit. 
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Commercial receivers can also be "hopped up" 

by substituting a high-gm tube in the first r.f. 
stage if one isn't already there. The amateur 
must be prepared to take the consequences, 
however, since the stage may oscillate, or not 
track without some modification. A simpler 
solution is to add the "hot" r.f. stage ahead of 
the receiver. 

Regeneration 

Regeneration in the r.f. stage of a receiver 
(where only one stage exists) will often improve 
the sensitivity because the greater gain it pro-
vides serves to mask more completely the first-
detector noise, and it also provides a measure of 
automatic matching to the antenna through 
tighter coupling. However, accurate ganging 
becomes a problem, because of the increased 
selectivity of the regenerative r.f. stage, and the 
receiver almost invariably becomes a two-handed-
tuning device. Regeneration should not be over-
looked as an expedient, however, and many 
amateurs have used it with considerable success. 

I ligh-g tubes are the best as regenerative ampli-
fiers, and the feed-back should not be controlled 
by changing the operating voltages (which should 
be the same as for the tube used in a high-gain 
amplifier) but by changing the loading or the 
feed-back coupling. This is a tricky process and 
another reason why regeneration is not too widely 
used. 

Gain Control 

In a receiver front end designed for best signal-
to-noise ratio, it is advantageous in the reception 
of weak signals to eliminate the gain control 
from the first r.f. stage and allow it to run "wide 
open" all of the time. If the first stage is con-
trolled along with the i.f. (and other r.f. stages, 
if any), the signal-to-noise ratio of the receiver 
will suffer. As the gain is reduced, the gm of the 
first tube is reduced, and its noise figure becomes 
higher. A good receiver might well have two 
gain controls, one for the first radio-frequency 
stage and another for the i.f. and other r.f. 
stages. 

Extending the Tuning Range 
As mentioned earlier, when a receiver doesn't 

cover a particular frequency range, either in fact 
or in satisfactory performance, a simple solution 
is to use a converter. A converter is another 
"front end" for the receiver, and it is made to 
tune the proper range or to give the necessary 
performance. It works into the receiver at some 
frequency between 1.6 and 10 Mc. and thus 
forms with the receiver a "triple-detection" 
superhet. 

There are several different types of converters 
in vogue at the present time. The commonest 
type, since it is the oldest, uses a regular tunable 
oscillator, mixer, and r.f. stages as desired, and 
works into the receiver at a fixed frequency. 
A second type uses broad-banded r.f. stages in 
the r.f. and mixer stages of the converter, and 
only the oscillator is tuned. Since the frequency 
the converter works into is high (7 Mc. or more), 
little or no trouble with images is experienced, 
despite the broad-band r.f. stages. A third type 
of converter uses broad-banded r.f. and output 
stages and a fixed-frequency oscillator (self- or 
crystal-controlled). The tuning is done with 
the receiver the converter is connected to. This 
is an excellent system if the receiver itself is 
well shielded and has no external pick-up of its 
own. Many war-surplus receivers fall in this 
category. A fourth type of converter uses a fixed 
oscillator with ganged mixer and r.f. stages, and 
requires two-handed tuning, for the r.f. stages 
and for the receiver. The r.f. tuning is not criti-

cal, however, unless there are many stages. 
The broad-banded r.f. stages have the ad-

vantage that they can be built with short leads, 
since no tuning capacitors are required and the 
unit can be tuned initially by trimming the in-
ductances. They are more prone to cross-modula-
tion than the gang-tuned r.f. stages, however, 
because of the lack of selectivity. The fourth 
type of converter is probably the most satis-
factory, particularly if a crystal-controlled high-
frequency oscillator is used. It not only has the 
advantage of the best selectivity and protection 
against images and cross-modulation, but the 
crystal gives it a stability unobtninable with self-
controlled oscillators. Amateurs who specialize 
in operation on 28 and 50 Mc. generally use good 
converters ahead of conventional communica-
tions receivers, and it pays off in better perform-
ance for the station. 

While converters can extend the operating 
range of an existing receiver, their greatest ad-
vantage probably lies in the opportunity they 
give for getting the best performance on any one 
band. By selecting the best tubes and techniques 
for any particular band, the amateur is assured 
of top receiver performance. With separate con-
verters for each of several bands, changes can 
be made in any one without disabling or impair-
ing the receiver performance on another band. 
The use of converters ahead of the low-frequency 
receiver is rapidly becoming standard practice 
on t he hands above 14 Mc. 

Tuning a Receiver 
C. W. Reception 

For making code signals audible, the beat 
oscillator should be set to a frequency slightly 
different from the intermediate frequency. To 

adjust the beat-oscillator frequency, first tune 
in a moderately-weak but steady carrier with 
the beat oscillator turned off. Adjust the receiver 
tuning for maximum signal strength, as indicated 
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by maximum hiss. Then turn on the beat os-
cillator and adjust its frequency (leaving the 
receiver tuning unchanged) to give a suitable 
beat note. The beat oscillator need not subse-
quently be touched, except for occasional check-
ing to make certain the frequency has not drifted 
from the initial setting. The b.f.o. may be set 
on either the high- or low-frequency side of zero 
beat. 
The best receiver condition for the reception of 

e.w. signals will have the first r.f. stage running 
at maximum gain, the following r.f., mixer and 
i.f, stigus operating with just enough g tin ta 
maintilin the signal-to-noise ratio, and the audio 
gaiT  St •I t o give comfortable headphone or speaker 
volume. The : Indio volume should be controlled 
by the audio glin control, not the if. gain con-
trol. Under the al )ove e.m.litions, the selectivity 
of the receiver is being us.al ta best advantage, 
and cross-modulation is minimized. It precludes 
the use of a receiver in which the gain of the 
first r.f. stage and the if. stages are controlled 
simultaneously. 

Tuning with the Crystal Filter 

If the receiver is equipped with a crystal filter 
the tuning instruetions in the preceding para-
graph still apply, but more care must be used 
both in the initial adjustment of the beat oscil-
lator and in tuning. The beat oscillator is set as 
described above, but with the crystal filter set at 
its sharpest position, if variable selectivity is 
available. The initial adjustment should be made 
w:th the phasing control in an intermeditte 
position. Once adjusted, the beat oscillator should 
be left set and the receiver tuned to the other 
side of zero beat (audio-frequency image) on 
the same signal to give a beat note of the same 
tone. This beat will be considerably weaker 
than the first, and may be "phased out" almost 
completely by ca7eful adjustment of the phasing 
control. This is the adjustment for normal oper-
ation; it will be found that one side of zero beat 
has practically disappeared, leaving maximum 
response on the other. 
An interfering signal having a beat note differ-

ing from that of the a.f. image can be similarly 
phased out, provided its frequency is not too 
near the desired signal. 

Depending upon the filter design, maximum 
selectivity may cause the dots and dashes to 
lengthen out Si) that they seem to "run together." 
It must be emphasized that, to realize the bene-
fits of the crystal filter in reducing interference, 
it is necessary to do fill tuning with it in the cir-
cuit. Its high selectivity often makes it difficult to 
find the desired station quickly, if the filter 
is switched in only at t imes when interference is 
present. 

'Phone Receptioz. 

In reception of 'phone signals, the normal 
procedure is to set the r.f. and if. gain at maxi-
mum, switch on the a.v.c., and use the audio gain 
control for setting the volume. This insures maxi-
mum effectiveness of the a.v.e. system in corn-

CHAPTER 5 

pensating for fading and maintaining constant 
audio output on either strong or weak signals. 
On occasion a strong signal close to the frequency 
of a weaker desired station may take control of 
the a.v.c., in which case the weaker station may 
disappear because of the reduced gain. In this 
case better reception may result if the a.v.c. is 
switched off, using the manual r.f. gain control 
to set the gain at a point that prevents "block-
ing" by the stronger signal. 
Mimi receiving an AM signal on a frequency 

within 5 to 20 kc. from a single-sideband signal 
it inay also be necessary to switch off the a.v.c. 
and resort to the use of manual gain control, 
unless the receiver has excellent skirt selectivity. 
No ordinary ave. circuit can handle the syllabic 
bursts of energy from the SSB station. 
A crystal filter will help reduce interference in 

'phone reception. Although the high selectivity 
cuts sidebands and reduces the audio output at 
the higher audio frequencies, it is possible to use 
quite high selectivity without destroying intelligi-
bility. As in c.w. reception, it is advisable to do 
all tuning with the filter in the circuit. Variable-
selectivity filters permit a choice of selectivity to 
suit interference conditions. 
An undesired carrier close in frequency to a 

desired carrier will heterodyne with it to pro-
duce a beat note equal to the frequency differ-
ence. Such a heterodyne can be reduced by ad-
justment of the phasing control in the crystal 
filter. 
A tone control often will be of help in reducing 

the effects of high-pitched heterodynes, sideband 
splatter and noise, by cutting off t he higher audio 
frequencies. This, like sideband cutt ing with high 
selectivity circuits, causes some reduction in 
naturalness. 

Spurious Responses 

Spurious responses can be recognized without 
a great deal of difficulty. Often it is possible to 
identify an image by the nature of the trans-
mitting station, if the frequency assignments 
applying to the frequency to which the receiver 
is tuned are known. However, an image also can 
be recognized by its behavior with tuning. If the 
signal causes a heterodyne beat note with the 
desired signal and is actually on the same fre-
quency, the beat note will not change as the re-
ceiver is tuned through the signal; but if the inter-
fering signal is an image, the beat will vary in 
pitch as the receiver is tuned. The beat oscillator 
in the receiver must be turned off for this test. 
Using a crystal filter with the beat oscillator on, 
an image will peak on the side of zero beat op-
posite that on which desired signals peak. 
Harmonic response can be recognized by the 

"tuning rate," or movement of the tuning dial 
required to give a specified change in beat note. 
Signals g .tting into the i.f, via high-Uequency 
oscillator harmonics tune more rapidly (less dial 
movement) through a given change in beat 
note than do signals received by normal means. 
Harmonics of the beat oscillator can be rec-

ognized by the tuning rate of the beat-oscillator 
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pitch control. A smaller movement of the control 
will suffice for a given change in beat note than 
that necessary with legitimate signals. In poorly-

shielded receivers it is often possible to find b.f.o. 
harmonics below 2 Mc., but they should be very 
weak at higher frequencies. 

Narrow-Band Frequency- and Phase- Modulation 
Reception 

FM Reception 

In the reception of NFM (narrow-hand FM) 
by a normal AM receiver, the a.v.c. is switched 
off and the incoming signal is not tuned "on the 
nose," as indicated by maximum reading of the 
S-meter, but slightly off to one side or the other. 
This puts the carrier of the incoming signal on 
one side or the other of the i.f. selectivity charac-
teristic (see Fig. 5-1). As the frequency of the 
signal changes back and forth over a small range 
with modulation, these variations in frequency 
are translated to variations in amplitude, and the 
consequent AM is detected in the normal man-
ner. The signal is tuned in (on one side or the 
other of maximum carrier strength) until the 
audio quality appears to be best. If the audio is 
too weak, the transmitting operator should be 
advised to increase his swing slightly, and if the 
audio quality is bad ("splashy" and with serious 
distortion on volume peaks) he should be advised 
to reduce his swing. Cooperation between trans-
mitting and receiving operators is a necessity for 
best audio quality. The transmitting station 
should always be advised immediately if at any 
time his bandwidth exceeds that of an AM signal, 
since this is a violation of FCC regulations, ex-
cept in those portions of the bands where wide-
band I'M is permitted. 

the receiver has a discriminator or other 
detector designed expressly for FM reception, 
the signal is peaked on the. receiver (as indicated 
by maximum S-meter reading or minimum back-

ground noise). There is also a spot on either side 
of this tuning condition where audio is recovered 
through slope detection, but the signal will not 
be as loud and the background noise will be 
higher. 

PM Reception 

Phase-modulated signals can be received in 
the same way that NFM signals are, except that 
in this case the audio output will appear to be 
lacking in "lows," because of the differences in 
the deviation-rs.-audio characteristics of the two 
systems. This can be remedied to a considerable 
degree by advancing the tone control of the re-
ceiver to the point where more nearly normal 
speech output is obtained. 
NPM signals can also be received on communi-

cations receivers by making use of the crystal 
filter, in which case there is no need for audio 
compensation. The crystal filter should be set 
to the sharpest position and the carrier should 
be tuned in on the crystal s'a k, not set off to one 
side. The phasing condenser sinnild be set not 
for exact neutralization but to give a rejection 
notch at some convenient side frequency such 
as 1000 cycles off resonance. There is considerable 
attenuation of the side bands with such tuning, 
but it can readily be overcome by using addi-
tional audio gain. N FM signals received through 
the crystal filter in this fashion will have a 
'booMy - characteristic because the lower fre-
quencies are accentuated. 

Reception of Single-Sideband Signals 

Single-sideband signals are generally trans-
mitted with little or no carrier, and it is neces-
sary to funds!' the carrier at the receiver before 
proper reception can be obtained. Beeause little, 
or no earlier is transmitted, t in the re-
ceiver has nothing that indicates the average 
signal level, and manual variation of the r.f. 
gain control is required. 
A single-sideband signal can be identified by 

the absence of a strong carrier and by the severe 
variation of the S-meter at a syllabic rate. When 
such a signal is encountered, it should first be 
peaked with the main tuning dial. (This centers 
the signal in the i.f. passband.) After this opera-
tion, do not touch the main tuning dial. Then set 
the r.f. gain control at a very low level and switch 
off the a.v.e. Increase the audio volume control 
to maximum, and bring up the r.f. gain control 
until the signal can be heard weakly. Switch on 
the beat oscillator, and carefully adjust the fre-
quency of the beat oscillator until proper speech 

is heard. If there i- t liglit amount of carrier 
present. it is only necessary to zero-brat the beat 
osci t or alt h titis weak carrier. It will be noticed 
that with incierrect tuning of an S-1B signal, the 
speech will sound high- or low-pit( lied or even in-
verted (very garbled), but no trouble will be had 
in getting the correct setting once. a little experi-
ence. has been obtained. The use of minimum if. 
gain and maximum audio gain will insure that no 
distortion (overload) occurs in the receiver. It 
may require a readjustment of your tuning habits 
to tune the receiver slowly enough during the 
first few trials. 
Once the proper setting of the b.f.o. has been 

established by the procedure above, all further 
tuning should be done with the main tuning con-
trol. However, it is not unlikely that SSB stations 
will be encountered that are transmitting the 
other sideband, and to receive' them will require 
shifting the b.f.o. setting to the other side of the 
receiver i.f. passband. The initial tuning pro-
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cedure is exactly the same as outlined above, ex-
cept that you will end up with a considerably dif-
ferent b.f.o. setting. The two b.f.o. settings should 
be noted for future reference, and all tuning of 
SSB signals can then be done with the main tun-

ing dial. After a little experience, it becomes a 
simple matter to determine which way to tune 
the receiver if the receiver (or transmitter) drifts 
off to make the received signal sound low- or 
high-pitched. 

Alignment and Servicing of Superheterodyne 
Receivers 

I.F. Alignment 

A calibrated signal generator or test oscillator 
is a useful device for alignment of an i.f. amplifier. 
Some means for measuring the output of the re-
ceiver is required. If the receiver has a tuning 
meter, its indications will serve. Lacking an 
S-meter, a high-resistance voltmeter or a vacuum-
tube voltmeter can be connected across the sec-
ond-detector load resistor, if the second detector 
is a diode. Alternatively, if the signal generator 
is a modulated type, an a.c. voltmeter can be 
connected across the primary of the 1 ransformer 
feeding the 'speaker, or from the plate of tlw last 
audio amplifier through a 0.1-pfd. blocking con-
denser to the receiver chassis. Lacking an a.c. 
voltmeter, the audio output can be judged by 
ear, although this method is not as accurate as 
the others. If the tuning meter is used as an indi-
cation, the a.v.e. of the receiver should be turned 
on, but any other indication requires that it be 
turned off. Lacking a test oscillator, a steady 
signal tuned through the input of the receiver 
(if the job is one of just touching up the i.f. 
amplifier) will be suitable. However, with no 
oscillator and tuning an amplifier for the first 
time, one's only recourse is to try to peak the 
i.f. transformers on "noise," a difficult task if the 
transformers are badly off resonance, as they 
are apt to be. It would be much better to spend 
a little time and haywire together a simple os-
cillator for test purposes. 

Initial alignment of a new i.f. amplifier is as 
follows: The test oscillator is set to the correct 
frequency, and its output is coupled through a 
condenser to the grid of the last i.f. amplifier 
tube. The trimmer condensers of the transformer 
feeding the second detector are then adjusted 
for maximum output, as shown by the indicating 
device being used. The oscillator output lead is 
then clipped on to the grid of the next-to-the-last 
i.f. amplifier tube, and the second-from-the-last 
transformer trimmer adjustments are peaked for 
maximum output. This process is continued, 
working back from the second detector, until all 
of the i.f. transformers have been aligned. It 
will be necessary to reduce the output of the test 
oscillator as more of the i.f, amplifier is brought 
into use. It is desirable in all cases to use the 
minimum signal that will give useful output 
readings. The i.f. transformer in the plate circuit 
of the mixer is aligned with the signal introduced 
to the grid of the mixer. Since the tuned circuit 
feeding the mixer grid may have a very low im-
pedance at the i.f., it may be necessary to boost 
the test generator output or to disconnect the 

tuned circuit temporarily from the mixer-stage 
grid. 

If the i.f. amplifier has a crystal filter, the 
filter should first be switched out and the align-
ment carried out as above, setting the test oscil-
lator as closely as possible to the crystal fre-
quency. When this is completed, the crystal 
should be switched in and the oscillator frequency 
varied back and forth over a small range either 
side of the crystal frequency to find the exact 
frequency, as indicated by a sharp rise in output. 
Leaving the test oscillator set on the crystal 
peak, the i.f. trimmers should be realigned for 
maximum output. The necessary readjustment 
should be small. The oscillator frequency should 
be checked frequently to make sure it has not 
drifted from the crystal peak. 
A modulated signal is not of much value for 

aligning a crystal-filter if. amplifier, since the 
high selectivity cuts sidebands and the results 
may be inaccurate if the audio output is used as 
the t outing indication. Lacking the a.v.c. tuning 
meter, the transformers may be conveniently 
aligned by ear, using a weak unmodulated sig-
nal adjusted to the crystal peak. Switch on the 
beat oscillator, adjust to a suitable tone, and 
align the i.f. transformers for maximum audio 
output. 
An amplifier that is only slightly out of align-

ment, as a result of normal drift or aging, can 
be realigned by using any steady signal, such as 
a local broadcast station, instead of the test 
oscillator. One's 100-ke. standard makes an ex-
cellent signal source for "touching up" an i.f. 
amplifier. Allow the receiver to warm up thor-
oughly, tune in the signal, and trim the i.f. for 
maximum output. 

If you bought your receiver instead of mak-
ing it, be sure to read the inst ruction book care-
fully before attempting to realign the receiver. 
Most instruction books include alignment 
details, and any little special tricks that are 
peculiar to the receiver will also be described in 
detail. 

R.F. Alignment 

The objective in aligning the r.f. circuits 
of a gang-tuned receiver is to secure adequate 
tracking over each tuning range. The adjustment 
may be carried out with a test oscillator of suit-
able frequency range, with harmonies from your 
100-kc. standard or other known oscillator, or 
even on noise or such signals as may be heard. 
First set the tuning dial at the high-frequency 
end of the range in use. Then set the test oscil-
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lator to the frequency indicated by the receiver 
dial. The test-oscillator output may be connected 
to the antenna terminals of the receiver for this 
test. Adjust the oscillator trimmer condenser 
in the receiver to give maximum response on 
the test-oscillator signal, then reset the receiver 
dial to the low-frequency end of the range. Set 
the test-oscillator frequency near the frequency 
indicated by the receiver dial and tune the test 
oscillator until its signal is heard in the receiver. 
If the frequency of the signal as indicated by the 
test-oscillator calibration is higher than that 
indicated by the receiver dial, more inductance 
(or more capacity in the tracking condenser) is 
needed in the receiver oscillator circuit; if the 
frequency is lower, less inductance (less tracking 
capacity) is required in the receiver oscillator. 
Most commercial receivers provide some means 
for varying the inductance of the coils or the 
capacity of the tracking condenser, to permit 
aligning the receiver tuning with the dial calibra-
tion. Set the test oscillator to the frequency indi-
cated by the receiver dial, and then adjust the 
tracking capacity or inductance of the receiver 
oscillator coil to obtain maximum response. After 
making this adjustment, recheck the high-fre-
quency end of the scale as previously described. 
It may be necessary to go back and forth between 
the ends of the range several times before the 
proper combination of inductance and capacity 
is secured. In many cases, better over-all tracking 
will result if frequencies near but not actually at 
the ends of the tuning range are selected, instead 
of taking the extreme dial settings. 

After the oscillator range is properly adjusted, 
set the receiver and test oscillator to the high-
frequency end of the range. Adjust the mixer 
trimmer condenser for maximum hiss or signal, 
then the r.f. trimmers. Reset the tuning dial 
and test oscillator to the low-frequency end of 
the range, and repeat; if the circuits are properly 
designed, no change in trimmer settings should 
be necessary. If it is necessary to increase the 
trimmer capacity in any circuit, it indicates that 
more inductance is needed; conversely, if less 
capacity resonates the circuit, less inductance is 
required. 
Tracking seldom is perfect throughout a tun-

ing range, so that a check of alignment at inter-
mediate points in the range may show it to be 
slightly off. Normally the gain variation from 
this cause will be small, however, and it will 
suffice to bring the circuits into line at both ends 
of the range. If most reception is in a particular 
part of the range, such as an amateur band, the 
circuits may be aligned for maximum perform-
ance in that region, even though the ends of the 
frequency range :is a u-hole may be slightly out 
of alignment. 

Oscillation in R.F. or I.F. Amplifiers 

Oscillation in high-frequency amplifier and 
mixer circuits shows up as squeals or "birdies" 
as the tuning is varied, or by complete lack of 
audible output if the oscillation is strong enough 
to cause the it.v.c. system to reduce the receiver 
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gain drastically. Oscillation can be caused by 
poor connections in the common ground circuits. 
Inadequate or defective by-pass condensers in 
cathode, plate and screen-grid circuits also can 
cause such oscillation. A metal tube with an un-
grounded shell may cause trouble. Improper 
screen-grid voltage, resulting from a shorted or 
too-low screen-grid series resistor, also may be 
responsible for such instability. 

Oscillation in the i.f. circuits is independent 
of high-frequency tuning, and is indicated by 
a continuous squeal that appears when the gain 
is advanced with the c.w. beat oscillator on. It 
can result from defects in U.-amplifier circuits 
similar to those above. Inadequate screen or 
plate by-pass capacitance is a common cause of 
such oscillation. An additional by-pass condenser 
of 0.1- to 0.25-afd. capacitance often will remedy 
the trouble. 

Instability 

"Birdies" or a mushy hiss occurring with tun-
ing of the high-frequency oscillator may indicate 
that the oscillator is "squegging" or oscillating 
simultaneously at high and low frequencies. This 
may be caused by a defective tube, too-high 
oscillator plate or screen-grid voltage, excessive 
feed-back, or too-high grid-leak resistance. 
A varying beat note in c.w. reception indicates 

instability in either the h.f. oscillator or beat 
oscillator, usually the former. The stability of the 
beat oscillator can be checked by introducing a 
signal of intermediate frequency (from a test 
oscillator) into the U. amplifier; if the beat note 
is unstable, the trouble is in the beat oscillator. 
Poor connections or defective parts are the likely 
cause. Instability in the high-frequency oscillator 
may be the result of poor circuit design, loose 
connections, defective tubes or circuit compo-
nents, or poor voltage regulation in the oscillator 
plate- and or screen-supply circuits. Mixer pull-
ing of the oscillator circuit also will cause the 
beat not to "chirp" on strong c.w. signals because 
the oscillator load changes slightly. 

In 'phone reception with a.v.c., a peculiar 
type of instability ("motorboating") may appear 
if the h.f.-oscillator frequency is sensitive to 
changes in plate voltage. As the a.v.c. voltage 
rises the currents of the controlled tubes decrease, 
decreasing the load on the power supply and 
causing its output voltage to rise. Since this in-
creases the voltage applied to the oscillator, its 
frequency changes correspondingly, throwing the 
signal off the peak of the i.f. resonance curve and 
reducing the a.v.c. voltage, thus tending to re-
store the original conditions. The process then 
repeats itself, at a rate determined by the signal 
strength and the time constant of the power-
supply circuits. This effect is most pronounced 
with high if. selectivity, ; Is when a crystal filter 
is used, and can be cured lu making the oscillator 
insensitive to voltage changes or by regulating 
the plate-voltage supply. The better receivers use 
VR-type tubes to stabilize the oscillator voltage 
— a defective VIt tube will cause trouble with 
oscillator instability. 
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A One-Tube Regenerative Receiver 

The receiver shown in Figs. 5-26, 5-27, 5-28 
and 5-29 represents close to the minimum 
requirements of a useful short-wave receiver. 
Under suitable conditions, it is capable of re-
ceiving signals from many foreign countries. 
It is an excellent receiver for the beginner, 
because it is easy to build and the components 
are not expensive. 

¡'i5. .5.26 — The simple one-tube regenerative receiN re- i- built on a 
wood-and-Presdwood chassis, with an aluminum panel. The large 
left-hand knob drives the calibrated scale on the band-pread con-
denser. I'he large right-hand knob is for the band-set condenser. 

From the circuit in Fig. 5-28, it can be seen 
that the only tube in the receiver is a 68N7 
twin triode. One section is used as a re-
generative detector, the other triode 

• 

Fig. 5-27 — Another view 
of the one-tube regenera-
tive receiver shows how the 
tube and coil .ockvt , are 
inounted. The licadi,lione 
tips plug into the two stnull 
tip jacks on the rear panel 
— the set of four machine 
screws and nuts is for con-
necting to the power supply. 

• 

section serving as an audio amplifier to the 
headphones. A variable antenna-coupling con-
denser, C1, minimizes " dead spots" in the 
tuning range that might be caused by antenna-
resonance effects. Two tutting condensers are 
used. The ban,i-set condenser, C4, tunes to the 
desired frequency band, and t he bandspread 
condenser, c2 ' Cs, allows the operator to tune 

slowly through the band. The band-
spread condenser is a dual condenser 
made front a single midget variable, 
and on all of the amateur bands ex-
cept 3.5 Mc. only the C3 portion is 
connected in the circuit. The 3.5- Mc. 
coil includes a jumper that connects 
C2 on that batnl. Regeneration is con-
trolled by varying the plate voltage 
on t he detector wit h 
The mechanical design is made as 

simple as possible. \\ irk on the chassis 
and the front panel can be done with 
only a N o. 8 drill, a .14-inch ( hill, and 
a round file. Thure is no complicated 
metal work or bending. To reduce the 
panel size, the knob on the band-set 
condenser overlaps the friction-driven 
tuning dial. 
The front panel is a 7 X 7-inch 

slus•t ! i'6-itich aluminum. It carries 
the tuning controls, the regeneration 
adjust tuent and the antenna-coupling 
condenser shaft. The sides of the chas-
sis are soft wood strips, 7 X 2 X 
inches. The deck of the chassis is a 
7 X 7-inch sheet of %-inch Presdwood 

(or Masonite). The 68N7 socket is supported 
on mounting pillars, and the 5-
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3 - ISO V .4 

Fig. 5-28 — Wiring diagram of 

CI — Homemade adjustable con-
denser. See text. 

C2, Ca — Reworked midget variable 
(Millen 21935). See text. 

C4 — 100-eodd. midget variable 
(NI illen 20100). 

Cs — 100-aafd. mica. 
Ca, C7 — 470-pafd. mica. 
Cs — 12-afd. 150-volt electrolytic. 
C9 - 10.µf(1. 25•VOlt electrolytic. 

the one-tube regenerative receiver. 

RI — 1.5 megohms, watt. 
Ra 0.15 megohm, 1.,'?; watt. 
113 — 1500 ohms watt. 
R4 — 504000•011411 %tire-wound po-

tentiometer. 
115 — 33,000 ohms, 1 watt. 
RFC1 — 2.5-mh. r.f. choke (Na-

tional 100U). 
Ti — Interstage audio transformer 

(Stancor A-4723)• 

prong coil socket is on Vs-inch pillars. The grid 
leak, RI, and grid condenser, C5, are located 
above the deck. The back panel is made of 

Presdwood and carries the binding 
posts. The binding posts are %-inch 6-32 ma-
chine screws with suitable nuts and washers. 
The chassis is assembled with 3%-inch No. 6 
round-head wood screws. Upon completion, 
the assembly is given a coat of flat black paint. 
The front panel is secured to the chassis side 
members with No. 6 round-head wood screws. 
The bandspread condenser, C2 'C3, is made 

by modifying a Millen 21935 variable con-
denser. Using a hack-saw blade, the stator bars 
are carefully cut between the eighth and ninth 

• 

Fig. 5-29 — This view un-
derneath the one-tube re-
generat i% e receis er slims s the 
arrangement of part- and 
the construction of t h.. 
alile antenna-coupling con-
denser. 

• 
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i65N7 plates (counting back from the 

front panel). The ninth plate is 
removed by twisting it loose 
with long-nosed pliers. 

Coil sizes and data are given 
in the coil table. All coils are 
wound on 1-inch diameter 5-
pin coil forms. The coil for the 
80-meter range is close-wound 
and requires no treatment, but 
the spaced-turns coils should be 
secured by running a thin line 
of Duco cement across the wire 
at several points. Before ce-
menting the turns in place, 
each coil should be tried in the 
receiver. To obtain smooth re-
generation, it may be necessary 
to make minor coupling adjust-
ments (changes in spacing) be-
tween L1 and L2. 
The antenna condenser, CI, 

is made from two 1-inch squares 
of sheet copper. One plate is 

secured to the underside of the deck on a tie-
point. The other plate is carried by a 3-inch 
diameter polystyrene rod. Rotating the shaft 
swings the moving plate away from the fixed 
plate and provides a capacity of from 5 to less 
than 1 gpfd. The polystyrene rod passes 
through the front panel and out the back panel. 
It is secured at the back by a 3' -inch shaft 
collar. The panel end carries a tuning knob, 
and a rubber grommet under slight compres-
sion, placed between the knob and the panel, 
acts as a friction lock. The moving plate is 
secured to the polystyrene rod by a copper-
wire hairpin soldered to the plate and fixed 
into a pair of holes drilled in the rod. A flexible 
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COIL TABLE FOR THE ONE-TUBE 
REGENERATIVE RECEIVER 

All coils wound on Millen 45005 1- inch diameter 
coil forms. Both L1 and L2 should be wound in the 
same direction, with L2 closer to the pins of the 
form. The grid end of Li and the plate end of L2 
should be on the outside ends of the coils. 

Range 

2.8 — 6 Mc. 
(SO meters) 

L2 Sep. 
Li-L2 

25 t. No. 26 
enam.; 
close-wouno 

4 t. No. 26 
enam., close-wound 

ineh 

5.9 — 13.5 Mc. 
(40 meters) 

13,¡ t. No. 22 
enatn., spaced 
to occupy 

inch 

t. No. 26 
enam.. close-m.0nm 

13.6 — 30 Mc. 
(20 and 14 
meters) 

5,.¡ t. No. 22 
enam.; spaced 
to occupy 

inch 

1% t. No. 26 
cnam., close-wound 

24.5 — 40 Mc. 
(10 and 11 
meters) 

l3 t. No.22 
cnam.; 
rios,--wound 

13,4 t. No. 26 
imam.. close-wound 

14 inch 

lack 

3is 016 

lead is soldered to the prot Ending wire, 
and the lead passes out through a hole 
in the side of the chassis t o make con-
nection to the antenna. Knots in t his 
wire, on either side of t he chassis wall, 
secure the wire firmly in place. The 
fixed plate is covered wit h a single 
layer of cellophane Scotch Tape, to 
prevent a short-circuit when t he 
condenser is positioned at maximum 
capacity. 

All wiring is No. 14 tinned copper. 
Direct leads from the condensers to 
the coil socket add to the strength and 
rigidity of the receiver. The r.f. choke 
/?Fel, by-pass condensers, and the 
audio transformer all are fastened to 
the underside of the deck. 
The power supply for the receiver, 

shown in Figs. 5-30 and 5-31, is simple 
to assemble because it is built on a 
wooden chassis. Two strips of 1 3 X 
3%-inch wood, 12 inches long, are 
nailed to two short end pieces. The 

Fig. 5-30 — The power supply for the regenerative receiver 
is built on a simple wooden chassis. 

Fig. 5-31 - - Circuit diagram of the power supply for the 
regenerative reeds Cr. 

CI, C2 — 16-mfd. -130-volt electrolytic (Mallory RS-217). 
RI — 20,000-ohm I0-watt wire-wound. 
1.1 — 15-henry 50-ma, filter choke (Stancor C-1080). 
Pi — 115-volt line plug. 
Ti — 273-0.23 volts at 50 ma., 6.3 V. at 2.5 amp., 5 v. 

at 2 amp. (Thordarson T22R30). 

separation between strips is just enough (1% 
inches) to clear the tube socket and electrolytic 
condensers, and the leads from the transformer 
and choke also pass through this opening. 
Binding posts are made in the same manner 
as on the receiver, with No. 6 machine screws 
and suitable nuts and washers. 

Although it is satisfactory to mount the 
power supply on the same table with the re-
ceiver, it should be at least one or two feet 
away, to avoid the possibility of a.c. hum 
pick-up. For the same reason, the antenna 
lead should not pass too close to any a.c. 
wiring from or to the power supply. 

Using the parts listed in Fig. 5-31 should 
result in a power supply that gives about 180 
volts when connected to the receiver. However, 
if the 6SN7 in the receiver appears to run too 
hot ( as tested by touching the tube after the re-
ceiver has been running for 5 or 10 minutes), 
the output voltage can be reduced by increas-
ing the resistance at R1 ( Fig. 5-31). Adding 

5000 or 10,000 ohms in series with R1 should 
do the trick. Or it may be possible to borrow 
a voltmeter for measuring the output voltage. 
The tuning procedure for a regenerative re-

ceiver is given earlier in this chapter. Even a 
short piece of wire hung inside the operating 
room will serve as an antenna, but for best re-
sults an antenna front 30 to 75 feet long, strung 
as high as possible, should be used. 

In buying headphones for use with this re-
ceiver, one should avoid the " low-impedance" 
headphones offered in many of the surplus out-
lets. While these headsets are excellent when 
used in the proper circuits, this simple receiver 
requires the use of " high-impedance" head-
phones for maximum signal output. Good, in-
expensive headphones of this type can be 
found in any radio store. 
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A Two-Band Four-Tube Superheterodyne 

The four-tube superheterodyne shown in Figs. 
5-32, 5-34 and 5-36 is a double-conversion receiver 
tuning the 3.5- :old 7- [r. amateur bands. It is 
not diffieult t build, and it has stability and se-
lectivity not surpassed by factory-built receivers 
costing much more. 
As can be seen in Fig. 5-33, the circuit diagram, 

the receiver uses intermediate frequencies of 1700 
and 100 kc. The 1700-kc. first i.f, permits using 
an oscillator that tunes only one range for the 
two bands. Tuning the oscillator from 5.2 to 5.7 
Mc. gives an if. of 1700 kc. for the 3.5- to 4.0-Mc. 
range and the same if. for the 6.9- to 7.4-Mc. 
range. The oscillator components are soldered in 
place (no switching or plug-in ( oils) and the dial 
calibration is made once and can then be relied 
upon. To change bands, it is only necessary to 
swing the input condenser, C2, to the 80- or 40-
meter band. The 1700-kr. i.f, eliminates any 
pulling on the oscillator, in either range. 
The 6.8137-Y is a better tube than the 6S17, 

from the standpoint of gain, and is used for the 
first converter, since no r.f. stage is included. To 
minimize spurious responses, two tuned circuits 
are used in the input between antenna and con-
verter grid. The stator plates of the dual con-
denser, C2, are shielded from each other, as are 
the two coils LI and L2, and the coupling between 
circuits is obtained by the large condenser, C3. 
The 1700-kr. signal from the first converter is 

converted in the 6K8 second converter to 100 kc. 
The use of a 1600-kc. crystal for the oscillator at 
this point permits using a gain control (Rio) that 
has no effect on the frequency. No frequency 
change with gain-control setting is a desirable 
characteristic of any good receiver, so the 1600-
kc. crystal at $2.70 is not a luxury. While the 
1600-kc. oscillator could be made self-controlled, 
it would be almost certain to " pull" with gain-
control changes. 
The specified 1700-kc. transformer, T1, is a 

relatively expensive item, but there can be no 
compromise at this point, because a poor trans-
former will not have enough rejection to 
avoid the secondary images (200 ke. away) 
that might otherwise ride through. 
The 100-ke. output from the 6K8 is fil-

tered dirt iugh three tuned circuits ant. h4 is 

Hg. 5,32 — The four-tube 
double-conversion superhet-
erodyne tunes the 3.5- and 7. 
Me. hands without baud. 
switching. The fontrols on 
the left are audio s olume 
(upper) and h.f.o. s, itch. and 
those on the right are antenna 
tuning (upper) and i.f. gain. 
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a triode plat t. ileteet ur 6SN7). This de t pet or is 
regenerative, but the regeneration is fixed and 
doesn't have to be bothered with I,y the operator 
unless he changes tubes and the new t til)e has con-
siderably different characteristics. The regenera-
tion in the 100-kc. detector gives the receiver its 
single-signal c.w. reception characteristic, since 
there aren't enough tuned circuits to give it other-
wise. The b.f.o. uses the other triode in the 6SN7 
envelope, and stray coupling is used for the b.f.o. 
injection. No panel control of b.f.o. pitch is avail-
aide, because the selectivity is not adjustable and 
the variable-pitch feature is not essential. 
Up to this point the gain of the receiver is not 

too high, and two stages of audio amplification 
are used. Omitting the cathode by-pass condens-
ers still leaves more than enough audio for any 
pair of high-impedance headphones. 
By keeping the signal level low up to and 

through the selective stages, there is a minimum 
opportunity for overloading and cross-modula-
tion, and t he gain need be kept only high enough 
to prevent degrading the signal-to-noise ratio. 
Further, a regenerative stage has a tendency to 
" flatten out" with strong signals, so the regenera-
tive detector is somewhat protected by holding 
the gain down. However, the receiver has quite 
adequate sensitivity — in any normal location 
and with a fair to good antenna, any signal that 
can be heard by a large receiver ran be heard by 
this one, except in rare cases where the large re-
ceiver's superior selectivity makes the difference. 

Construction 

The construction of the receiver is unconven-
tional in that two chassis are used, as shown in 
Figs. 5-32 and 5-34, and the panel is mounted 
away from the chassis. All of the electrical com-
ponents are mounted on the aluminum 7 X 11 X 
2-inch chassis, and this sits on an inverted 7 X 11 
X 2-inch steel chassis that serves as a base and 
bottom cover. The bottom chassis has rubber feet 
(grommets) at its corners that prevent its slipping 



Isr CONVERTER 
6587-Y 

5.2-5.7 Mc. 

— 18-pad. ceri  or  a. 
C2 — 140-mgfd.-per-section dual % ariable ( Ilaroto:obool 

MCD-I lu -\ I). 
C3, C22 — 0.00 ceramic or mica. 
— 220-gafd. - iii er mica. 

Ca, Co — 4T.fd. silver mua. 
Cs — 35-gmfd. midget variable ( Bud LC- I643 or 11 ant-

marking' 11F-33). 
C7 — 100-gpfd, midget variable ( National PS11-100). 
( :44 (:94 Ca — 0.01-pfd. ceramic. 
Cii, Ci2, CH, C2I, C24 — 0.1 -dd. 400-volt plastic cased 

(Sangamo or Sprague). 
Cia — 390- id. mica. 

CI74 CIS — 100-pad. mica. 
Cis — 4.7- id, mica. 
Cis, C20 — 0.0015-mfd. mica. 
Ri — 47 ohms. 
112 — 22,000 ohms. 

2No CONVERTER 
6K8 

DETECTOR 

big. 5-33 — Wiring diagram of the four-tube receiver. 

113 — 4700 ohms. 
1120 1000 ohms. 

Rs — 0.15 megohm. 
RS — 220 ohms. 
117 — 2000 ohms. 
R9 — 10,000 ohms, 2 watts (or two 22,000 ohms, 1 watt, 

in parallel). 
RIO — 1000-ohm wire-wound potentiometer (Mallory 

AlMP). 
Rn — 1800 ohms. 
1112 — 33,000 ohms. 
1113 — 6800 ohms. 
1114, Bis — 0.1 megohm. 
Bis — 10,000 ohms, 1 watt. 
His — 0.25-megohm volume control. 
RI — 2200 ohms. 
His — 0.22 megohm. 

All resistors 3 watt unless specified otherwise. 

AUDIO AMPLIFIER 

SI 

Li, L2 — 35 turns No. 30 d.c.c. close-wound on National 
X R-50 slug-tuned form. Primary on Li is 8 turns 
No. 30 d.c.c. close-wound at ground end. 

L3 — 23 turns No. 24 bare space-wound 32 turns per 
¡m-h, N-inch diam. Tickler is 1.34 turns spaced 
1 turn from L3. See text. (Made from B & W 
3008 Miniductor.) 

L4 — 20-mh. (approx.) slug-tuned coil. See text. (RCA 
205R1.) 

Ls — 20-henry 15-ma. choke (Stancor 1515). 
It FC1 — 750 ph. ( National -33). 
Si — S.p.s.t. rotary or toggle. 
Ti — 1700-ke. i.f. transformer, modified. ( Millen 62161.) 

See text. 
T2, Ta — 100-ke. transformers made from TV compo-

nents (RCA 205111). See text. 
— Small 3:1 audio transformer (Staneor A-63C). The 

1600-ke. crystal is a Peterson Radio type Z-2. 
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Fig. 5.35 — The 1700-ke. if. can is modified by drilling 
two holes in the side of the can. 
On the transformer assembly proper, the old grid 

(green) and ground (black) wires are removed. On the 
tuning condenser connected to the coil nearest the tun-
ing condensers, a new plate lead is connected to the 
stator and a new B+ lead to the rotor. The old plate 
lead ( blue) becomes the new grid lead, and the old 13+ 
lead (red) becomes the new ground lead by transferring 
it from the terminal to the rotor wire near the coil. 
During reassemblY, the new plate and 11+ leads 

should be soldered to a length of wire that is passed 
through the shield.ean hole before the entire assembly is 
completed. Otherwise it is difficult to snake out the new 
plate and B+ leads unless small flexible wire is used. 

• 

on the table. The 8 X 12-inch panel is supported 
away from the aluminum chassis on -inch-long 
brass collars, secured by suitable washers and 
6-32 screws, as shown in Fig. 5-36. 
The aluminum chassis is bolted to the steel 

chassis by two 4U-inch lengths of %-inch diam-
eter brass rod, threaded 6-32 at each end. These 
rods pass through holes in the top and lip of each 
chassis. The only holes that are required in the 
steel chassis are those for the two tie rods, the 
four holes for the rubber feet, and a 1%-ineh 
diameter hole to clear the headphone jack. 

In the oscillator circuit, the 35-pfd. tuning 
condenser, C6, is sups tried by a small alumi-
num bracket, and the 100-pmfd. trimmer, er, is 
mounted on t he chassis so t hat it is adjustable 
from the top. Neit her condenser is grounded to 
the chassis through its mounting — leads from 
the rotors are grounded to the chassis at one point 
near the 68137-V tube socket. The oscillator coil 
is mounted by its leads on a small multiple tie 
point. 
The shield between the input coils, L1 and L2, 

is made of thin aluminum. It ha.s a notch in the 
edge that goes against the chassis side, to clear 
the antenna-coil leads, and it has a hole through 
it for the lead between the bottoms of L1 and L2. 
The dual condenser, C2, is fastened to the chassis 
by a single 6-32 screw, and the head of 
this screw has a copper shield soldered to 
it for minimizing coupling between C2A and 
C211. The shield is easily cut out from copper 
flashing and soldered to the screw head. 
The rotor assembly of C2 must be removed 
to put the shield in place, but this is just 

• 

Fig. 5-34 — A top view of the 
four-tube superheterody ne 
shows how an aluminum and 
a steel chas.ii« are rombined 
for greater weight and orength. 
The OS137-1 ion% ertrr i at 
the left, and the two lc; V:s 
are at the extreme right. Note 
the shield between the stator 
sections of the condenser on 
the left. 

Stator Lead 

Stator 
Hole s---""  

P 13+ 
Gnd. 

a matter of loosening four screws. Don't touch 
the stator plates. The screw with the shield on 
it, which holds C2 to the chassis, also holds the 
coil shield in place underneath the chassis. 
The 1700-ke. i.f, transformer is mounted on its 

side because the chassis and panel sizes are such 
that the receiver can he mounted in a small cabi-
net, and mounting the transformer upright would 
prevent any such installation. To lay the trans-
former on its side, two ,kj-itich diameter holes are 
drilled in the side of the i.f, can, opposite the coils. 
The leads from the i.f, transformer are brought 
out these holes and through corresponding holes 
in the chassis. An end plate on the transformer 
has a clearance hole for the grid lead. Fig. 5-35 
shows these modifications and how the leads are 
connected. The 1700-ke. transformer is fastened 
to the chassis %yid] two clamps using spade bolts. 
An alternative method would be to make a 
bracket of the end plate and another bracket at 
the adjusting-screw end of the transformer. 
The 100-ke. circuits use a TV component, the 

RCA 205B1 Horizontal Oscillator coil. As pur-
chased, they have the soldering lugs and tuning 
screw out of the top of the can, but they are easily 
reversed by uncrimping the can and reversing the 
assembly. Before reassembly, however, there are 
a few things to be done. The large coil is used for 
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the 100-kc. tuned circuit by connecting a 100-
add. mica condenser between Pins A and F and 
lifting the center-tap from Pin C. Don't break the 
center-tap — the easiest way is to scrape the two 
wires first to remove the insulation, flow a drop of 
solder on the scraped portion, and then cut the 
two wires away at the pin. The other winding is 
used as the primary in T2 and the t iekler in T3. 
The primary in T2 can be tuned front t he top, be-
cause then is also an iron slug in t his smaller coil. 

In wiring the set , use tie points liberally so that 
no component s ivill be floppy. The only shielded 
wires are the one running from the volume control 
R16 to Pin 1 of the audio amplifier and the leads 
from T3 to Pins 4 and 5 of the detector. The 
shields are grounded to the chassis at the ends 
and any other convenient points. 
The oscillator coil, L3, is made from B & W 

Miniductor. To separate the two coils of L3, push 
the 3rd or 4th turn from one end of the piece of 
Miniductor through toward the center of the coil. 
Snip this wire with a pair of cutters and push 
the two ends back out. Each end is then peeled 
around for turn. The two coils are adjusted to 
the right number of turns by working in from the 
outside ends. 
The rotor of C2 is grounded underneath the 

chassis by running a wire from the front support 
of the rotor through a hole in the top of the chassis 
to the lug under LI. Grounding the rotor to the 

top of the chassis is inadvisable because the r.t. 
must then flow over and under the chassis. 

Adjustment 

There are two types of adjustment that must 
be made to get the receiver working: adjusting 
the circuits to the proper frequencies and adjust-
ing the oscillators and the regenerative detector 
to the proper amplitudes. To this latter end, leave 
the grounded end of R5 disconnected in the origi-
nal wiring, and lightly solder (so that it can be 
changed later) the lead from l'in 5 of the detector 
to Terminal C of T3. Resistors that may require 
changing are R3, R7 and R13, so don't solder them 
too well at first. 

Connect a power supply to the receiver and see 
that the tubes light and that the power-supply 
voltages are approximately correct. The 250 volts 
can be anything 25 volts either side of 250, and 
the 105 volts, (liming from a VII tube, will be 
nothing to worry about if the VB. tube lights. A 
suggested power supply is shown in Fig. 5-37. 

Next connect a low-range milliammeter be-
t ween R5 and ground (+ lead to ground) and 
apply power again. The grid current should read 
about 0.05 ma. (50 aa.). If it reads much more 
than this, try a slightly larger resistor at R7, or a 
smaller one if the grid current is too low. Make 
these adjustments With HIV rotor arm of R 0 at 
the grounded end (maximum gain). 

Fig. 5-36— A bottom view of the four-tube superheterodyne. The audio choke. L5, is in the upper right-hand 
corner, near W here the pgmer lead- lease the The \ T -‘oeket nearer the set I.. the I letet•tor-b.f.o. seetioti. 
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Next check the oscillation of 

the oscillator portion of the 
6SB7-Y. To do this, lift the end 
of R2 that connects to the tuning 
condenser and insert a 0-1 mil-

115V. 
liammeter between resistor and A.C. 

ground. With C7 set at about j4  
maximum capacity, your mil-
liammeter should read about 0.2 
ma. If it reads much more, in-
crease the value of 113 - if much 
less, the value of Ra should be decreased. If 
you get no reading, it means tue oscillator isn't 
working. With both coils of L3 wound in the same 
direction, the stator of the tuning condenser 
should be connected to the outer end of the larger 
coil, and Pin 6 of the 6SB7-Y should be connected 
to the inside turn of the smaller coil. 

If you can borrow a serviceman's test oscillator 
that will give a modulated signal at 1700 kc., this 
signal can be introduced at the grid of the 6K8 
and the 100-kc. if. circuits can be peaked (b.f.o. 
turned off), listening in the headphones for maxi-
mum response. The 1700-kc. signal can then he 
transferred to the grid of the tiSB7-Y and the 
trimmers peaked on 7'1. Lacking the signal gen-
erator, the alternative is to provide a modulated 
signal in the 80- or 40-meter band and couple it to 
the stator of C214. If the signal is from a crystal 
oscillator or VF() at 3750 kc. (for example), run-
ning from an unfiltered power supply to furnish 
the modulation, set the tuning dial vertical. If the 
signal is at 3500 kc., set the tuning condenser C6 
at almost full capacity. Rock C7 slowly until the 
signal is heard. Then peak the 100-ke. transform-
ers 7'2 and T3, reducing the signal input as neces-
sary to avoid overloading. Next turn on the b.f.o. 
and adjust the slug in L4 until a beat note is 
heard. Then peak the trimmers in 7'1. 
With the initial tuning of the I00-kc. channel 

done, the slugs of L1 and L2 can be adjusted for 
maximum signal, with no antenna connected. Set 
C2 at almost full capacity, the signal near 3.5 Mc., 
and adjust the iron slugs for maximum in the 
headphones. If a VFO or crystal oscillator is fur-
nishing the signal, there will probably be enough 
pick-up without any apparent coupling, but a 
short 6-inch wire connected to the antenna termi-
nal may be required to pick up the output from 
a low-powered signal source. 

It is not likely that the 100-kc. circuits will be 
tuned to the exact frequency that makes the 
calibrations coincide on 80 and 40 meters. While 
this isn't necessary, of course, it does make the 
dial look cleaner. To bring the calibrations into 
line, beg or borrow a frequency standard that will 
give signals at 100-kc. intervals. First locate the 
4.0- and 7.0-Mc, points on the receiver dial, by 
referring the harmonics from the 100-kc. standard 
to the original signal you used for alignment. If, 
for example, the 80-meter signal you used was at 
3650 Ice., you know that the first 100-kc. harmonic 
you hear on the high-frequency side will be 3700 
kc., and the first one on the low side will be 3600 
ke. The second harmonic of the 3650-kc. signal 
will furnish a check point at 7300 kc. (2 X 3650), 

5Y.3-61 
4 

11 L2 
+250 

ci 
C21 +105 

VR-I05 
R2 

• GNO. 

• 6.3 

Fig. 5-37 - Suggested circuit diagram for the receiver 
power supply. 

C1, C2 - 16-gfil. 450-volt electrolytic. 
Ri - • 1000-ohm 10-watt wire-wound. 
112 -megohm 1-watt composition. 
- 8-henry 75-nia. filter choke (Stancor C-1355). 

1.2 - 15-henry 75-nta, filter choke (Stancor C-1002). 
Si - S.p.s.t. toggle. 
Ti - 325-0-325 volts at 55 ma.; 6.3 v. at 2 amp.; 5 v. at 

2 amp. (Stancor P.M-8407). 

so swinging C2 to about meshed (where it will 
pt•ak the 7-Mc, signals) will allow you to locate 
the 7-Mc. points. Thus you will have 100-kc. 
intervals on the dial from 3.5 to 4.0 Mc. and from 
6.9 to 7.4 Mc., but not necessarily coinciding. To 
make them coincide, some slight retuning of the 
100-kc. transformers is required. If, for example, 
the 7.0-N1c. point occurs to the right of the 3.6-
Mc. point, the 100-kc. amplifier is tuned low, and 
the slugs should be turned out slightly. A few 
trials will bring the circuits into place. 
Now check the regeneration of the detector by 

connecting the lead from Pin 5 of the detector to 
1) on 7'3. If a steady beat is heard, indicating that 
the detector is oscillating, tune both circuits of 
72 and see if they will kill the oscillation. Their 
action is to load the regenerative detector to 
where it won't oscillate - if the action persists, 
try a 4700-ohm resistor at 1113 as a last resort. 
These circuits should be peaked on a modulated 
signal, with the b.f.o, turned off. 

After the detector has been made regenerative, 
the calibration can again be checked as in a pre-
ceding paragraph, and any minor changes in tun-
ing made as are found necessary. Once the 100-kc. 
circuits have been aligned they can be left alone, 
and if the 3.5- and 4.0-Me. points don't come 
where you want them on the tuning dial, a slight 
adjustment of C7 will correct it. 
Connect a 140-add. variable in series between 

antenna and the antenna post. On 80 meters, 
peak C2 on a signal and rock the adjustment slug 
of LI. If it tunes fairly sharp, the antenna coupling 
is not too tight on that band. Swing C2 out until 
you are listening on 40 (to a signal) and again 
rock the slug on LI. If it tunes broad, reduce the 
capacity of the 140-add. antenna condenser until 

shows a definite peak. Note the settings of the 
condenser for the t wo bands. 
The input condenser, C2, will tune sharply on 

either band, and it should always be peaked when 
listening to a weak signal. Detuning it slightly 
will attenuate abnormally loud signals. 
The power-supply requirements for the re-

ceiver are slight: about 15 ma. at 250 volts and 
25 ma. at 105. A 60-ma, power supply will take 
care of this and the extra 10-12 ma. for a VR-105. 
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A Clipper/Filter for C.W. or 'Phone 
The clipper/filter shown in Fig. 5-39 is plugged 

into the receiver headphone jack and the head-
phones are plugged into the limiter, with no work 
required on the receiver. The limiter will cut 
down serious noise on 'phone or c.w. signals, it 

CI 

A.F. Input 

- 2So r 

CATHODE 
FOLLOWER 

4 

5 ¡6SN7 
• 

I LI 

6.3v AC. 

Cs 

The circuit is shown in Fig. 5-38. The constants 
are not too critical, and have been adjusted for 
operation at t he signal levels ordinarily available 
from the headphone jack on a receiver. The clip-
per output circuit is heavily by-passed by C6 

CATHODE 
FOL LOWER 

6557 

Cs 

 . SI, 

Fig. 5-38 — Circuit diagram of the andin clipper unit. Power 
requirements are 16 nia. at 250 v. d.e., 1.2 amp. at 6.3 v. a.c. 

CI, C4, C7 — 470-55 fil. mira. 
C2 — 0.04-gfd. paper. 
C3 — 0.1-µftl. parier. 
C:5 — 8-µfd. 450-% oh electrolytic. 
Cs — 0.003-gfd. paper. 
Cs — 10-gfd. 25.% oit electrolytic. 
Cg — 0.25-pfd. paper. 
R1, lia — 1 megolim, j 2 watt. 
R2, 119 — 1500 ohms, watt. 

will keep the strength of c.w. signals at a constant 
level, and it will add selectivity to your receiver 
for c.w. reception. It will do much to relieve the 
operating fatigue caused by long hours of listen-
ing to static crashes, key clicks encountered on 
the air and with break-in operation. and the like. 

114 — 10,000 ohms, 2 watt. 
I1 s — 22,000 ohms, j.'2 watt. 
Ils — 47,000 ohms, 1 watt. 
117 — 33,000 ohms, !¡" watt. 
Rs — 1-megohni volume control. 
14 — 250-mh. choke lillen 34400-250). 
it — 'Phone jack, single circuit. 
Si — 2-circuit 3-position switch. 

to reduce the amplitude of the harmonies gen-
erated in the clipping process, and addit louai by-
passing by Cg, across the headset, is used for the 
same purpose. Cathode-follower input and output 
circuits allow the unit to be used with any re-
ceiver output and any headphones, and they also 

• 

rig. 5-39 -- The audit, clipper 
unit includes mput and out-
put amplifiers of the cathode-
follower type, a dual-triode 
clipper circuit, and a selective 
audio , y,tein. IL is huilt in 
a small utility box, with a 
val& for tbiner-impidy con-
nections and a cord and plug 
to iii, k up audio from the re. 
ceiyer's headphone jack. 

• 
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---- Inside view of the 
clipper unit. The gain con-
trol, s%5 tilt, headphone jack, 
and the larger fixed eon-
densers are  ted on the 
walls of the box. The two 
tubes and the selective audio 
circuit are mounted on the 
removable panel. The sclec• 
tire circuit, consisting of the 
choke coil and two tubular 
condensers, occupies the up-
per half of the panel in this 
view. The socket at the left is 
for the input and output am-
plifiers; the right-hand socket 
is for the double-triode clip-
per. 

contribute to the effectiveness of the audio filtur, 
LiC2C3. A three-position switch, Si, is provided 
so t hat the unit can be cut out entirely, used wit h 
straight limiting and no selectivity, or with bot li 
selectivity and limiting. The " off" position is 
useful principally to convince the skeptical, and 
the limiting wit bout selectivity is useful for im-
pulse noise, when encountered. High selectivity 
and good noise suppression do not go hand in 
hand. 
The unit, shown in Figs. 5-39 and 5-40, is built 

on one panel and the sides of a 3 by 4 by 5 utility 
box. The parta on the panel and the box proper 
are connected through cabled leads made long 
enough so the panel can be swung out as shown. 
Any type of construction can be used, since there 
is in it critical in the layout. One precaution 
to observe is to use a shielded lead bet ween the 
" hot" input terminal and the switch, to prevent 
possible stray coupling between the input and 
later high-impedance circuits because of the 
cabled leads. 
The selective audio circuit chosen gives a type 

of frequency-response curve that is quite useful. 
The peak at 800 cycles is broad enough to avoid 
tuning difficulties, even when used in conjunction 
with the crystal filter in the receiver. Neverthe-
less, the response drops off rapidly enough, par-
ticularly on the high-frequency side, to make a 
marked difference in respect to the " capturing" 
of the limiter by strong off-resonance signals. 
There is a " notch" at 1700 cycles. 
There is a wide latitude in choice of inductances 

for LI. The Millen coil listed under Fig. 5-38 was 

the best of available low-priced units tried, in 
terms of sharpness of the response curve and the 
depth of the rejection notch. Some of the small 
filter chokes such as the Stancor C-1515 and 
Thordarson T20053 also work reasonably well. 
The former will resonate at approximately the 
same frequencies as given above with 330 pedil. 
at C3 and 470 ;2,ufd. at C3; the latter choke re-
quires 0.001 mfd. at C2 and 0.002 eifd. at C3. With 
ally coil the values of capacitance required to 
place the peak and notch at frequencies that best 
fit one's taste in beat notes can easily and quickly 
be determined by simple cut-and-try. Other types 
of selective audio circuits can, of course, also be 
substituted. 

In use, the receiver's gain controls should be 
set so that only the stronger signals are clipped; 
too-deep clipping will make the receiver sound as 
though practically every signal overloads it. Once 
the proper settings for clipping level are deter-
mined, the actual audio volume is adjusted by the 
gain control on the unit. A little juggling back and 
forth between the receiver controls and the out-
put control in the clipper unit will eventually 
result in the receiver's sounding very much like 
it does without the clipper present. The difference 
is that the signals and noise, including one's own 
transmitter signal, don't rise above the level set 
as a ceiling. 
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The "Selectoject" 
The Selectoject is a receiver adjunct that can 

be used as a sharp amplifier or as a single-fre-
quency rejection filter. The frequency of opera-
tion may be set to any point in the audio range 
by turning a single knob. The degree of selectivity 
(or depth of the null) is continuously adjustable 
and is independent of tuning. In 'phone work, the 
rejection notch can be used to reduce or eliminate 
a heterodyne. In c.w. reception, interfering sig-
nals may be rejected or, alternatively, the desired 
signal may be picked out and amplified. The 
Selectoject may also be operated as a low-distor-
tion variable-frequency audio oscillator suitable 
for amplifier frequency-response measurements, 
modulation tests, and the like, by advancing the 
"selectivity" control far enough in the selective-
amplifier condition. The Selectoject is connected 
in a receiver between the detector and the first 
audio stage. Its power requirements are 4 ma. at 
150 volts and 6.3 volts at 0.6 ampere. For proper 
operation, the 150 volts should be obtained from 
across a VR-150 or from a supply with an output 
capacity of at least 20 eifd. 
The wiring diagram of the Selectoject is shown 

in Fig. 5-41. Resistors R2 and R3, and R4 and Rby 
can be within 10 per cent of the nominal value but 

Rg 
+150 

A.F. 

INPUT 

Fig. 5-41 — Complete schematic of Selectoject using 12_1X7 tubes. 

+15ov frefulater0 
A.F. INPUT 

PHASE SHIFTER 
I2AX7 

C4 

Cs 

Ct — 0.01safd. mica, 400 volts. 
C2, C — 0.1spfd. paper, 200 volts. 
Ce, Cs — 0.002-4d. paper, 400 volts. 
Ca — 0.05-pfd. paper, 400 volts. 
Ce — 16.sfd. 150-volt electrolytic. 
C7 — 0.0002-afd. mica. 
RI — 1 megohm, IA watt. 
R2, Re — 1000 ohms, 1 watt, matched as closely as 

possible (see text). 
114, Ra — 2000 ohms, 1 watt, matched as closely as 

possible (see text). 

they should be as close to each other as possible. 
An ohmmeter is quite satisfactory for doing the 
matching. One-watt resistors are used because 
the larger ratings are usually more stable over a 
long period of time. 

If the station receiver has an " accessory 
socket" on it, the cable of the Selectoject can be 
made up to match the connections to the socket, 
and the numbers will not necessarily match those 
shown in Fig. 5-41. The lead between the second 
detector and the receiver gain control should be 
broken and run in shielded leads to the two pins 
of the socket corresponding to those on the plug 
marked " A.F. Input" and " A.F. Output." If the 
receiver has a VR-150 included in it for voltage 
stabilization there will be no problem in getting 
the plate voltage — otherwise a suitable voltage 
divider should be incorporated in the receiver, 
with a 20- to 40-dd. electrolytic condenser con-
nected from the + 150-volt tap to ground. 

In operation, overload of the receiver or the 
Selectoject should be avoided, or all of the pos-
sible selectivity may not be realized. 
The Selectoject is useful as a means for obtain-

ing much of the performance of a crystal filter 
from a receiver lacking a filter. 

7 

R13 

1,3  

AMP 
Y212AX7 

•''' 
• 

POSITION I = 
Selective Amplifier 
arid Oscillator 

POSITION 2 = 
Rejection Filter 

A.F. 

OUTPUT 

116 — 20,000 ohms, M watt. 
117 — 2000 ohms, 34 watt. 
R8 — 10,000 ohms, 1 watt. 
Rs — 6000 ohms, watt. 
Rio — 20,000 ohms, watt. 
Ru — 0.5smegohm h-watt potentiometer (selectivity 

control). 
Riz, Rn — Ganged Ssmegohm potentiometers, standard 

audio taper (tuning control). 
St, Sz — D.p.d.t. toggle (can be ganged). 
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A Bandswitching Preselector for 14 to 30 Mc. 
The performance of many receivers begins 

to drop off at 14 and 30 Mc. The signal-to-
noise ratio is reduced, and trouble with r.f.-
image signals becomes apparent. The preselec-
tor shown in Figs. 5-42 and 5-44 can be added 
ahead of any receiver without making any 
changes within the receiver, and a self-con-
tained power supply eliminates the problem 
of furnishing heater and plate power. 

As can be seen from the wiring diagram, Fig. 
5-43, a 6AK:i if. pentode is used in the pre-
selector. Bot Ii the grid and plate circuits are 
tuned, but the tuning condensers are ganged 
and only one control is required. The gain 
1 hrough the amplifier is controlled by changing 
the cathode voltage, through R3. A selenium 
rectifier is used to supply plate power, and the 
heater power comes from a step-down trans-
former. The chassis is at r.f. ground but the 
d.c. circuit is isolated, to prevent short-
circuiting the a.c. line through external con-
nections to the preselector. 
A t wo-section ceramic switch selects either 

the 14- to 21- Mc, or the 28- Me. coil, or the 
antenna can be fed through directly to the re-
ceiver input. When operating in an amateur 
band bet ween 14 and 30 Me., swit citing to the 
band not in use will at tenuate one's own signal 
sufficiently to permit direct monitoring, in 
most cases. 

As shown in Fig. 5-42, the ganged condensers 
are controlled from the front panel by a 
National MCN dial, and a small knob to the 
right of this dial is connected to the antenna 
trimmer, C4, for peaking the tuning with 
various antennas. The a.c. line is controlled 
by S2, a toggle switch mounted on the panel. 
The preselector is built on a 3 X 5 X 10-

inch chassis, and a 6 X 6-inch plate of thin 
metal is used for a panel. A 1% X 3-inch 
aluminum bracket mounted about 3X2 inches 
behind the front panel supports the tuning 

5-12 - A bandswitch-
ing pre-elector for 14 and 
28 NI... single 6AK.5 ampli• 
tier i- used, and the power 
suppl:, is included in the unit. 
The antenna-trimming con-
denser is mounted on the small 
aliiminu,n partition. 

• 
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condenser, t'a, and the antenna trimmer, C4. 
Millen 39005 flexible couplings are required 
to handle the offset shaft of C4. Both C5 and 
Cg are mounted on the chassis with 6-32 
screws, but the chassis should be scraped free 
of paint before installation, to insure good 
contact. 
The shield partition between the two switch 

sections ( Fig. 5-44) straddles the tube socket 
and shields the grid from the plate circuit. 
The switched ends of all coils are supported by 
their respective switch points, and the other 
ends are sob lured to tie points mounted on the 

L2 

COIL TABLE FOR THE PRESELECTOR 

5 t. No. 24, '-inch diameter 
(B & \V 3012) 

5 t. No. 24, 1-inch diameter 
(B & W 3016) 

L3 6 t. No. 24, 3%-inch diameter 
(B & W 3012) 

L4 7 t. No. 20, 1-inch diameter 
(B & W 3014) 

L5 72 t. No. 20, 3%-inch diameter 
(B & W 3010) 

L6 3 t. No. 24, 1-inch diameter 
(B & W 3015) 

11 t. No. 24 d.c.c., close-wound, 
M-inch diameter 

Lg 4 t. No. 28 d.c.c., close-wound, 
¡-inch diameter 

L7 and Ls are wound adjacent on a 5.-inch diame-
ter polystyrene form National PRD-2) 

L7 

chassis. The mica trimmers, C9 and C10, are 
supported on short lengths of stiff wire, and a 
hole in the side of the chassis is required to 
reach C10 with an aligning tool. 
The power-supply components are mounted 

as near the rear of the chassis as possible. The 
selenium rectifier must be insulated from the 
chassis. 
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3 
(of 6A1(5) 

 Pin 4 

C, ( :2 - 10-gmfd. mica. 
— mica. 

(.4 I )4,41.11.  • !get ariabl, illeo 200151. 
— :a1,41.1 midget variable Millen 19050). 

:10 — :t- t,, libmord. mica tri llll ner. 
1:13, Lin — 11.01-mfd. paper, 400 volt.. 

— Ittliti 10-pfd. 150- volt electrolytic. 
Ri — 27,000 ohms. 
H2— 330 ohms. 
1t3 — 5000-ohm wire-wound potentiometer. 

The coils are made from B & W " Miniduc-
tors," as shown in the coil table, with the ex-
ception of one plate and coupling coil which are 
wound on a polystyrene form. The ground 
returns for the cathode and plate by-pass con-
densers are made to a common terminal, a 
soldering lug under one of the mounting screws 
for Cg. 
When the wiring has been completed and 

checked, the antenna is connected to J1 and a 
cable from J2 is run to the receiver input. Tune 
the receiver to the 1-1- Me, band and set Si to 
the proper point. Then turn the main tuning 
dial until the noise or signal increases to a maxi-
mum. This should occur with C5 and Cs set at 
close to maximum capacity. Then peak the 
noise by adjusting C10 and C4. 
The 28- Me. range is adjusted in the same 

- 
RG-59/U 

Fig. — Wiring diagram of 
the bandswitching preselector. 

114— 4700 Ants. 
R5 — 18,000 ohms, 2 watts. 
Rn, H7 — 470 ohms. 
14-1.8 — See coil table. 
L3 — 20-henry 30-ma. filter choke. 
J2 Coaxial-cable jack (Jones S-101). 

Si — 2-gang 2-circuit 5-position ceramic ( Nlallory 177C). 
S2 — S.p.4.t. toggle. 
Sit — 50 tna. selenium rectifier. 
— 6.3-volt transformer. 

way, with the exception that Cg is touched up. 
It may be found necessary to touch up CI when 
different antennas are used. The preselector 
may oscillate with no antenna connected, but 
with any type of wire or feed line the operation 
of the amplifier should ordinarily be perfectly 
stable. 

As shown, the preselector is intended for 
use with coaxial-line feed to the antenna and 
to the receiver. If a balanced two-wire line is 
used from the antenna, it is recommended 
that a suitable two-wire connector be substi-
tuted for Ji. The grounded sides of L1 and L2 
should be disconnected from ground and re-
t urned to one side of the connector. The out put 
connector can be left as shown, since at the 
lower frequencies the proper antenna connec-
tion isn't so important. 

Fig. .5-44 — A view under. 
flea t h t he ehassis of the hand. 

itching preselector, showing 
ir) thin between 

Itch sections and the sele-
nium rectifier and associated 
1,1ter. 
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An Antenna-Coupling Unit for Receiving 
It will often be found advantageous on the 

14- and 28- Mc. bands to tune (or match) the 
receiving-antenna feed line to the receiver, in 
order to get the most out of the antenna. One 
way to do this is to use, in reverse, any of the 
line-coupling devices advocated for use wit h a 
transmitter. Naturally the components can 
be small, because the power involved is negligi-

Antenna Receiver 

12 

Fig. 5-45 — Circuit diagram of the coupling unit. 

140-pufd. midget variable (Millen 22140). 
C2 100-asfil midget variable (Millen 22100). 
LI, L2 25 turns No. 26 d.c.c. space-wound to occupy 

1 inch on I- inch diameter form (Millen 45000), 
tapped at 2, T,. 8, 12 and 18 turns. 

Si — 2-circuit 5-po-it ion single-section ceramic wafer 
switch ( Mallory 173C). 

ble, and small receiving condensers and coils 
are quite satisfactory. Some provision for 
adjustable coupling is recommended, as in the 
transmitting case, because the signal-to-noise 
ratio at. 1 I and 28 Mc. is dependent, to a large 
extent, on the degree of coupling to the antenna 
system. The tuning unit can be built on a small 
chassis located near the receiver, or it. can be 
mounted on the wall and a piece of RG-59/1: 
run from the unit to the receiver input, in the 
manner of a link line in transmitting practice. 
For ease it) changing bands, the coils can be 
switched or plugged into a suitable socket. 
Adjustable coupling not only of-
fers an ttpportunity to adjust for 
best signal to- noise ratio, but the 
coupling can be decreased when a 
strong local signal is on the air, to 
eliminate " blocking" and cross-
motitilat ion effects in the receiver. 

• 

Fig. 5-46 — A compact 
coupling network for 
matching a balanced line 
to the recei%er on 14 and 
28 Mc. 
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One convenient type of antenna-coupling 
unit for receivers uses the familiar pi-sec-
tion filter circuit, and can be used to match 
a wide range of antenna impedances. The 
diagram of a compact unit of this type is 
shown in Fig. 5-45. Through proper selection 
of condensers and inductances, a match can 
be obtained over a wide range of values. The 
device can be placed close to the receiver and 
left connected all of the time, since it will have 
lit tle or no effect on the lower frequencies. A 
short lengt h of 300-ohm Twin-Lead is conven-
ient for connecting the antenna coupler to the 
recei ver. 
The antenna coupler is built in a 5 X 7 X 2-

inch metal chassis. All of the components ex-
cept the two coils are mounted on the front and 
rear faces. The condensers are mounted off the 
panel by the spacers furnished with the con-
densers, and a clearance hole for the shaft 
prevents any short-circuit to the panel. The 
coils, wound on Millen 45000 phenolic forms, are 
fastened to the chassis with brass screws, and the 
coils should be wound on the forms as far away 
as possible from the mounting end. The switch 
should be wired so that the switching sequence 
puts in, in each coil, 2 turns, 5 turns, 8 turns, 12 
turns, 18 and 25 turns. 
The unit is adjusted for maximum signal by 

swit cluing to different coil positions and adjust-
ing c1 and C2. It will not be necessary to retrim 
the condensers except when going from one 
end of a band to the other. and when the unit 
is not in use. as on 7 and 3.5 Mc., tlw coils 
should be set at the minimum number of turns 
and the condensers set at minimum. The small 
reactances remaining have a negligible effect. 
The coil in the grounded side should be shorted 
if coaxial-line feed is used. 
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Receiver Matching to Tuned Lines 
The pi-section coupler shown in Figs. 5-45 

and 5-46 can be used in many instances for 
matching a balanced open-wire line to the 
receiver, and it can be used with an unbalanced 
line by short-circuiting the inductance in 
the grounded side of the unbalanced line. 
However, there are many applications where 
another type of coupler is slightly more ad-
vantageous, as when an all-band antenna sys-
tem with tuned feeders is used, or where a 
wide range of line impedances may be en-

Fig. 5-47 — A small tuned coupler for matching the 
receiver to a tuned line. The unit is made either series. 
or parallel-tuned by the position of the antenna con-
nection block. 

countered. This other type of coupler, shown 
in Figs. 5-47, 5-48 and 5-49, is simply a scaled 
down transmitter coupler, with provision for 
either series or parallel tuning. The change 
from series to parallel tuning is made simply 
by the manner in which the antenna connec-
tion plate is plugged into the unit. 
As can be seen in the wiring (liagram, Fig. 

5-48, when the antenna connection plate is 
plugged in so that all four contact:,, are engaged, 
the two condensers are connected across the 
coil in series, to give parallel tuning. When 
the plate is dropped down, so that only the 
antenna plugs engage at A and B, the unit is 
connected for series tuning. Small low-power 
transmitting coils with swinging links are 
used. 
The unit is built in a 4 X 4 X 2-inch box, 

with the coil socket mounted on one 2 X 4-
inch side. One of the 4 X 4-inch side plates is 
replaced by a sheet of polystyrene or other in-
sulating material, on which are mounted four 
banana jacks. A similar but smaller piece of in-
sulating material is drilled at the same time 

Antenna 
Connection 

8/ock 

To itntenn 
or Re/ay : 1 

8 

300-ohrn 
line to 
receiver 

Fig. 5-48 — Circuit of the tuned antenna coupler. 
CI, C2 — 100-apfd. midget ariable illen 22100). 
t.1 — Coil to tune to band in use, 1, it II swinging link 

(National Alt- 16). 

to take four banana plugs. A pair of clearance 
holes must be added to the larger plate t o clear 
two of the plugs when the series connect ion is 
used. 
The two condensers are mounted in the 

box and ganged with an insulated shaft cou-
pling. The remaining 4 X 4-inch side plate 
is drilled and filed to form an oval hole that 
will pass the 300-ohm line from the coupler 
to the receiver. A rubber grommet should be 
fitted in the hole to protect the line from 
the metal and to provide a little clearance. 

In operation, the coupler is used in exactly 
the same way that one is used with a trans-
mitter. Some experimenting is necessary to 
determine whether series or parallel tuning 
should be used on the various bands, and it 
may be necessary to use the coil from the next 
lower-frequency band if series tuning is in-
dicated, or to remove a few turns from a coil 
if parallel tuning is required. In any event, 
the tuner should tune fairly sharply and give 
a definite " peak" to the incoming signals. 
When this condition has been found on any 
one band, the coupling can then be adjusted 
for maximum response to the signals, by ad-
justing the position of t he link winding within 

ig. 5-49 — Another view of the tuned antenna coupler. 
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A One-Tube Converter for 10 and 11 Meters 
The 10- and 11-meter converter shown in Figs. 

5-50 and 5-52 is a simple unit that can be built 
in a few hours, for a cost of less than fourteen 
dollars. The converter uses a fixed-tune i.f, and 
tunable input and oscillator circuits, in preference 
to a fixed-frequency oscillator and a tunable out-
put circuit. With a one-tube converter of the 
latter type, it is almost impossible to avoid pick-
ing up at least a few signals in the tuning range 
of the receiver. Using a tunable oscillator and a 
fixed-frequency output circuit permits one to 
select an i. ï. free front interference. The plate-
current demand is only 5 ma., and it is usually 
possible to operate the converter from the re-
ceiver power supply. 
As can be seen in Fig. 5-51, the Hartley circuit 

is used in the oscillator portion of the 6BA7 
pentagrid converter. A padding condenser, C2, is 
switched in through Si to change the range for 
11-meter operation. Condenser C4 is used for 
tuning, and the input circuit is tuned to either 
range with CI. The screen grid of the 6BA7 is 
operated at about 65 volts, since higher voltages 
will increase the total ttdie current wit bout any 
marked improvement in performance. However, 
since the available supply voltage will vary wit h 
different receivers, the value of the screen drop-
ping resistor, 112, cannot be specified, and it must 
be calculated, as described later. 

There is a good reason for not using an antenna 
switch for straight-through operation of the con-
verter. With practically any available switch it is 
very difficult to prevent capacity coupling be-
tween the input and output circuits of the con-
verter. Any such capacity coupling increases the 
problem of eliminating interference at the if. By 
equipping the converter and the receiver with 
identical input terminals and using similar plugs 
on both the antenna feed line and OW l'omverter 
output cable, antenna changeover is no problem. 
The metal partition separating L2 and L3, shown 
in Fig. 5-52, reduces the effect of oscillator har-
monics beating with high-frequency (FM) broad-
cast stations. 

Construction 

The converter is built on a 5 by 7 by 2-inch 
aluminum chassis, and a 6 by 7-inch panel is held 
in place by the components mounted on the front 
wall of the chassis. The main tuning dial is a 
National type MCN. 

It can be seen in Fig. 5-50 that the oscillator 
tuning condenser C4, is mounted on n-inch 

• 

Fig. 5-50 — A one-tube converter for 
extending the tuning range of a re-
ceiver to 10 and 11 meters. The crys-
tal socket on the back of tlàe chassis 
receives the antenna plug (Millen 
37412). 
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metal pillars. :1 National type GS-10 stand-off 
insulator is local ed at the froitt-right-hand side of 
C4, and a soldering lug at the top end of this 
insulator is soldered to the stator terminal lug of 
the condenser. This added support for the tuning 
condenser improves oscillator stability, by pre-
venting rocking of C4 as the control shaft is 
turned. A feed-through bushing at the other front 
terminal of the condenser is used to support and 
insulate the lead passing through the chassis to 
the coil below. '1'he padder condensers for the 
oscillator circuit, C3 and C5, are mounted on the 
rear terminal lugs of the tuning condenser. 
The grid coil, L2, is mounted on the terminal 

lugs of the input tuning condenser, C1. The an-
tenna coil, L1, should be wound around L2 before 
the larger coil is soldered in place. The tube 
socket, to the rear of eiL2, is mounted with pins 
No. 1 and 7 facing toward the rear of the chassis. 
The aluminum shield between the input and the 
oscillator coils has a :Y8-inch lip bent over along 
one edge, for fastening to the chassis. The shield 
is slotted to clear the cathode-tap lead. 
The screen and decoupling resistors, R2 and 

/?3, respectively, are supported at the power-
supply ends by a tie-point strip which is held in 
place by the same screw that anchors the solder-
ing lug for L3. If the receiver supply voltage is 
known at this time, it is possible to calculate the 
correct value for the screen-dropping resistor, 
and the resistor can be mounted on the tie-
point strip. The resistor value is obtained from 
the equation 

supply voltage — 65 
R (ohms) — 

0.0046 

Example: Supply voltage 260; the resistor value is 
260 — 65 42 391 ohms. Anything within 20% 
0.0046 of this figure would be satisfactory. 

The coaxial output cable is terminated at the 
chassis end at a tie-point strip located at the left 
end of the chassis. 
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Ant. 

27 to 30Cc 24 to 27 Mc 

Fig. 5-51 — Circuit diagram of the low-cost 10- and 11-meter converter. 

Ci — 15-.pfd. variable ( Millen 20015). 
Co, Ca — 3-30-1444fd mica trinimer.. 
C4 — 25-pfd. variable ( Millen 19050 with 2 stator and 

2 rotor plates removed). 
4:0, — 68-umfd. silver mica. 
(:s — 47-.0.fd. ceramic. 
C7. C9 — 0.01-.fd. disc ceramic. 
Cs — 82-..fd. mica. 
Ri — 22,000 ohms, watt. 
H2 — Screen resistor: see text. 
113— 1000 ohms, F2 watt. 
— 3 turns No. 24 d.s.c., space wound around L2. 

It is important that the link from the converter 
to the receiver be well shielded, to avoid picking 
up any signals directly in the receiver. A length 
of RCI-58/ li or ItG-59. U can be used and, if 
necessary, a small shield should be mounted 
over the antenna binding post of the receiver. 
however, it is usually possible to set the receiver 
somewhere near 3 Mc. that will be free from even 
the weakest straight-through interference. 

If no communications receiver is available, a 
war-surplus BC-454 aircraft receiver (tuning 
range of 3 to 6 Mc.) makes an inexpensive re-
ceiver for use with this converter. 

Testing 

Power for I Ile converter u:iri be obtained from a 
separate supply. hut it is usually more convenient 
to " steal" the power front t he receiver. The con-
verter requires 6.3 volts at 0.3 ampere for the 
heater and 200 to 250 volts d.c. at 5 to 6 ma, for 
the plate and screen. 

After the power supply has been connected, it 

3Mo. 

L2 13 turns No. 20 tinned, diam., Ills-inch 
long ( 13 & V 3007). 

La — 6 turns No. 18 tinned, Y2-inch diam., ..¡"-inch long, 
cathode tap 1 turns from ground end (B & W 
3002). 

L4 — Slug-tuned plate coil (CTC LS3 — 5 MC.). 
1.3 — 10 turns No. 24 d.s.c scramble wound at cold 

end of I.  
ji — Panel-mounting male socket (Amphenol 86-CPI) 
Pi — 300-ohm Twin-Lead plug (Millen 37412). 
S14 S2 — S.p.s.t. toggle switch. 

is advisable to check the screen and plate volt-
ages with a voltmeter. It may be neces.sary to 
change the value of 112 if the screen voltage isn't 
in the recommended range of 60 to 70. 

If your transmitter uses VFO, set the VFO 
to have a harmonie fall at 28 and tune the 
receiver to 3 Me. If you have crystal control, 
turn on the os(•illator and set the receiver to the 
crystal's 28-Me. harmonic minus 25 Mc. If, for 
example, your crystal has a harmonic at 28,650 
Ice., set the receiver to 3650 kc. Set the tuning 
condenser, Ca, to where you want the test fre-
quency (transmitter-oscillator harmonic) to ap-
pear on the dial, and tune it in by adjusting C3. 
If the signal is too loud, remove any test antenna 
from the converter. With a reasonable signal, 
cheek the tuning of the input circuit, CIL2, and 
adjust L4 for maximum signal in the receiver. 
Once the converter has been set up on known 

frequencies within the 10- and 11-meter bands, 
C2 and C3 are left fixed and the tuning is done 
with C4. The bandspread will be approximately 
80 dial divisions on 10 and 20 or so on 11 meters.. 
CI need not be touched over a tutting range of 
about, 200 kc., and so should be used at intervals 
if the entire band is being combed. 

• 

Fig. 5-52 — A bottom view of the 
one-tube con% erter. The toggle 
switches are for band-changing and 
opening the heater circuit. 

• 



HIGH-FREQUENCY RECEIVERS 121 
Crystal-Controlled Converters for 14, 21 and 28 Mc. 
The principle of using a fixed high-frequency 

oscillator in a converter and tuning the receiver 
the converter works into can be elaborated 
upon by using a stage of r.f. amplification 
ahead of the mixer and by using a crystal-
controlled oscillator for maximum stability. 
Since such a converter is generally used on a 
high frequency where fundamental crystals 
are not available, it is necessary to use a har-
monie of a lower-frequency crystal. A crystal-
controlled converter of this type is shown in 
Figs. 5-53 and 5-55. A separate converter is re-
quired for the 14-, 21- and 27-128- Mc. bands, 
since by using separate converters it is possible 
to simplify their construction and to maxi-
mize their performance. 
The converter uses the harmonic of a crystal 

oscillator to provide an exceedingly stable high-
frequency oscillator signal. For example, in the 
10-meter convert er a I 2.25- Me. crystal doubles 
to 24.5 Mc., and this signal is fed to 1 he mixer. 
13y tuning the amplifier (your present receiver) 
following t he mixer over t he range 3.5 to 5.2 Mc., 
you are, in effect, tuning across the 28- Mc. 
band. The r.f. circuits in the converter are 
tuned to 28 Mc., and only have to be touched 
up when going from one end of the band to the 
other. 
The wiring diagram is shown in Fig. 5-54. A 

neutralized triode-connected 6A K5 is used for 
t he r.f. amplifier. There is some question as to 
its necessity on 14 and 21 Mc., where the 
atmospheric noise is generally high enough to 
limit 1 he maximum usable sensitivity. A 
pentode-connected 6A K5 could probably be 
used wit h no detectable difference in per-
formance on 14 and 21, but the triode is easy to 
handle and you don't lose anything by using it. 
Using high-impedance circuits with the pen-
t( ah. might give trouble from regeneration, 
unless the stage were neutralized. Adjustable 
mitenna coupling and a Faraday screen are in-

Fig. 5-53 — 28-11c. crystal-controlled 
con, crier. The adjustable antenna coupling 
can be seen at the left front. The tube shields, 
r  left to right, cover the trimle-connected 
6 1K5 r.f. amplifier, the 6 1 k7, mixer and the 
6( A. cathode follower. The on - hielded tube 
is the 6.16 oseillator-multiplier. 

eluded to accommodate various antenna sys-
tems and to eliminate capacity coupling to the 
antenna line. The r.f. stage runs at 105 volts 
on the plate, since this gives the best noise 
figure. The separate plate lead also offers an 
opportunity to kill the converter by opening 
this circuit. The 6AK5 pentode mixer is easy to 
handle and quiet enough so that its noise 
doesn't impair the over-all performance. A 
triode mixer might be used, but the pentode 
runs with low current and is quiet. 
The plate circuit of the mixer is tuned to the 

center of the receiver tuning range by setting 
L4 to resonate with the various shunt circuit 
capacities. The circuit has a low Q and there is 
little variation in gain over the range. A 6C4 
cathode follower is used as a low-impedance 
coupling to the receiver input. 
One section of a 6.16 twin triode is used for 

the crystal oscillator, and the other half serves 
as a frequency multiplier. To minimize the 
other harmonies existing in the plate circuit 
of the multiplier, the plate is tapped down on 
L6. 

To get the best possible r.f. circuits, within 
the space limitations, 13 & W " Miniductors" 
are used for LI, L2 and 14. Their Q is well above 
that obtainable with smaller-diameter coils, 
and they are easy to handle. To insure good 
shielding and low-resistance ground paths, an 
aluminum chassis is used in preference to the 
more common steel units. 
The converter is built on a 5 X 9 AI X 3-inch 

aluminum chassis, with several shield parti-
tions to reduce unwanted interstage coupling. 
The most important shield is the one that 
straddles the r.f, amplifier socket and separates 
the grid and plate circuits of this stage. The grid 
tuning condenser, C2, is mounted on bakelite 
insulating washers, and its ground lead returns 
to the common ground at the tube socket, to 
eliminate stray coupling through chassis cur-
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Csc 

R a— p 

C, ,Ls 

Fig,. 5-54 - iring diagram of the 
crystal-controlled converter. 

• — 10-apfd. mica. 
Cs — 20-pufd. midget variable (Johnson 160-110). 
C3, C4, C5, C o, CII, C12, CH, C15, C17, C20 — 680-itpfd. 

mica. 
Cs — 5-add. midget variable (Johnson 160-102). 
C7 — 11-pafd. midget butterfly (Johnson 160-211). 
• CI3 470-aafd. mica. 
C9 — Twisted wire. See text. 
Cis, CIO — See roil table. 
Cts — 47-npfd. mica. 
• Ro — 220 ohms. 
112— 2200 ohms, 1 watt. 

rents. If this isn't done, you may have trouble 
neutralizing the amplifier. 
A 24-inch diameter hole is punched in the 

chassis, so that the externally-mounted an-
tenna coil, Li, can be coupled to the grid coil, 
L2. The Faraday screen is then mounted across 
this hole on the underside of the chassis. To 
construct the Faraday shield, first cut a piece 
of -inch-thiek polstyrene ( Millen Quart z-Q) 
to measure 2 ' .; by :P.1 inches, and drill a pair 
of holes at one end to clear No. 6 screws, for 
mounting the finished shield. (These are the 
same screws that hold the mount big strip for 
the antenna condenser, et, visible in Fig. 5-53.) 
At the opposite end of the poly sheet, drill a 
small hole in each corner, for securing the wire 
used in making the shield. Then wind No. 20 
tinned wire tightly around the poly sheet in 
the long direction, spacing it with string or 
more No. 20 wire. When the winding is finished 
and secured at le it h cm Is, un whit( the spacing 
string (or wire) and remove it. If you have ' lone 
the jolt carefully, you will llave: neat parallel 
lines of wire across the polystyrene, all equally 
spaced and all lying fairly flat. Then apply two 
or three heavy coats of Duco cement to one side 
only, allowing sufficient time between coats for 
the cement to harden thoroughly. When this 
has been done, it will be found an easy job to 
cut each wire on the uncemented side. Straight-

Muer 
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Cathode 
Follower 

651(5 6AN5 6C4 

4 3 4 3 

o o 
- +105 +180 6.3O. 

lia — 56,100 ohms. 
114 — 68( O olutes. 
Rs — 0.t megolun. 

RIO, 112, 1114 — 470 ohms. 
117., llit — 1700 ohms. 
R. — 0.18 inegohni. 
13 la — 82,000 ohms. 

All resistors I ;-watt unless otherwise specified. 
14, l /2, 1.a, 1.4, 1.s, 1.fi — See roil table. 
J1, J2 — Cable-conneetor sockets (Jones 5.101). 
RFCI — 750.5h. r.f. choke ( National 11-33). 
XTAI.— See coil table. 

6J6 

4 

en out the wires so that you now have a flat 
sheet of parallel wires, and trim off the wires 
at the mounting holes end of the sheet along a 
line inside the mounting Intles. Figs. 5-55 and 
5-56 show what this looks like. ‘Vhen trim-
ming these wires, be careful to see that no wire 
is left touching an adjacent one. Trim the wire 
ends at the other end to about inch from the 
polyst 'rent. Clamp the shield in a vise, be-
tween two pieces of wood, and wrap each wire 
end around a piece of No. 12 tinned copper, 
as shown in Fig. 5-51i. With a good hot iron, 
run a bead of solder along the bus, and your 
shield is finished. Work fast, anti no heat will 
reach the poly. The shield is mounted wit h the 
smoot h su le exposetl thrinigh the hole, and one 
end of the Yo. 12 bus is grounded at t he r.f. 
tube socket. 
The grid coil, L2, is supported by its leads 

and a couple of drops of Due° cement that 
hull its grounded end to the Faraday shield. 
The ant un na roe 1,1, is mounteil hy its loads on 
a piece of diameter polystyrene rod. 
The rod is supported by a shaft bushing. A 
small wire pin through t he rod at the back of 
the bushing aini a rubber grommet between 
the bushing and the control knob give a soft 
friction lock that holds the coupling in any 
position. Flexible leads run from the coil to 
C1 and the shield of the RG-59/ U coaxial line. 
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The r.f. plate coil, L3, is 

cemented to a small piece of 
polystyrene sheet that is 
supported by two small 
brackets. The neutralizing 
condenser, C6, is supported 
by one terminal of C7 and a 
stiff wire lead back to the 
grid pin on the tube socket. 
The coupling condenser, C,, 
is simply an insulated wire 
wrapped once around the 
lead from Cg to the grid of 
the mixer. It is brought out 
of the oscillator compart-
ment through a polystyrene 
or rubber grommet. 

After the usual last (. 19 ,c1: 
of the wiring, connect 
power supply and reinovi. 
the 6AK5 r.f. amplifier from 
its socket,. Listen in on pan. 
receiver at, the crystal fre-
quency, and if you don't 
find the crystal signal, ad-
just L6 until you do. Then 
set your receiver on the 
proper harmonic frequency 
and peak L6 for maximum signal, as indicated by 
your S-meter. Then back off on Lt, a lit t le, because 
there is no need to run the crystztl at maximum. 
Then tune your receiver — its antenna cir-

cuit must complete the cathode circuit of the 
6C4 follower — to about 3.8 Mc. and peak 
L4 for maximum noise. The adjustment is not 
sharp. If your receiver has an antenna trimmer, 
peak it too. Then plug in the 6AK5 r.f. amplifier 
and, after the tube has warmed up, rock C2 and 
C7. Through the hole in the bottom plate, use an 
alignment tool to adjust C6 a lit tle at a time, until 

Li 

COIL TABLE FOR THE CRYSTAL-CONTROLLED 
CONVERTER 

14 Mc. 21 Mc. 
23 t. No. 24 9 t. No. 24 

diam. 1-inch diam. 
(It & W 3012) (8 & W 3016) 

1,2 21 t. No. 24 
U.inch diant. 
(Et & W 3012) 

L3 38 t. No. 24 
inch diam., 

center-tapped 
(11 & W. 3012) 

L4 

LS 

Lo 

28 Mc; 
10 t. No. 20 
1-inch diam. 
(11 & W 3015) 

10 t. No. 20 9 t. No. 20 
1-inch diam. I-inch diam. 
(B & W 3015) (B & W 3015) 

22 t. No. 24 16 t. No. 24 
diam., U-inch diam., 

center-tapped center-tapped 
(B & W 3012) (B & W 3012) 

Slug-tuned coil (Cambridge Thermionic Corp. 1-Mc. LSM with 
200 turns removed) (Coils for L5 and 1,r, are wound on 3-inch di-
ameter Cambridge Thermionic Corp. LSM forms) 

No. 32 enam., 
close-wound, 

inch long 

22 turns No. 28 
enam., close-w  
center-tapped 

CI6 75 ggfd. 
Ctg 
Ata! 6000 kc. (triples) 

No. 32 enam., 
close-wound, 

inch long 

20 t. No. 20 
d, enam., elose.wound, 

center-tapped 

75 gad. 
22 ggfd. 
5875 kc. (triples) 

30 t. No. 28 
enam., 
close-wound 

20 t. No. 24 
enam., close-wound, 
center-tapped 

33 ggfd. 
22 gad. 
12,250 kc. (doubles) 

Fig_ 5-.55 — This view 
of the  lerside of the 
converter with the 
bot 6.oi cover re ed 
si  the l'aradas. 
shield at the hos.:r 
right. the - bield strad-
dling the r.f. amplifier 
socket ' tosser renter) 
and the - Itielded o-ed-
lator Illn top 

teri. .1 he neutralizing 
condei,er for the r.f. 
stage arliii ,ted 
through a hole in the 
lusttom cos pr. 

• 

you lose any unpleasant sounds with all settings 
(.. )1. C2 and 6, and the r.f. stage is neutralized. 
Connect the antenna, and peak C2 and C7 011 a 
signal. Do all of your tuning with your regular 
receiver, and only use C2 and C7 to peak the 
signal when you make a big frequency excursion. 
The adjustable antenna coupling provides some 
measure of gain control for the unit, but it is 
generally best to use fairly tight coupling and 
hold the gain down in your regular receiver. 
The antenna coupling is designed for low-im-
pedance input., and will work satisfactorily with 



CHAPTER 5 

To AC fine 
smtch 

124 
...eitieietwerne...irk.e.E.i.ireedzi.t.heet=No 12 Tinned 

No 20/ 
Tanned 

Polystyrene 

Sheet 

o 

o o 

o 

50- or 75-ohm line. If you use 300-ohm Twin-
Lead, it is better to leave the short length of 
coaxial line ungrounded and to use something 
other than a coaxial fitting for connecting the 
antenna. If your antenna uses 600-ohm line 
or tuned feeders, it is best to use a small an-
tenna tuning unit link-coupled through a 
length of IW-59/U to the converter input. 

There is nothing sacred about the crystal 
frequencies used, other than to be sure that 
they have no harmonics falling within the sig-
nal-frequeney range. For the crystals suggested 
in the coil table, the receiver tunes from 4 to 
3.6 to cover 14 to 14.4 Mc. (yes, it tunes back-
wards!), 3.375 to 3.825 for 21 to 21.45 Mc., 
and 3.5 to 5.2 for 28 to 29.7 Me. The 27- Me. 
amateur band is also covered by the 10-meter 
converter, simply by tuning your receiver be-
low 3.5 Mc. 
What first i.f. (tuning range of your receiver) 

you will use depends on the available crystals 
and the range your present receiver tunes. 
Using the second or third harmonic of the 
crystal should be satisfactory in practically 
every case. By careful selection of crystal fre-
quencies, you can arrange things so that the 

R, L, 

503 

2 

R2 

To El+ 
switch 

Fig. 5-56 — Constructional 
details of the Faraday shield, 
before soldiering the ends of 
the No. 20 wires to the No. 12 
w ire bus. 

band edges start at some even 100-kc. mark on 
your receiver, thus giving you frequency-
calibrated reception (with the necessary men-
tal correction factor). The accuracy of calibra-
tion of your receiver on the one tuning range, 
together %%ill' the accuracy of the crystal used 
in the oscillator portion of the converter, 
will determine the accuracy of calibration of 
the receiving system. 

Power Supply 

The circuit diagram of a suitable power 
supply for use with the converters is shown in 
Fig. 5-57, although any source of 6.3 volts a.c. 
and 105 and 180 volts d.c. will do. One set of 
connections runs to the converter in use, and 
the other goes to a small control box located 
on the operating table. If desired, the a.c. 
switch can be incorporated in the power sup-
ply, but the plate switch, in the 105-volt lead 
to the r.f. stage, should be handy to the oper-
ator. A switch can be provided for shifting the 
power from one converter to another. Since sep-
arate receiving antennas are generally used at 
these frequencies, the antennas do not requite 
switching. 

F'ig. .5-57 — A power supply for the crystal-controlled 
eon% erter. 

C.1, C2 — 8-mfd. 150-N Mt electrolytic. 
it I — 1500 ohms, 10 watt,. 
IR2 — 10,000 ohms. 10 watts. 
1.1 — 16-hv. 50-ma. choke (Stancor C-1003). 
Ti — 240:0-2141 at 40 ma., 5 and 6.3 v. (Stancor 

P-6297). 
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An All-Purpose Super-Selective I.F. Amplifier 

The amplifier shown in Figs. 5-58 and 5-60 is 
designed to conned to any receiver at the grid 
of the first if. tube, to give sujprior selectivity 
for either 'phone or c.w. reception. The signais 
at 455 ke. are heterodyned to 50 ke. and filtered 
through either or both of two selective amplifiers. 
One of the amplifiers uses 11 high-Q tuned circuits 
to give a selectivity characteristic that is about 
350 cycles wide at 6 db. down and 1300 cycles 
wide at 60 db. clown. The other amplifier uses 9 
"stagger-tuned" circuits that give a 2300-cycle 
bandwidth at 6 db. down and 5 ke. at 60 db. 
down. The broader amplifier has its tuning ad-
justed so that it is centered about 1700 cycles 
higher in frequency than the sharp one. Thus, 
when a 'phone carrier is tuned to fall in the center 
of the sharp amplifier, one sideband falls in the 
broader amplifier. The outputs of the amplifiers 
are fed to a common detector, and the relative 
amplit ode of carrier and sideband at the detector 
cati be changed by controlling the gains through 
the two amplifiers. By emphasizing the carrier 
at the detector, " exalted-carrier" reception is 
obtained, which has the advantage that fewer 
distortion products are generated on a signal in 
the presence of QRNI. For e.w. reeeption, only 
the sharp amplifier is used, while the reception of 
SSB signals requires only the broad amplifier. 
The complete circuit of the amplifier is shown 

in Fig. 5-59. Receiver output at -155 ke., at as 
low a level as possible (to avoid overloading), 
is fed into the 611E6 converter stage, where a 
erYstal-controlled oscillator is selected either 50 
kt:. higher or lower, to use t lie selectable-sideband 
principle.' A third position of the switch. SI, 
permits running both crystals at once, for align-
ment purposes, as described later. 
The two i.f, amplifiers follow the converter, 

and two 6B.I6 variable-µ pentodes are used in 
each channel. There are isolation resistors and 
condensers in each power lead to prevent any 

over-all feed-back.  
1 McLaughlin. " Exit Heterodyne QRM," QST, Oct., 1947. 

Fig. 5-58 — The super-selective i.f, am-
plifier uses two channels in parallel — 
a sharp one for e.m. or for phone car-
rier, and a broad one for a 'phone 
sideband. 

'I'he sharp i.f. is the strip at the rear 
of the chassis, and the broad one is just 
in front of it. 'I'he two tubes at the 
right-hand end of the broad amplifier 
are the -product detector.- The h.f.o. 
can is at the front right, next to the 
tube, and the near.by tube and ran 
are in the - lanai-metering circuit. The 
string of holes are clearance holes for 
adjusting the broad i.f. strip  rti 
circuits. 
The controls, from left to right, are 

sideband selector switch, audio vol-
ume, broad i.f. gain, sharp i.f, gain, 
function switch, and b.f.o. pitch con-
trol. 
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The resie:I. ,r, ween gain control, kn., 
and ground, is used to bring the relative maxi-
mum gains of the t wit channels to aileroximate 
equality. The gain of the broad channel will 
vary with the degree of stagger-tuning, so Rso 
should be inserted only after the alignment pro-
cedure has been completed. Its value, of course, 
may work out differently than that shown. 
The detector ust's two I 2.‘ U7 dual triodes in 

in the ' product dot uct or' circuit. The advantage 
of the circuit is that it minimizes intermodulation 
at the detector and doesn't require a leig b.f.o. 
signal for exalted-carrier reception. A signal-level 
indicator circuit connected to the sharp amplifier 
doesn't indicate b.f.o. voltage, so the signal-
level meter reads the same with 1).1.0. on or off. 
The signal-level circuit, labeled " A.V.C.-

Reet." in Fig. 5-59, consists of a cathode follower 
driving a diode. In three positions of Si, the recti-
fied current simply works the meter, but an 
a.v.c, voltage is applied throughout the amplifier 
in the fourth position. 
The tuning meter is important. It permits the 

operator to center the carrier in the sharp ampli-
fier, and also warns him when the amplifier is 
in danger of overloading. Overloading will tend 
to nullify t he advantages of high selectivity, so it is 
important that the unit always be operated below 
this point. The manual gain coietrols will take 
care of about 60-db. range. 
The series trap, Iffe5C4,. is tuned to 50 ke. 

to by-pass the r. f. and prevent its getting on the 
audio grids. A choice of two low-impedance out-
puts is provided, for phones and loudspeaker. 

Construction 

There are only a few departures from conven-
tional construction technique in this amplifier. 
Nliniature tubes were used only lo provide room 
for the tuned circuits -- on a larger chassis or 
with a different layout, metal tubes should be 
perfectly satisfactory. However, no attempt 
should be made to save space by mounting the 
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tuned circuits in anything but a straight line. 
The shield cans do not provide complete magnetic 
shielding at 50 ke., and it is possible to couple 
right through the thin aluminum. 
The i.f. strips proper are built on aluminum 

channels. All power leads are brought out 
through shielded wires, to minimize coupling via 
the common power circuits. Using the shielded 
wire is also an aid to construction, because the 
shields are soldered to lugs at points near the 
tube sockets, and the isolating resistors are then 
mounted between tube socket (or eoil terminal 
and the exposed ends of the shielded wires. The 
Hallicrafters coils leave no room for the associated 
shunt condensers, so they are connected directly 
across the terminals. 
The RCA coils, used in the broad amplifier, 

must be reworked slightly before using. As sup-
plied, the terminals come out the top of the 
can, so the coil must be removed by untwisting 

CONVERTER 
6BE6 

6 
$ DEBAND 
SELECTOR 

+105 +250 

Fig. 5-59 - iring diagram of the 50-kc. selective 
amplifier. 
- 0.005-afd. ceramic. 

C2, Co, CII, C12, C13. C18, C19, C20, C2I, C213, C30, C31, 
C32, C36, C37, C38, C39, C42, C44, C45, C59 - 0.1-
pfd. 400-%olt. 

Cs, Cs, CIO, C17, C29, C35, C43, C52- 0.01-pfd. ceramic. 
C4 - 47-apfd. ceramic. 
C7, C8, C9, C14, C15, C18, C22, C23, C24 - 2.4-gafd. mica 

(two 4.7-aafd. in series if lower value not avail-
able). 

Cs a - 100-aiifd. ceramic. 
C27, C28, C33, C34, C40, C41 - 4.7-pmfd. mica. 
C413, Cal - 16-pfd. 450-volt electrolytic. 
C47 - 0.002-afd. ceramic. 
C.48 - 250-970-Had. adjustable mica (El Mena) 306). 
C.49 - 0.001-pfd. ceramic. 

four small tabs. The coil to be used is connected 
to Terminals A and F, and another coil connected 
to Terminals C and D should have its leads 
snipped. The 390-Aufd. silver-mica condenser 
can then he soldered to Terminals A and F 
before the assembly is replaced in the shield can. 
The b.f.o. coil, LI, uses both coils of the RCA 

205R1 ronnurt cd in series. This is done by lifting 
the single win. from Terminal C and connecting 
it to Terminal F. Externally, Terminals A and D 
are Used. 
The main chassis is aluminum, 12 by 17 by 2 

inches, and the front panel is a standard relay-
rack affair 7 inches high. The shielded leads from 
the i.f. strips proper are brought out through 
holes to tie points conveniently located away 
from signal circuits. Two short pieces of RC-59/U 
coaxial cable are used - one from the input 
jack at the rear of the chassis up to the 6BE6 
grids, and the other from the output of the sharp 

IF 

C50, C53- 10-pfd. 50-volt electrolytic. 
C54 - ,170-upfd. ceramic. 
C53 - 35-ppfd. midget variable. 
C58 - 220-551d. sils cr mica. 
C57, Cas - 3300-pyfil. silver mica. 
C80, C61 - :20.Add. oit electrolytic. 
COS - 10-Ppfd. ceramic. 
RI - 0.15 megohin. 
R2, R9, 1113, R19, 1123, R32, 1140,- 0.1 megohm. 

Ra - 0.12 megohm. 
R4, R8 - 330 ohms. 
R7, Rs - 2700 ohms. 
RIO, R14, Rao, it2+, R48 - 100 ohms. 
Rii, R12, R15, R18, 1121, R22, 1127, 112S - 10,000 011MS. 
RIT, 1128 - 2000-ohm wire-wound potentiometer. 
Ris, 1125 - 27,000 ohms, 1 watt. 
R29 - 1500 ohms. 
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i.f. amplifier to the grid of the 12A1.17 ave.-
rectifier. The input and output signal leads from 
the i.f. amplifiers are fed through Millen 32150 
ceramic bushings, where the projecting wire 
serves as a tie point. The detector bias control, 
R38, is mounted at the rear of the chassis, since 
it need not be touched after the original adjust-
ment for minimum detection in a single channel, 
except when a 12M77 detector tube is replaced. 

Alignment 

The best point in a receiver to take off the 
signal for this if. amplifier is at the grid of the 
first i.f. stage in the receiver. If the receiver has 
a crystal filter between mixer and i.f. stage, it 
won't be used normally. The crystal filter can 
be used, but it requires getting two oscillator 
crystals for the sharp i.f, amplifier of just the 
right frequency. 
The frequency to which the selective amplifier 

I. F. 
68J6 

027 
50 SC 
C 

LC 4 LC, 
r - - 

COI 

C. 

'C:105 +250 
GA,A 

a'05 
• R. 

50-53 Itc 
_ R,0 C. 

+250 

- 

C 

Ras — 1000 ohms. 
1131— 1.5 inegohms. 
1433— 330 ohms, I watt. 
1134 — 1500 ohms, l watt. 
1135 — 4700 011111s. 
R36 — 6800 ohms. 
Its; — 12,000 ohms. 
R3s — 5000-ohni wire-m d potentiometer. 
1139, 1444 — 47,000 ohms. 
1141 — 0.5-megolim volume control. 
1142 — 2200 ohms. 
843, B45 — 0.22 megohm. 
It4 — 450 ohms, I watt. 
114; — 47,000 ohms, 1 watt. 
li40 — 68,000 ohms, 1 watt. 
liso — 270 ohms; adjust to balance gains. 

All resistors ! j watt unless specified otherwise. 
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is aligned is determined by the frequencies of titi -
two crystals in the 6BE6 converters. Assume 
that the nominal if. frequency of the receiver 
is 455 kc., and that the available crystals are 408 
and 505 kc. The sharp i.f, will then be aligned 
to half the difference, or 48.5 ke. (408 -I- 48.5), 
but the fart that this is 1.5 ke. higher than the 
nominal 455 is nothing to worry about. 

Set a signal generator or test oscillator to half 
the crystal-oscillator difference (e.g., 48.5 ke.) 
and align the sharp channel by working back 
from the detector, introducing the signal first 
at the grid of the second 6BJ6, and aligning 
the following circuits, and then introducing the 
signal at the first 613.16 and then the 613E6 mixer. 
The final touching up of the sharp amplifier is 
done by swit citing S1 to the point where both 
6BE6s are operative and tuning a signal at 455 
ke. until it " zero beats" with itself, as heard in 
the output. The sharp circuits are then given a fi-

DETECTOR 
t2Au7 

AUDIO AMPLIFIER 
voLumE 12A 57 605 

.00 CS2 

C 

v• 020 

555 8A 

A vC 
Sze 

• 

Li — 50-mh. slug-tuned coil (RCA 20581 Horizontal 
Ose. Coil. See text). 

LC1 through LC.. — 25-mh. slug-tuned coil shunted by 
390-gad. silver mica condenser. Q = 100 at 
50 Le. ( Ilallirrafters 508489). 

LCI2 through 1.C21 - Y.mh. slug-tuned coil shunted 
390-Pmfd. -. h.... mica condenser. Q = 60 at 

50 Le. ( RCN 207,1i1 horizontal Osc. Coil modi-
fied. See text h 

RFC., liFC2 — 750-•11. r.f. choke (National R-33). 
RFC2, liFC4 — 10-mh. r.f. choke (National R-504). 
RFCs — 25-mh. r.f. choke (Millen 34225). 
MA — 0.2-ma. milliammeter. 
St — Two-circuit 3-position wafer switch. 
S2 — Three-circuit 4-position wafer switch. 
T1 — 8-watt output transformer ( Merit A-2901). 
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nal peaking, as indicated by the tuning meter. 
During alignment procedures, always work with 
a minimum signal and with the gain control, 
R17, advanced to maximum gain. 
The b.f.o. is aligned by switching it on, setting 

C55 to the center of its range, and adjusting the 
slug in LI to zero beat on a signal peaked through 
the sharp amplifier. 
The broad if. amplifier is " stagger-tuned," 

which means that alternate circuits are tuned 
to the saine frequency. First, peak circuits LC12 
through LC20 to a slightly higher ( 1.5 ke.) fre-
quency than the sharp channel. While doing 
this, the lead from the meter circuit can be 
transferred from Leij to LC20, and the signal 
introduced to the grid of a 66E6. Then set the 
signal source to a frequency 750 cycles higher 
than the frequency at which the sharp channel 
was peaked, and peak circuits LCI2, Wm, Lem, 
Leis and LC20, as indicated by the meter. Then 
set the signal source to a frequency 2750 cycles 
higher than the sharp-channel frequency, and 
peak circuits LC13, Lets, LC17 and LC19. Now, 
varying the frequency of t he signal source, the 
response indicated by the meter will show a 
response that has two unequal peaks. The peaks 
call be equalized, or nearly so, by readjust ment of 
LC12. The lead from the meter circuit can now 
be returned to Leo. 

If an audio out put meter is available, get a final 
check on the response of the broad amplifier by 
setting the b.f.°. to the midfrequency of the 
sharp amplifier and, with the sharp amplifier 
turned down, swing the input signal across the 
range and watch the audio response. It should be 
fairly flat from about 500 to 2700 cycles or so, 
dropping olT rapidly beyond t hat. 

Without access to a signal generator, it may be 
necessary to rig up a 50- or a 150-kc. oscillator 
with good stability and a slow tuning rate. 

CHAPTER 5 

Operation 

The operator has his choice of several types of 
operation with this amplifier. For higl ly-selective 
c.w. reception, use switch 82 in the " C.W." 
position, with the b.f.o. offset to give the favorite 
beat-note frequency. Signals will drop in and out 
rapidly as one tunes across a band, and a slow 
tuning rate is highly desirable. For less critical 
reception of c.w., or for net operation, switch to 
"SSB" and use the broad i.f, characteristic, 
reducing the gain in the sharp channel to a 
minimum. The same settings maintain for the 
reception of SSB 'phone signals — the b.f.o. is 
set to the midfrequeney of the sharp channel 
and all tuning is done with the main tuning dial 
of the receiver. 

Regular AM 'phone signals are received with 
52 set either to " MAN." or " ANC.," depend-
ing upon the QRM conditions. In either ease, 
the carrier is peaked on the meter for accurate 
tuning, and the two gain controls are set for 
best listening. In " MAN." operation this will 
usually mean riding gain on the sharp channel 
so that the meter never goes beyond half-scale, 
and with the broad-amplifier gain control backed 
off proportionately. In " A.V.C.," both controls 
can be run wide open, but as one tunes across 
some signals the set may overload until the tun-
ing is centered on the desired carrier. A hetero-
dyne on one sideband will be eliminated by 
switching Si. " Practice" is the only advice one 
can give on handling the if. amplifier to its 
greatest capabilities, always remembering that 
you have the choice of two sidebands to listen to 
plus the ability to vary the relative amplitudes 
of carrier and sidebands. 

As in all selective amplifiers, overload is the 
big enemy, and it is generally best to run the 
audio volume at or near maximum and the if. 
gain at the lowest usable value. 

• 

Fig. 5-60 — This 
view underneath 
the chassis shows 
the two oscillator 
erv,tals at the 
lower right, Most 
of the shielded 
leads arc power 
leads to the i.f. 
strips, although 
some of the low-
level audio leads 
are also run in 
shielded wire. 

• 



CHAPTER 6 

High-Frequency 

Transmitters 
The principle requirements to be met in c.w. 

transmitters for the amateur bands between 1.8 
and Mc. are that the frequency must be as 
stable as good practice permits, the output signal 
must be free from modulation and that harmonics 
and other spurious emissions must be eliminated 
or reduced to the point where they do not cause 
interference to other stations. 
The over-all design depends primarily upon the 

bands in which operation is desired, and the 
power output. A simple oscillator with satisfac-
tory frequency stability may be used as a trans-
mitter at the lower frequencies, as indicated in 
Fig. 6-1A, but the power output obtainable is 
small. As a general rule, the output of the oscil-
lator is fed into one or more amplifiers to bring 
the power fed to the antenna up to the desired 
level, as shown in B. 
An amplifier whose output frequency is the 

same as the input frequency is called a straight 
amplifier. If such a straight amplifier is placed 
in an intermediate position between two other 
transmitter stages it is sometimes called a 
buffer amplifier. 

Because it becomes increasingly difficult to 
maintain oscillator frequency stability as the 
frequency is increased, it is most usual prac-
tice in working at the higher frequencies to 
operate the oscillator at a low frequency and 
follow it with one or more frequency multi-
pliers as required to arrive at the desired out-
put frequency. A frequency multiplier is an 
amplifier that delivers output at a multiple 
of the exciting frequency. A doubler is a mul-
tiplier that gives output at twice the exciting 
frequency; a tripler multiplies the exciting fre-
quency by three, etc. From the viewpoint of any 
particular stage in a transmitter, the preceding 
stage is its driver. 

As a general rule, frequency multipliers should 
not be used to feed the antenna system directly, 
but should feed a straight amplifier which, in 
turn, feeds the antenna system, as shown in 
Fig. 1-C, D and E. As the diagrams indicate, it is 
often possible to operate more than one stage 
from a single power supply. 
Good frequency stability is most easily ob-

tained through the use of a crystal-controlled 
oscillator, although a different crystal is needed 
for each frequency desired (or multiples of that 
frequency). A self-controlled oscillator or VFO 
(variable-frequency oscillator) may be tuned to 
any frequency with a dial in the manner of a 

receiver, but requires great care in design and 
construction if its stability is to compare with 
that of a crystal oscillator. 

In all types of transmitter stages, screen-grid 
tubes have the advantage over triodes that they 
require less driving power. With a lower-power 
exciter, the problem of harmonic reduction is 
made easier. The most satisfactory oscillator 
circuits require the use of a screen-grid tube. 

(A) 

OSC DBLR 

PWR 

(B) 

(c) 

OSC DBLR 

PWR 

OS C   

PWR 

(D) 

AMP 

PWR 

AMP AMP 

PWR 

DBLR DBLR —1 AMP H 

,  

PWR PWR 

(E) 
Fig. 6.1— Block diagrams showing typical combina-
tions of oscillator and amplifiers and power-supply 
arrangements for transmitters. A wide selection is pos-
sible, depending upon the number of bands in which 
operation is desired and the power output. 
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Oscillators 

Crystal Oscillators 

The frequency of a crystal-controlled oscillator 
is held constant to a high degree of accuracy by 
the use of a quartz crystal. The frequency de-
pends almost entirely on the dimensions of the 
crystal (essentially its thickness); other circuit 
values have comparatively negligible effect. 
However, the power obtainable is limited by the 
heat the crystal will stand without fracturing. 
The amount of heating is dependent upon the 
r.f. crystal current which, in turn, is a function 
of the amount of feed-back required to provide 
proper excitation. Crystal heating short of the 
danger point results in frequency drift to an 
extent depending upon the way the crystal is 
cut. Excitation should always be adjusted to the 
minimum necessary for proper operation. 

Crystal-Oscillator Circuits 

Fig. 6-2 shows three commonly-used crystal-
oscillator circuits. All are of the electron-coupled 
type in which the screen of the tube serves as 
the plate of a triode oscillator. A separate output 
tank circuit is used in the actual plate circuit. 
Because of the shielding effect of the screen and 
suppressor grids, the coupling between the two 
circuits is comparatively small and exists prin-
cipally through the common electron stream 
within the tube. Thus when the load is coupled 
to the output circuit, its effect will be much less 
than if it were coupled directly to the frequency-
generating circuit. 

In the Tri-tet circuit of A, the screen is the 
grounded "plate" of a t.g.t.p. triode oscillator, 
the crystal taking the place of the coil-and-
condenser grid tank. Excitation is controlled 
by adjustment of the tank L ICI which should 
have a low LIC ratio and be tuned considerably 
to the high-frequency side of the crystal fre-
quency (approximately 5 Mc. for a 3.5-Mc. 
crystal) to prevent over-excitation and high 
crystal current. Once the proper adjustment for 
average crystals has been found, C1 may be 
replaced with a fixed condenser of equal value. 

In the grid-plate circuit of Fig. 6-2B, the os-
cillating circuit is the equivalent of a grounded-
plate CoIpitts. Excitation is adjusted by chang-
ing the ratio of the two capacitances, C6 and C7. 
The oscillating circuit of the modified Pierce 
oscillator in C is also basically a Colpitts, this 
time with a grounded cathode. The grid-cathode 
and screen-cathode capacitances serve the same 
purpose as the two condensers connected across 
the circuit in B. To obtain proper adjustment of 
excitation, the screen-cathode capacitance is 
augmented by Cg which may be adjusted for 
optimum excitation. 

In these circuits, output at multiples of the 
crystal frequency may be obtained by tuning 
the plate tank circuit to the desired harmonic, 
the output obtainable dropping off, of course, at 
the higher harmonics. 

If the behavior of these circuits is to be pre-

dieted with any degree of accuracy, the tube used 
must be one having good screening. From all 
considerations, the 6AG7 is recommended. With 
a well-screened tube and proper excitation ad-
justment, the output plate tuning characteristic 

C5 

Htr. (A) 
Tr' - Tet 

— +150 to 300 

C4 

Hit (C) — 4-150 to 300 
Modified Pierce 

Fig. 6-2 — Commonly-used crystal-controlled oscillator 
circuits. Values are those recommended for a UAG7 
tube. (See reference in text for other tubes.) 
Ci — Feed-back-control condenser — 3.5- Mc. crystals 

— approx. 220-µµfd. mica. — 7-Mc. crystals — 
approx. 150-ppfd. mica. 

C2 — Output tank  lenser — 100-ppfd. variable for 
single-band tank: 250-ppfd. variable for two-
band tank (see text). 

Ca — Screen by-pass — 0.001-pfd. disk ceramic. 
C4 — Plate by-pass — 0.00 I-pfd. disk ceramic. 
C5 — Output coupling condenser — 50 to 100-ppfd. 

mica. 
Co — Excitation-control condenser — approx. 10-ppfd. 

C7 — Excitation-control condenser — 220-ppfd. mica. 
Cg — 1).c. blocking condenser — 0.001-pfd. mica. 
Cg — Excitation-control condenser — 220-ppfd. mica. 
Cis — Heater by-pass — 0.001-pfd. disk ceramic. 
Ri — Grid leak — 0.1 megolun, watt. 
R2 — Screen resistor — 47,000 ohms, 1 watt (see text 

if oscillator is to be keyed). 
Li — Excitation-control inductance — 3.5-Mc. crystals 

— approx. 4 µ11.; 7-Mc. crystals — approx. 2 ph. 
1.4 — Output-circuit coil — single-band: — 3.5 Mc. — 

17 ph.; 7 Mc. — 8 ph.; 14 Mc. — 2.5 ph.; 28 Mc. 
— 1 ph. Two-band operation: 3.5 & 7 Mc. — 
7.5 ph.; 7 & li Mc. — 2.5 ph. (See text.) 

RECI — 2.5-mis. 50-ma. r.f. choke. 
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at the crystal fundamental, as well as at har-
monics, will be similar to that shown in Fig. 
6-3 and will cause less than 25 cycles change in 
frequency. Crystal current, under these condi-
tions, should not be excessive. If the oscillator 
is to be keyed, best characteristics will be ob-
tained by omitting the screen resistor, R2, and 
connecting the screen lead to a regulated source 
of 75 to 150 volta. 

If a tube with poorer screening is used, the 
effect of tuning the output circuit will not be 
greatly different at harmonics of the crystal 
frequency, but the operation at the crystal 
fundamental may be altered drastically. When 
the output circuit is tuned near resonance, oscil-
lation may stop entirely, necessitating a critical 
adjustment to one side of resonance for good 
keying characteristics and to prevent a marked 
rise in crystal current. Under these conditions, 
the frequency may vary as much as 200 cycles. 

Crystal current may be estimated by observing 
the relative brilliance of a 60-ma. dial lamp 
connected in series with the crystal. For stable 
operation, crystal current should be limited as 
much as possible and satisfactory output should 
be obtained with a current of 40 ma. or less. If 
the oscillator is to be keyed, the lamp should be 
removed to prevent chirps. 

Fig. 6-3 — Plate tuning 
characteristic of electron- iZ 
coupled circuits with a % 
well-screened tube. The 
plate-current dip at res- 16„. 
onance broadens and is 3 
less pronounced when the 
circuit is loaded. 

ri/N/NG CAPACITY 

For best harmonic output a tube with high 
mutual conductance should be used. This is 
especially important in the circuit of Fig. 6-2C. 
The 6AG7 also meets this requirement. A low-C 
output tank circuit is desirable, especially for 
harmonic output. However, if a tank condenser 
large enough to cover two adjacent bands with 
the same coil is used, the output at the crystal 
fundamental and at the harmonic will be ap-
proximately the same, since the L/C ratio will 
be high when the circuit is tuned to the harmonic, 
where low (' is of the greater importance. 

For best performance with a 6AG7 tube, the 
values given under Fig. 6-2 should be followed 
closely. (For a discussion of values for other 
tubes, see QST for March, 1950, page 28.) 

Quartz- Crystal Characteristics 

While crystals are produced for frequencies as 
high as 50 Mc., by far the majority of those used 
in amateur high-frequency transmitters are cut 
for the 3.5- and 7-Mc. bands. With suitable 
frequency-multiplying stages, this permits the 
use of a single crystal for operation in the har-
monically-related parts of higher-frequency 
bands, as well as at the crystal fundamental fre-
quency. As an example, a 3501-kc. crystal with 
appropriate multipliers may be used for the fre-
quencies of 7002 kc., 14,004 kc., 28,008 kc. etc. 
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The characteristics of a crystal — particularly 

in the thickness-frequency and temperature-
frequency relationships — depend upon the plane 
in which the crystal plate is cut from the natural 
quartz block. While other cuts are useful in cer-
tain applications, those for amateur transmitters 
invariably are of either the " AT" or " BT" types. 
Their respective temperature characteristics are 
as follows: 

AT-cut — + 10 cycles per Mc. per degree at 0 
degrees C. 

— O cycles per Mc. per degree at 45 
degrees C. 

— + 20 cycles per Mc. per degree at 85 
degrees C. 

BT-cut — — 10 cycles per Mc. per degree at 0 
degrees C. 

— O cycles per Mc. per degree at 30 
degrees C. 

— — 20 cycles per Mc. per degree at 70 
degrees C. 

The relationship between the thickness of a 
crystal and its frequency is given by: 

114°' = e—mk.1 

where /M .. is the frequency in megacycles, t 
the thickness in thousandths of an inch and k 
is a constant of the crystal cut approximately 
as follows: 

AT-cut — 68.2 
BT-cut — 100.78 

An AT crystal usually is more active than 
one of the BT-cut type, but since it is thinner 
for the same frequency, there is greater danger 
of fracture in operation. Therefore, AT-eut 
crystals usually are used for frequencies below 
5 Mc., while the BT-cut is used for crystals 
whose frequencies lie above 5 Mc., although 
this is not true in all cases. 

While crystals are sometimes cut for funda-
mental frequencies as high as 14 Mc., most 
crystals used by amateurs for frequencies 
higher than the 7-Mc. band are "harmonic-
type" crystals; that is, the thickness corre-
sponds to a frequency of one-third (sometimes 
one-fifth) of the normal operating frequency. 
The other dimensions of the crystal are propor-
tioned so that the mechanical vibration is at 
three times (or five times) the fundamental 
frequency. 

Regrinding Crystals 

Because crystals near any desired frequency 
can be purchased reasonably these days, it is not 
profitable for the amateur to cut and grind his 
own blanks. However, frequently it may be de-
sirable to make a limited increase in the frequency 
of a crystal at hand. Indispensable requirements 
are a piece of plate glass, a good micrometer, sup-
plies of Size 800 aluminum oxide for light grind-
ing, and Size 400 silicon carbide for coarse grind-
ing, and a test oscillator. A test oscillator of the 
regenerative type, such as the one shown in Fig. 
6-2B, is preferred. The oscillator should be 
equipped with a grid-current milliammeter, 
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preferably one with a 0.5-ma. scale. The grid 
current should be checked first with the crystal 
to be reground, and preferably with several 
others known to have satisfactory activity, to 
obtain an average of the grid current to be ex-
pected for normal crystal activity. 
The most important factor in respect to ac-

tivity is that of maintaining the proper surface 
contour. When properly ground, the crystal is 
thicker in the center than at the edges. The 
difference in thickness should vary from about 
0.001 inch for a 3.5-Mc. crystal inch square 
to about 0.00015 inch for a 7-Mc. crystal. 
The grinding compound should be sprinkled 

on the glass plate and moistened with water to 
make a very thin paste. One side of the crystal 
should be marked at a corner with a pencil and 
all of the grinding should be done on the opposite 
side. The crystal should be swirled around in 
figure-eight paths. The path should be changed 
frequently to another part of the glass plate so 
that the plate will be worn evenly. Light pressure 
with the finger on a corner of the crystal should 
be used. Make three or four "8's" to each of the 
corners in succession and then repeat. Use lighter 
pressure and make fewer "8's" as the desired 
frequency is approached. 

If a calibrated receiver is available, it can be 
used to keep a continuous check on the frequency 
as the crystal is being ground. Place a sheet of 
tinfoil or metal under the plate glass and connect 
it to the antenna terminal of the receiver. Then as 
the crystal is being ground, it will produce a hiss 
in the receiver that peaks close to the crystal 
frequency. To be safe, however, it is advisable to 
limit the use of this method of checking to within 
20 kc. of the desired frequency at 7 Mc. Then if 
it is found that the activity is not up to normal, 
the contour can be corrected without overshoot-
ing the desired frequency. 
The crystal should be thoroughly cleaned of 

grinding compound and other matter before 
using the micrometer or checking in the test 
oscillator, of course. Use soap, warm water and a 
tooth brush, and dry with a hiltless cloth or 
tissue. handle the crystal by the edges only after 
cleaning. 

Lowering Frequency 

If a crystal has accidentally been ground down 
too far, or if it is desired to lower slightly the 
frequency of any other crystal, this can often be 
done by loading the crystal. Loading, however, 
may reduce the crystal activity if it is carried too 
far. With a good active crystal, it should be pos-
sible to decrease the frequency as much as one 
per cent — 35 kc. for a 3500-kc. crystal. Cold 
soft solder rubbed into the crystal surface is suit-
able. The solder should be applied gradually 
while the frequency and activity are checked. 
Start off by marking a circle about 3 inch in 
diameter at the center of the crystal and use this 
as a boundary for additional applications of the 
solder. The loading should be applied to both 
surfaces as equally as possible. 

CHAPTER 6 

• VARIABLE-FREQUENCY 
OSCILLATORS 

The frequency of a VFO depends entirely on 
the values of inductance and capacitance in the 
circuit. Therefore, it is necessary to take careful 
steps to minimize changes in these values not 
under the control of the operator. As examples, 
even the minute changes of dimensions with 
temperature, particularly those of the coil, may 
result in a slow but noticeable change in frequency 
called drift. The effective input capacitance of 
the oscillator tube, which must be connected 
across the circuit, changes with variations in 
electrode voltages. This, in turn, causes a change 
in the frequency of the oscillator. To make use 
of the power from the oscillator, a load, usually 
in the form of an amplifier, must be coapled to 
the oscillator and variations in the load may re-
flect on the frequency. Very slight mechanical 
movement of components may result in a shift in 
frequency, and vibration can cause undesirable 
modulation. 

VFO Circuits 

Fig. 6-4 shows the most commonly used cir-
cuits. They are designed to minimize the effects 
mentioned above. All are of the electron-coupled 
type discussed in connection with crystal oscil-
lators. 
The oscillating circuits in Figs. 6-4A and B 

are the Hartley type; those in C and D are Col-
pitts circuits. There is little choice between the 
circuits of A and C. In both, all of the effects 
mentioned, except changes in inductance, are 
minimized by the use of a high-Q tank circuit 
obtained through the use of large tank capaci-
tances. Any uncontrolled changes in capacitance 
thus become a very small percentage of the total 
circuit capacitance. 

In the series-tuned Colpitts circuit of Fig. 
6-4D (sometimes called the Clapp circuit), a 
high-Q circuit is obtained in a different manner. 
The tube is tapped across only a small portion 
of the oscillating tank circuit, resulting in very 
loose coupling between tube and circuit. The 
taps are provided by a series of three condensers 
across the coil. In addition, the tube capacitances 
are shunted by large condensers, so the effects 
of the tube — changes in electrode voltages and 
loading — are still further reduced. ln contrast 
to the preceding circuits, the resulting tank cir-
cuit has a high L/C ratio and therefore the tank 
current is much lower than in the circuits using 
high-C tanks. As a result, it will usually be found 
that, other things being equal, drift will be less 
with the low-C circuit. 

For best stability, the ratio of C11 -F C12 to 
C13 or C14 (which are usually equal) should be 
as high as possible without stopping oscillation. 
The permissible ratio will be higher the higher 
the Q of the coil and the mutual conductance of 
the tube. If the circuit does not oscillate over the 
desired range, a coil of higher Q must be used or 
the capacitance of C13 and C14 reduced. 
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Load Isolation 

In spite of the precautions already discussed, 
the tuning of the output plate circuit will cause a 
noticeable change in frequency, particularly in 
the region around resonance. This effect can be 
reduced considerably by designing the oscillator 
for half the desired frequency and doubling fre-
quency in the output circuit, although there will 
be some sacrifice in output. 

It is desirable, although not a strict necessity 
if detuning is recognized and taken into account, 
to approach as closely as possible the condition 
where the adjustment of tuning controls in the 
transmitter, beyond the VFO frequency control, 
will have negligible effect on the frequency. This 
is done by using a non-resonant circuit in the 
output of the oscillator, as shown in Fig. 6-4B. 
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ca 
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Fig. 6-4 -- VFO circuits. Approximate values for 3.5 Mc. 
capacitance and inductance, all tuning capacitances and 
cut in half. 

Ci — Oscillator bandspread tuning condenser — 150-
pfd. variable. 

C2 — Output-circuit tank condenser — 100-ppfd. vari-
able. 

Cg — Oscillator tank condenser — 500-ppfd. zero-temp. 
mica. 

C4 — Grid coupling condenser — 100-ppfd. zero-temp. 
mica. 

C5 — Heater by-pass — 0.001-pfd. disk ceramic. 
Cs — Screen by-pass — 0.001-pfd. disk ceramic. 
Cr — Plate by-pass-- 0.001-pfd. disk ceramic. 
CS — Output coupling condenser — 50 to 100- pfd. 

mica. 
C. — Oscillator tank condenser — 680-pfd. zero-temp. 

mica. 
Cto — Oscillator tank condenser — 0.0022.pfd. zero. 
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This type of output circuit may, of course, be 
substituted in the other oscillators shown. Power 
output is considerably reduced by this method 
and it is usually necessary to follow the oscillator 
with two or three amplifiers using the same type 
of output circuit, as shown in Fig. 6-5, both to 
bring the power level up and to provide the de-
sired isolation. This arrangement gives funda-
mental output only. A voltage-regulated supply 
is recommended. 

Chirp 

In all of the circuits shown there will be some 
change of frequency with changes in screen and 
plate voltages, and the use of regulated voltages 
for both usually is necessary. One of the most 
serious results of voltage instability occurs if 

Ht,. *7510150 — .15010 300 

(3) Hartley- Non-resonant Output 

V2 

15 

o 
Hit: +7510150 — +150to 300 

Ce 

Output 

L2 

(D) Series-Tuned Colpitts 

are given below. For 1.75 Mc., all tank-circuit values of 
C13 and CH should be doubled; for 7 Me., they should be 

temp. mica. 
Cn — Oscillator bandspread padder — 47-ppfd. zero-

temp. mica. 
Ct2 — Oscillator handspread tuning condenser — 25-

ppfd. variable. 
C13, C14 — Tube-coupling condenser — 0.001-pfd. zero-

temp. mica. 
RI — 47,000 ohms, 3 watt. 
Li — Oscillator tank coil — 4.3 ph., tapped about one-

third-way from grounded end. 
L2 — Output-circuit tank coil — 22 ph. 
La — Oscillator tank coil — 4.3 ph. 
L4 — Oscillator tank coil — 33 ph. (B & W JEL-80). 
RFC, — 2.5-inh. 50-ma. r.f. choke. 
VI — 6AG7 preferred; other well-screened types usable. 
V2 — 6AG7 required. 
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the oscillator is keyed, as it often is for break-in 
operation. Although voltage regulation will 
supply a steady voltage from the power supply 
and therefore is still desirable, it cannot alter 
the fact that the voltage on the tube must rise 
from zero when the key is open, to full voltage 
when the key is closed, and must fall back again 
to zero when the key is opened. The result is a 
chirp each time the key is opened or closed, 
unless the time constant in the keying cirenit is 
reduced to the point where the chirp takes place 
so rapidly that the receiving operator's ear eannot 
detect it. Unfortunately, as explained in the 
chapter on keying, a certain minimum time con-
stant is necessary if key clicks are to be mini-
mized. Therefore it is evident that the measures 
necessary for the reduction of chirp and clicks 
are in opposition, and a compromise is necessary. 
For best keying characteristics, the oscillator 
should be allowed to run continuously while a 
subsequent amplifier is keyed. However, a keyed 
amplifier represents a widely variable load and 
unless sufficient isolation is provided between the 
oscillator and the keyed amplifier, the keying 
characteristics may be little better than when 
the oscillator itself is keyed. 

Frequency Drift 

Frequency drift is further reduced most easily 
by limiting the power input as much as possible 
and by mounting the components of the tuned 

V FO 

AMP 

I  +150 TO 50O]-75 TO 150 V.+1 

Fig. 6-5 — D'agram showing two isolating amplifier stages following a VFO. 
Well-screened tubes, such as the 6SK7 or similar types are recommended. 

Ci — Coueng condenser — 100- Ri — Grid leak — 50,000 ohms, 1!4 
µµ fd . mica. watt. 

C2 — Bypass condenser — 0.001- 112— Cathode biasing resistor — ''00 
¡dd. disk ceramic. to 500 ohms, 1 watt. 

C3 — Beater by-pass — 0.001-afd. 
disk ceramic. RFC' — 2.5-mh. 50-ma. r.f. choke. 

AMP 
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Variable condensers should have ceramic 
insulation, good bearing contacts and should 
preferably be of the double-bearing type, and 
fixed condensers should have zero temperature 
coefficient. The tube socket also should have 
ceramic insulation and special attention should 
be paid to the selection of a tank coil in the os-
cillating section. 

Oscillator Coils 

The Q of tin. tank coil used in the oscillating 
portion of any of the circuits under discussion 
should be as high as circumstances (usually 
spaeet permit, sinee the losses, and therefore 
the heating, will be less. With rei' mmended care 
in regard to other factors mentioned previously, 
most of the drift will originate in the coil. The 
coil should be well spaced from shielding and 
other large metal surfaces, and be of a type that 
radiates heat well, such as a commercial air-
wound type, or should be wound tightly on a 
threaded ceramic form so that the dimensions will 
not change readily with temperature. The wire 
with which the coil is wound should be as large as 
practicable, especially in the high-C circuits. 

Mechanical Vibration 

To eliminate meehanipa I vibration, components 
should be mounted securely. Particularly in the 
circuit of Fig. I), the condenser should pref-
erably have small, thick plates and the coil 

braced, if necessary, to pre-
vent the slight( mechanical 
movement. Wire connections 
It wyen tank-cirenit compo-

nents should be as SIP Irt POS-

Si MP and flexible win. will have 
li.ss tendency to vil ritte than 
solid wire. It is advisable to 
cushion the entire oscillator 
unit by mounting on sponge rub-
ber or other shock mounting. 

circuit in a separate shielded compartment, so 
that they will be isolated from the direct heat 
from tubes and resistors. The shielding also will 
eliminate changes in frequency caused by move-
ment of nearby objects, such as the operator's 
hand when tuning the VFO. The circuit of Fig. 
6-4D lends itself well to this arrangement, since 
relatively long leads between the tube and the 
tank circuit have negligible effect on frequency 
because of the large shunting capacitances. The 
grid, cathode and ground leads to the tube can 
be bunched in a cable up to several feet long. 

Tuning Characteristic 

If the circuit is oscillating, 
touching the grid of the tube 
or any part of t he circuit con-
nected to it will show a change 
in plate turn ' lit In tuning 
the plate output circuit with-
out load, the plate current 
will be tela) iyely high until it is 
tuned near resonanee where 
the plate current will dip to a 

low value, as illustrated in Fig. 6-3. When the 
output circuit is loaded, the dip should still be 
found, but broader and much less pronounced as 
indivated by the dashed line. The circuit should 
not be loaded beyond the point where the dip is 
still recognizable. 

Checking VFO Stability 

A VW) should be checked thoroughly before 
it is placed in regular operation on the air. Since 
succeeding amplifier stages may affect the signal 
characteristics, final tests should be made with 
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the complete transmitter in operation. Almost 
any VFO will show signals of good quality and 
stability when it is running free and not con-
nected to a load. A well-isolated monitor is a 
necessity. Perhaps the most convenient, as well 
as one of the most satisfactory, well-shielded 
monitoring arrangements is a receiver combined 
with a crystal oscillator. as shown in Fig. 6-6. 
(See " Crystal Oscillators," this chapter.) The 
crystal frequency should lie in the band of the 
lowest frequent' Y to be checked and in the fre-
quency range whore its harmonies will fall in the 
higher-frequency bands. The receiver h. f.o. is 
turned off and the VD) signal is tuned to beat 
with the signal from the erystal oscillator in-
stead. In this way any receiver instability caused 
by overloading of the input circuits, which may 
result in " pulling" of the Id. oscillator in the 
receiver, or by a change in line voltage to the 
receiver when the transmitter is keyed, will not 
affect the reliability of the cheek. Most present-
day crystals have a sufficiently-low temperature 
coefficient to give a satisfactory check on drift 
as well as on chirp and signal quality if they are 
not overloaded. 

Harmonics of the crystal may be usenl to beat 
with the transmitter signal when monitoring at 
the higher frequencies. Since any chirp at the 
lower frequencies will lw magnified at the higher 
frequencies, accurate checking can best be done 
by monitoring at the latter. 

The distance between the crystal oscillator and 
receiver should be adjusted to give a good beat 
between the crystal oscillator and the transmitter 
signal. When using harmonics of the crystal 
oscillator, it may be necessary to attach a piece 
of wire to the oscillator as an antenna to give 
sufficient signal in the receiver. 

Checks may show that the stability is suffi-

RECEIVER- BFO OFF 

INi 
VFO 

XTAL 
OSC. 

Set-up for el ecking FO stability. Thereceiver 
should be tuned preferably to a harmonie of the VFO 
frequency. '1'he crystal oscillator may operate some-
where in the band in vhich the V FO is operating. The 
receiver b. fo. should be turned off. 

riently good to permit oscillator keying at the 
lower frequencies, where break-in operation is of 
greater value, hut that chirp beronins objection-
able at the higher frequencies. If further improve-
ment does not seem possible, it would be logical 
in this case to use oscillator keying at the lower 
frequencies and amplifier keying at the higher 
frequencies. 

R. F. Power Amplifiers 
R.f. power amplifiers used in amateur trans-

mitters usually are operated under Class C con-
ditions (see chapter on vacuum-tulw funda-
mentals). Fig. 6-7 shows a screen-grid tube with 
the required tuned tank in its plate circuit. 
Equivalent cathode connections for a filament-
type tube are shown in Fig. 6-8. It is assumed 
that the tube is being properly driven and that 
the various electrode voltages are appropriate 
for Class C operation. The maint objective, of 
course, is to deliver as much fundamental power 
as possible (or as desired) into a load, R, without 
exceeding the tube ratings. The load resistance R. 
may be in the form of a transmission line to an 
antenna, or the grid circuit of another amplifier. 
A further objective is to minimize the harmonic 
energy (always generated by a Class C amplifier) 
fed into the load circuit. In attaining these 
objectives, the Q of the tank circuit is of im-
portance. 

• PLATE TANK Q 
The Q is determined (see chapter on electrical 

laws and circuits) by the L/C ratio and the load 
resistance of the tube (not the resistance of the 
load circuit). The tube load resistance is related, 
in approximation, to the ratio of the d.c. plate 
voltage to d.c. plate current at which the tube is 
operated. The amount of C that will give a Q of 
12 for various ratios is shown in Fig. 6-9. A Q of 
12 is a value ('hosm as an average that will satisfy 
most of the requirements to be discussed. Certain 

s l lic considerations may make a higher or 
lower value desirable. For a given plate-voltage/ 
plate-current ratio, the Q will vary directly as 
the tank capacitance, twice the capacitance 
doubles the Q etc. 

Effect of Q on Tube Plate Efficiency 

For good tube plate efficiency, the voltage drop 
across the tank (which determines the instan-
taneous plate voltage) should approach a sine 
wave characteristic. However, the plate current 
flowing through the tank is in the highly-
distorted form of short pulses containing con-
siderable harmonic energy. As explained in the 
chapter on electrical laws, a resonant circuit dis-
criminates against harmonic voltages across the 
circuit according to the Q of the circuit. If the Q 
is sufficiently high, the wave shape of the voltage 
drop across the tank circuit will be essentially 
sinusoidal. S() far as tube plate efficiency is con-
cerned, requirements will be met satisfactorily if 
the tank Q is 5 or greater. However, as the Q is 
increased, the current circulating in the tank 
circuit becomes greater, increasing the tank-
circuit loss. If the Q is greater than about 20, the 
losses in the tank circuit will offset any further 
improvement in plate ellici,n,•y. 

Harmonic Output Reduction 

Strictly speaking, a high-Q tank circuit does 
not " attenuate" harmonics. The plate current 
pulses remain unchanged with Q. However, it has 
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(A) 

been explained above that the harmonic voltage 
drop across the tank circuit (a pure sine wave 
has no harmonic content) decreases with an 
increase in Q and therefore when the load circuit 
is coupled across the tank circuit capacitively, 
as shown in Fig. 6-7B, the harmonic voltage 
across the load will be reduced as the Q of the 
tank circuit is increased. 
When inductive coupling is used, as in Fig. 

6-7A, harmonic reduction in the load comes 
about for a different reason. At resonance, as 
explained in the chapter on electrical laws and 
circuits, there is a build-up of fundamental cur-
rent in the tank circuit, and this current becomes 
greater as the Q is increased. As the current 
through the tank coil increases, the same power 
in the load will be obtained with looser inductive 
coupling (a smaller coupling coefficient). Since 
the harmonic current through the coil remains 
fixed irrespective of Q, the amount of harmonic 
energy coupled out becomes less as the coupling 
is decreased. 

As stated above, tank-circuit loss increases 
with Q, so that the choice of Q must be a com-
promise depending upon whether efficiency or 
harmonic reduction is considered the more im-
portant. 

Q vs. Coupling 

Also, as explained above, it is seen that the Q 
has an influence on coupling to a load when the 
coupling is inductive. The higher the Q, the 
larger the tank current and the smaller the 
coefficient of coupling to the load can be for a 
given value of current in the load. Conversely, 
the lower the Q, the greater the coefficient of 
coupling must be. 

(B) 

Fig. 6-7 — Output coupling circuits. A — In-
ductive link coupling. 11 — Capacitive coupling. 

Ci — Plate tank condenser — see text and Fig. 6-9 for capacitance, Fig. 
6-29 for voltage rating. 

C2 — Heater by-pass — 0.001-pfd. disk ceramic. 
C3 — Screen by-pass — voltage rating depends on method of screen supply. 

See section on screen considerations. Voltage rating same as plate 
voltage will be safe under any condition. 

CS Plate by-pass — 0.001-gfd. disk ceramic or mica. Voltage rating same 
as CI, plus safety factor. 

CS — Coupling condenser — see Fig. 6-18. 
1.1 — To resonate at operating frequency with C1. See LC chart in miscel-

laneous-data chapter and inductance formula in electrical-laws 
chapter, or use AR RI, Lightning Calculator. 

L2 — Reactance equal to line impedance. See reactance chart in miscellane-
ous-data chapter and inductance formula in electrical-laws chapter, 
or use ARRL Lightning Calculator. 

R — Representing load. 

Q and Broadbanding 

Amateur frequencies are in hauls -- not spot 
frequencies — and it becomes desirable to design 
the circuits of the transmitter so that it may be 

• 

Fig. 6.e — Filament center-tap con - 
n ect ions to be substituted in place of 
cathode connections shown in dia-
grams when filament-type tubes are 
substituted. T1 is the filament trans-
former. CI should be 0.001-gfd. disk 
ceramic condensers. 

operated within a band with a minimum of 
retuning. It is therefore desirable to use the 
minimum Q that will satisfy the previously dis-
cussed requirements. 

ge OUTPUT COUPLING SYSTEMS 
Coupling to Flat Coaxial Lines 

When the load R in Fig. 6-7A is located for 
convenience at some distance from t he amplifier, 
or when maximum harmonic reduction is de-
sired, it is advisable to feed the power to the 
load through a low-impedance coaxial cable. 
The shielded construction of the cable prevents 
radiation and makes it i)ossible to install the line 
in any convenient manner without (langer of 
unwanted coupling to other circuits. 

If the line is more than a small fraction of a 
wavelength long, the load resistance at its output 

end should be adjusted, by a 
matching circuit if necessary, to 

5 
match the characteristic im-
pedance of the cable. This re-
duces losses in the cable to a 
minimum and makes the cou-
pling adjustments at the trans-
mitter independent of the cable 
length. Matching circuits for use 
between the cable and another 
transmission line are discussed 
in the chapter on transmission 
lines, while the matching adjust-
ments when the load is the grid 
circuit of a following amplifier 
are described elsewhere in this 
chapter. 
Assuming that the cable is 

properly terminated, proper 
loading of the amplifier will be 
assured, using the circuit of 
Fig. 6-10C, if 

1) The plate tank circuit has 
reasonably high value of Q. A 
value of 10 or more is usually 
sufficient. 

2) The inductance of the pick-
up or link coil is close to the opti-
mum value for the frequency 
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Fig. 6-9 — Chart showing plate tank capacitance re-
quired for a Q of 12. To use the chart, divide the tube 
plate voltage by the plate current in milliamperes. Se-
lect the vertical line corresponding to the answer ob-
tained. Follom I Iri vertical line to the diagonal line for 
the band in • poe-ti ,,, and thence horizontally to the 
left to read the capacitance. For a given ratio of plate-
voltage/plate current, doubling the capacitance shown 
doubles the Q ete. When a split-stator condenser is 
used in a balanced circuit, the capacitance °( each section 
may be one half of the value given by the chart. 

and type of line used. The optimum coil is one 
whose st-If-inductance is such that its reactance 
at the operating frequency is equal to the charac-
teristic impedance, Zo, of the line. 

3) It is possible to make the coupling between 
the tank and pick-up coils very tight. 
The second in this list is often hard to meet. 

Few manufactured link coils have adequate in-
ductance even for coupling to a 50-ohm line at 
low frequencies. 

If the line is operating with a low s.w.r., the 

--"ElÉ5- 1 

+ (A) 

Coaxial 
Line 
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Capacitance in µµfd. Required for Coupling to 
Flat Coaxial Lines with Tuned Coupling Circuit 
Frequency Characteristic Impedance of Line 
Band 52 75 
Mc. ohms 1 ohms , 
1.8 900 600 
3.5 450 300 
7 230 150 

14 115 75 
28 60 40 

Capaeitance values are maximum usable. 

Note: Induct ance in circuit must loe adjusted to 
resonate at operating frequency. 

system shown in Fig. 6-10C will require tight 
coupling between the two coils. Since the second-
ary (pick-up coil) circuit is not resonant, the 
leakage reactance of the pick-up coil will cause 
some detuning of the amplifier tank circuit. 
This detuning effect increases with increasing 
coupling, but is usually not serious. However, the 
amplifier tuning must be adjusted to resonance, as 
indicated by the plate-current dip, each time the 
coupling is changed. 

Tuned Coupling 

The design difficulties of using " untuned" 
pick-up coils, mentioned above, can be avoided 
by using a coupling circuit tuned to the operating 
frequency. This contributes additional selectivity 
as well, and hence aids in the suppression of 
spurious radiations. 

If the line is flat the input impedance will be 
essentially resistive and equal to the Zo of the 
line. With coaxial cable, which has a Zo of 75 
ohms or less, a circuit of reasonable Q can be ob-
tained with practicable values of inductance and 
capacitance connected in series with the line's 
input terminals. 

Suitable circuits are given in Fig. 6-10 at A 
and B. The values of induct alive and capacitance 
in the coupling circuits are riot highly critical, but 
the L/C ratio must not be too small.. The Q of the 
coupling circuit often may be as low as 2, with-
out running into difficulty in getting adequate 
coupling to a tank circuit of proper tlesign. Larger 
values of Q can be used anti will result ill increased 
ease of coupling, but as t he Q is ita•reased the 
frequency range over which the eireuit will oper-
ate without readjustment beeomes smaller. It is 
usually good practice, then- fort., to use a v, utpling-
circuit Q just low enough to permit operation, 
over as much of a band as used for a 
particular type of commulti ,.a twit, without re-
quiring retuning. 

Állernalive for use 
with small/inks 

(B) 
Fig. 6-10 — With flat transmission lines power transfer is obtained with looser coupling if the line input is tuned 
to resonance. CI and Li should resonate at the operating frequency. See table for maximum usable value of Co. 
If circuit does not resonate with maximum Co or leas, inductance of L1 must be increased, or added in series at L. 

(C) 
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Capacitance values for a Q of 2 and line 

impedances of 52 and 75 ohms are given in the 
accompanying table. These are the maximum 
values that should be used. The inductance in the 
circuit should be adjusted to give resonance at 
the operating frequency. If the link coil used for a 
particular band does not have enough inductance 
to resonate, the additional inductance may be 
connected in series as shown in Fig. 6-10C. 

In practice, the amount of inductance in the 
circuit should be chosen so that, ‘vith some-
what loose coupling between 14 and t I ut amplifier 
tank coil, the amplifier plate current will increase 
when the variable condenser, Ch is tuned through 
the value of capacitance given by the table. The 
coupling between the two coils should then be 
increased until the amplifier loads normally, 
without changing the setting of C1. Slight re-
tuning of the plate tank condenser may be re-
quired. If the transmission line is flat over the 
entire frequency band under consideration, it 
should not be necessary to readjust CI when 
changing frequency, if the values given in the 
table are used. However, it is unlikely that the 
line actually will be flat over such a range, so 
some readjustment of C1 may be needed to com-
pensate for changes in the input impedance of 
the line as the frequency is changed. If the input 
impedance variations are not large, Ci may be 
used as a loading control, no changes in the coup-
ling between Li and the tank coil being necessary. 
The degree of coupling lut veen L1 and the 

amplifier tank coil will depend on the coupling-
circuit Q. With a Q of 2, the coupling should be 
tight -- comparable with the coupling that is 
typical of " fixed-link" manufactured coils. With 
a swinging link it may be necessary to increase 
the Q of the coupling circuit in order to get suffi-
cient power transfer. This can be done by in-
creasing the L/C ratio. 

Pi- Section Output Tank 

A pi-section tank circuit may also be useil in 
coupling to a low-impedance transmission line, 
as shown in Fig. 6-11. The output condenser, C2, 

C6 

RFC, 

C5A 

COAXIAL LINE 

HIP + 5G.— + H.V. 

6-11 — Pi-section output tank circuit. 
Ci — Input condenser — gee text and Fig. 6.9 for ca-

pacitance. For voltage rating see CI, Fig. 6-7. 
— Output condenser — adjustable to half reactance 

of line impedance — see text and reactance 
chart in chapter of miscellaneous data. Voltage 
rating — receiving spacing good for I kw. at 
50 or 75 ohms. 

Cg — Beater bv.pass — 0.001-Al. disk ceramic. 
C4 — Screen Iii.V-pass — see Fig. 6-7. 
Cg — Plate by -pass — see Fig. 6-7. 
Cg — Plate blocking condenser — 0.001-5M. disk ce. 

ramie or mica. Voltage rating same as CI. 
Li — Inductance approx. same as L1, Fig. 6-7. 
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should be adjustable to a re:> t • t alive of about half 
of the characteristic impedance of the line. Cli 
the input condenser, and L1 should have values 
approximately the same as used in a conventional 
tank circuit for a Q of 12 (see Fig. 6-9). 
A decrease in the capacitance of (72, or the 

inductance of LI, will increase the coupling and 
vice versa. Each time L1 or Cg is changed, C1 
must be readjusted for resonance. 

• R.F. AMPLIFIER-TUBE OPERATION 
Driving Power, Efficiency, Dissipation 

and Power Input 

Qne of the most significant tube ratings is the 
maximum plate-dissipation rating. This is the 
power that can be safely dissipated in the tube 
as heat without damage to the min). It is the 
difference between r.f. power output and the ti.c. 
power input to the plate. For a given dissipation 
rating, the theoretical power output from a 
tube depends on the efficiency with which it ran 
be mad> , to operate. The P„/Pd cur, el Fig. 6-12 
shows the theoretical power output obtainalile 
at various efficiencies in terms of the plate-
dissipation rating. For insianue, at an efficiency 
()I' 6() per rent, the (airy, shows that the output 
will t t IS times the dissipation rating, while at 
an etlicieney of 90 per cent a power of times the 
dissipation rating might be obtained. However, 
the Pi/Pd curve shows that the power input a t 
90 per rent would have to be 10 times the dissi-
pation rating. An input of 1 his magnitude would 
exceed the power-input rating (plate voltage X 
plate current of the tube, which is based on 
cathode emission and electrode insulation. Also, 
referring to Fig. 6-13, it is seen that the higher 
efficiencies are obtainable only by the use of an 
inordinate amount of driving power. In other 
words, as the curve shows, the power amplification 
d s rapidly. The typical operating condi-
tions given in the tube tables represent a com-
promise of these factors. The lal ails under the 
curves of Fig. 6-12 show the usual practical 
efficiencies attainable for various classes of tube 
operation. For instance, at an efficienry of 75 per 
cent, a Class C amplifier youlil wirmally be 
operated at a power input of 4 times its plate 
dissipation. A doubler, however, normally oper-
ating at about 35 per rent efficiency. could handle 
an input of only about IS times its dissipation 
rating. The efficiencies shown for Class B 
amplifiers are for full excitation and full input. 
The figures for driving power listed in the tube 

tables do not include coupling-circuit losses and 
to assure adequate excitation, the driver tube 
should be capable of an output power three or 
four times the rated driving power of the ampli-
fier. For normal operation, proper excitation is 
indicated when rated d.c. grid current is obtained 
at rated bias (see tube tables). 
Depending on the material from which the 

plate is made, the plate will show no color, or 
varying degrees of redness, when operating at 
rated dissipation. This can be checked by oper-
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Fig. 6-12 — Curves showing the relationship of power 
output (P.), power input ( Pi), plate dissipation ( Pa) 
and effieieney aceording to class of amplifier tithe 
operation. 

ating the tube without excitation, but with plate 
and screen voltages applied, for a period approxi-
mating normal operation. Fixed bias should be 
applied to bring the plate current to some lom 
value at the start. The bias should be gradualh 
reduced unt il the input to the tube (plate voltag't 
X plate current in decimal parts of an ampere) 
equals the rated dissipation. The color of Bit 
plate at this input should be noted so that it can 
be compared with the color showing in norma 
operation. A brighter color in operation would, 
of course, indicate that the dissipation rating   
is being exceeded. 

Maximum Grid Current 

Maximum grid dissipation usually is ex-
pressed in terms of the maximum grid current 
at which the tube should be operated to pre-
vent damage to the tube. A common result of 
excessive grid heating is a condition where the 
grid current gradually falls off. If the bias is 
supplied largely by grid-leak act ion, the bias 
drops and the tube draws excessive plate cur-
rent. The total effect is one in %aid) the tem-
perature of the tube rapidly rises to the danger 
point. Sometimes, but not always, the tube 
will restore itself to normal if all power, except 
filament, is turned off for several minutes. If 
the overload has been serious or prolonged, 
with a thoriated-filament tube, it may be pos 
sible to reactivate the filament, as described 
below, but sometimes the tube will be perma-
nently damaged. 

Filament Voltage 

The filament voltage for the indirectly-heated 
cathode-type tubes found in low-power classifi-
cations may vary 10 per cent above or below 
rating without seriously reducing the life of the 
tube. But the voltage of the higher-power fila-
ment-type tubes should be held closely between 
the rated voltage as a minimum and 5 per cent 
above rating as a maximum. Make sure that the 
plate power drawn from the power line does not 
cause a drop in filament voltage below the proper 
value when plate power is applied. 

Thoriatet 1-type filaments lose emission when 
the tul te is overloaded appreciably. If the over-
load has not been too prolonged, emission some-
tunes may be restored by operating the filament 
at rated voltage with all other voltages removed 
for a period of 10 minutes, or at 20 per cent above 
rated voltage for a few minutes. 

Bias and Tube Protection 

The portion of the excitation cycle over which 
the amplifier draws plate grid current (operating 
angle) is governed by applying a negative biasing 
voltage between grid and cathode. Recommended 
values will be found in the tube tables. Several 
methods Of obtaining bias are shown in Fig. 6-14. 
In A, bias is obtained by the voltage drop across 
a resistor in 1 1H. grid d.c. return circuit when 
rectified grid current flows. The proper value of 
resistance may be determined by dividing the 
required biasing voltage by the d.c. grid current 
at which the tube will be operated. The tube is 
biased only when excitation is applied, since the 
voltage drop across the resistor depends upon 
grid-current flow. 1Vhetl excitation is removed, 
the bias falls to zero. At zero bias most tubes 
draw power far in excess of the plate-dissipation 
rating. So it is advisable to make provision for 
protecting the tube when excitation fails by 
accident, or by intent as it does when a preceding 
stage in a c.w. transmitter is keyed. This pro-
tection can be supplied by obtaining all bias from 

I 
Power 

Amplification  

d 
Driving Power 

Gr d Current —.— 

Fig. 6./3 t:urves slims ing relationship of tlriving power, 
pmser amplification and plate-circuit effieiency of an r.f. 
power-amplifier stage. 
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(A) 

a source of fixed voltage, as shown in Fig. 6-1411. 
It is preferable, however, to use only sufficient 
fixed bias to protect the tube and obtain the 
balance needed for operating bias from a grid 
leak, as indicated in C. The grid-leak resistance 
in this case is calculated as above, except that the 
fixed voltage used is subtracted first. 

Fixed bias may be obtained from dry batteries 
or from a power pack (see power-supply chapter). 
If dry batteries are used, they should be checked 
periodically, since even though they may show 
normal or above-normal voltage, they eventually 
develop a high internal resistance. Grid-current 
flow through this battery resistance may increase 
the bias considerably above that anticipated. 
The life of batteries in bias service will be ap-
proximately the same as though they were subject 
to a drain equal to the grid current, despite the 
fact that the grid-current flow is in such a direc-
tion as to charge the battery, rather than to 
discharge it. 

If the maximum c.w. ratings shown in the tube 
tables are to be used, the input should be cut to 
zero when the key is open. Aside from this, it is 
not necessary that plate current be cut off com-
pletely but only to the point where the rated 
dissipation is not exceeded. In this case plate-
modulated 'phone ratings should be used for 
c.w. operation. 

In Fig. 6-14F, bias is obtained from the volt-
age drop across a resistor in the cathodc (or 
filament center-tap) lead. Protective bias is ob-

T , 4 
Protective= Operating 

bias bias 
j_ 

I+ 

tained by the voltage drop across R5 as a result 
of plate (and screen) current flow. Since plate 
current must flow to obtain a voltage drop across 
the resistor, it is obvious that cut-off protective 
bias cannot be obtained by this system. When 
excitation is applied, plate (awl screen) current 
incremes and the grid current also contributes to 
the drap across R5, thereby increasing the bias to 
the operating value. Since t he voltage between 
plate and cathode is reduced by the amount of 
the voltage drop across R5, the over-all supply 
voltage must be the sum of the plate and opprat-
ing-bias voltages. For this reason, the use of 
cathode bias usually is limited to low-voltage 
tubes when the extra voltage is not difficult to 
obtain. 
The resistance of the cathode biasing resistor 

115 should be adjusted to the value which will give 
the correct operating bias voltage with rated 
grid, plate and screen currents flowing with the 
amplifier loaded to rated input. When excitation 
is removed, the input to most types of tubes will 
fall to a value that will prevent (lainage to the 
tube, at least for the period of time required to 
remove plate voltage. 
A disadvantage of this biasing system is that 

the cathode r. f. connection to gro.und depends 
upon a liy-iiass condenser. From the mush leration 
of v.h.f. harmonies mal stability with high-
perveance tubes, it is preferable to make the 
cathode-to-ground impedance as close to zero as 

(B) 

R2 

72, bias Protective 
pack bias 

Operating 

bias 

2 
- Operatin9 

Protective= bias 
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operatil bias 
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Fig. 6.14 — Various sv, terw, for obtaining protective and operating bias for r.f. amplifiers. A — Grid-leak. 13 — Bat-
tery. C — (:ombinadon battery and grid leak. T) — Grid leak and adjusted-voltage bias pack. E — Combination 
grid leak and voltage-regulated pack. F — Cathode bias. 
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Protecting Screen-Grid Tubes 

Screen-grid tubes cannot be cut off with bias 
unless the screen is operated from a fixed-voltage 
supply. In this ease the cut-off bias is approxi-
mately the screen voltage divided by the amplifi-
cation factor of the screen. This figure is not 
always shown in tube-data sheets, but cut-off 
voltage may be determined from an inspection 
of tube curves, or by experiment. 
When the screen is supplied from a series 

dropping resistor, the tube can be protected by 
the use of a screen-clamper tube, as shown in 
Fig. 6-15. The grid- leak bias of the amplifier tube 
with excitation is applied also to the grid of the 
damper tube. This is usually sufficient to cut off 
the damper tube. However, when excitation is 
removed, the clamper-tube bias falls to zero and 
it draws enough current through the screen drop-
ping resistor usually to limit the input to the 
amplifier to a safe value. If complete screen-
voltage cut-off is desired, a VR tube may be 
inserted in the screen lead as shown. The VR-
tube voltage rating should be high enough so 
that it will extinguish when excitation to the 
amplifier is removed. One Vlt tube should be 
used for each 40 ma. of screen current, other 
tubes being added in parallel if needed. 

Screen Considerations 

Since the power taken by the screen does not 
contribute to the r.f. output, it is dissipated en-
tirely in heating the screen, so the dissipation 
can be calculated simply by multiplying the 
screen voltage by the screen current. 

It should be kept in mind that screen current 
varies widely with both excitation and loading. 
If the screen is operated from a fixed-voltage 
source, the tube should never be operated without 
plate voltage and load, otherwise the screen may 
be damaged within a short time. Supplying the 
screen through a series dropping resistor from a 
higher-voltage source, such as the plate supply, 
affords a measure of protection, since the re-
sistor causes the screen voltage to drop as the 
current increases, thereby limiting the power 
drawn by the screen. However, with a resistor, 
the screen voltage may vary considerably with 
excitation, making it necessary to cheek the 
voltage at the screen terminal under actual 
operating conditions to make sure that the screen 
voltage is normal. Reducing excitation will cause 
the screen current to drop, increasing the voltage; 
increasing excitation will have the opposite 
effect. These changes are in addition to those 
caused by changes in bias and plate loading, so 
if a screen-grid tube is operated from a series 
resistor or a voltage divider, its voltage should be 
checked as one of the final adjustments after 
excitation and loading have been set. 
An approximate value of resistance for the 

screen-voltage dropping resistor may he obtained 
by dividing the voltage drop required from the 
supply voltage (difference between the supply 
voltage and rated screen voltage) by the rated 
screen current in decimal parte of an ampere. 

TO AMP 
SCREEN 

TO AMP 
GRID 

AMP 
GRID 
LEAK 

SCREEN 
RESISTOR 

63V +5.G. 

Fig.6-15— Screen clamper circuit for protecting screen-
grid power tubes. The V R tube is needed only for com-
plete cut-off. 
Ci — 0.001-afd. disk ceramic. RI — 100 ohms. 

Some further adjustment may be necessary, as 
mentioned above, so an adjustable resistor with a 
total resistance above that calculated should be 
provided. 

• FEEDING EXCITATION 
TO THE GRID 

In coupling the grid input circuit of an ampli-
fier to the output circuit of a driving stage the 
objective is to load the driver plate circuit si) that 
the desired amplifier grid excitation is obtained 
without exceeding the plate-input ratings of the 
driver tube. 

As explained earlier, the grid of a Class C 
amplifier must be driven positive in respect to 
cathode over a portion of the excitation cycle, and 
rectified grid current flows in the grid-cathode 
circuit. This represents an average resistance 
across which the exciting voltage must be de-
veloped by the driver stage. In other words, this 
is the load resistance into which the driver plate 
circuit must be coupled. The approximate grid 
input resistance is given by: 

Input impedance (ohms) 

driving power (watts)  
X 622 X 103. 

d.c. grid current (ma.)2 

For normal operation, the values of driving power 
and grid current may be taken from the tube 
tables. 

Since the grid input resistance is a matter of a 
few thousand ohms, an impedance step-down is 
necessary if the grid is to be fed from a low-
impedance transmission line. This can be done 
by the use of a tank as an impedance-transform-
ing device in the grid circuit of the amplifier as 
shown in Fig. 6-16. This coupling system may be 
considered either as simply a means of obtaining 
mutual inductance between the two tank coils, 
or as a low-impedance transmission line. If the 
line is longer than a small fraction of a wave-
length, and if a s.w.r. bridge is available, the line 
is more easily handled by adjusting it as a 
matched transmission line. 
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Inductive Link Coupling with Flat Line 

In adjusting this type of line, the object is to 
make the s.w.r. on the line as low as possible 
over as wide a band of frequencies as possible so 
that power can be transferred over this range 
without retuning. It is assumed that the output 
coupling considerations discussed earlier have 
been observed in connection with the driver plate 
circuit. So far as the amplifier grid circuit is 
concerned, the controlling factors are the Q of 
the tuned grid circuit, L2C2, (see Fig. 6-17) the 
inductance of the coupling coil, L4, and the de-
gree of coupling between L2 and L4. Variable 
coupling between the coils is convenient, but not 
strictly necessary if one or both of the other 
factors can be varied. An s.w.r. indicator (shown 
as "SWR" in the drawing) is essential. An indi-
cator such as the " Micromatch" (a commercially 
available instrument) may be connected as shown 
and the adjustments made under actual operating 
conditions; that is, with full power applied to 
the amplifier grid. 
Assuming that the coupling is adjustable, 

start with a trial position of L4 with respect to 
L2, and adjust C2 for the lowest s.w.r. Then 
change the coupling slightly and repeat. Con-
tinue until the s.w.r. is as low as possible; if the 
circuit constants are in the right region it should 
not be difficult to get the s.w.r. down to 1 to 1. 
The Q of the tuned grid circuit should be designed 
to be at least 10, and if it is not possible to get a 
very low s.w.r. with such a grid circuit the prob-
able reason is that La is too small. Maximum 
coupling, for a given degree of physical coupling 
between the two coils, will occur when the in-
ductance of L4 is such that its reactance at the 
operating frequency is equal to the character-
istic impedance of the link line. The reactance 
can be calculated as described in the chapter on 
electrical fundamentals if the inductance is 
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Fig. 6-17 — Chart showing required grid tank capaci-
tance for a Q of 12. To use, divide the driving power in 
watts by the square of the d.c. grid current in milliam-
peres and proceed as described under Fig. 6-9. Driving 
power and grid current may be taken from the tube 
tables. When a split-stator condenser is used in a bal-
anced grid circuit, the capacitance of each section may 
be half that shown by the chart. 

known; the inductance can either be calculated 
from the formula in the same chapter or measured 
as described in the chapter on measurements. 
Once the s.w.r. has been brought down to 1 to 

1, the frequency should be shifted over the band 
so that the variation in s.w.r. can be observed, 
without changing C1 or the coupling between L2 

and L4. If the s.w.r. rises rap-
idly on either side of the origi-
nal frequency the circuit can 
be made " flatter" by reducing 
the Q of the tuned grid circuit. 
This may be done by decreas-
ing C2 and correspondingly 
increasing L2 to maintain reso-
nance, and by tightening the 
coupling between L2 and L.t, 

going through the same ad-
justment process again. It is 
possible to set up the system 
so that the s.w.r. will not ex-
ceed 1.5 to 1 over, for example, 
the entire 7-Me, band and pro-
portionately on other bands. 
Under these circumstances a 
single setting will serve for 
work anywhere in the band, 
with essentially constant 
power transfer from the line 
to the power-amplifier grids. 

If the coupling between L2 
and L4 is not adjustable the 

Fig. 6-16 — Coupling excitation to the grid of an r.f. power amplifier by means 
of a low-impedance coaxial line 
CI, Ca, Li, La — See corresponding components in Fig. 6-7. 
C2 — Amplifier grid tank condenser — see text and Fig. 6-17 for capacitance, 

Fig. 6-30 for voltage rating. 
C4 — 0.001-dd. disk ceramic. 
1.2 — T. resonate at operating frequency with C2. See LC chart in miscellane-

ous-data chapter and inductance formula in electrical-laws chapter, 
or use AR RL Lightning Calculator. 

L4 — Reactance equal to line impedance — see reactance chart in miscel-
laneous-data chapter and inductance formula in ele. trivet-laws chap-
ter, or use ARID.. Lightning Calculator. 

11 is used to simulate grid impedance of the amplifier when a low-power 
s.w.r. indicator, such as a resistance bridge, is used. See formula in text for 
calculating value. Standing-weve indicator 5 ¡FR is inserted in line only while 
line is made fiat, 
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saine result may be secured by varying the L/C 
ratio of the tuned grid circuit — that is, by 
varying its Q. If any difficulty is encountered it 
can be overcome by changing the number of 
turns in L4 until a match is secured. The two 
coils should be tightly coupled. 
When a resistance-bridge type s.w.r. indicator 

(see measuring-equipment chapter) is used it is 
not possible to put the full power through the 
line when making adjustments. In such case the 
operating conditions in the amplifier grid circuit 
eau be simulated by using a carbon resistor ( AI or 
1 watt size) of the same value as the calculated 
amplifier grid impedance, connected as indicated 
by the arrows in Fig. 6-16. In this case the 
amplifier tube must be operated " cold" — with-
out filament or heater power. The adjustment 
process is the same as described above, but with 
t he driver power reduced to a value suitable for 
operating the s.w.r. bridge. 
When the grid coupling system has been ad-

justed so that the s.w.r. is close to 1 to 1 over the 
desired frequency range, it is certain that the 
power put into the link line will be delivered to 
the grid circuit. Coupling will be facilitated if 
the line is tuned as described under the earlier 
section on output coupling systems. 

Link Feed with Unmatched Line 

When the system is to be treated without re-
gard to transmission-line effects, the link line 
must not offer appreciable reactance at the 
operating frequency. Unless the constants happen 
to tune the link near resonance, any appreciable 
reactance, inductive or capacitive, will in effect 
reduce the coupling, making it impossible to 
transfer sufficient power from the driver to the 
amplifier grid circuit. Coaxial cables especially 
have considerable capacitance for even short 
lengths and for this reason it may be more de-
simble to use a spaced line, such as Twin-Lead, if 
the radiation can be tolerated. 
The reactance of the line can be nullified only 

by making the link resonant. This may require 
changing the number of turns in the link coils, 
the length of the line, or the insertion of a tuning 
capacitance. The disadvantages of such a reso-
nant link are obvious. Since the s.w.r. on the 
link line may be quite high, the line losses in-
crease because of the greater current, the voltage 
increase may be sufficient to cause a break-down 
in the insulation of the cable and the added tuned 
circuit makes adjustment more critical with rela-
tively small changes in frequency. 
These troubles may not be encountered if the 

link line is kept very short for the highest fre-
quency. A length of 5 feet or more may be 
tolerable at 3.5 Mc., but a length of a foot at 28 
Mc. may be enough to cause serious effects on 
the functioning of the system. 

Adjusting the coupling in such a system de-
pends so much on the dimensions of the link line 
used that it must necessarily be largely a matter 
of cut and try. If the line is short enough so as 
to have negligible reactance, the coupling be-
tween the two tank circuits will increase within 
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limits by adding turns to the link coils, maintain-
ing as close as possible equal inductances in each 
coil, or by coupling the link coils more tightly, if 
possible, to the tank coils. If it is impossible to 
change either of these, a variable condenser of 
300 µla fd. may be connected in series with or in 
parallel with the link coil at the driver end of the 
line, depending upon which connection is the 
most effective. If coaxial line is used, the con-
denser should be connected in series with the 
inner conductor. If the line is long enough to 
have appreciable reactance, the variable con-
denser is used to resonate the entire link circuit. 
As mentioned previously, the size of the link 
coils and the length of the line, as well as the 
size of the condenser, will affect the resonant 
frequency and it may take an adjustment of all 
three before the condenser will show a pro-
nounced effect on the coupling. When the system 
has been made resonant, coupling may be ad-
justed by varying the link condenser. 

Simple Capacitive Interstage Coupling 

The capacitive system of Fig. 6-18A is the sim-
plest of all coupling systems. (See Fig. 6-8 for 
filament-type tubes.) In this circuit, the plate 
tank circuit of the driver, CiLI, serves also as 
the grid tank of the amplifier. Although, it is used 
more frequently than any other system, it is less 
flexible and has certain limitations that must be 
taken into consideration. 
The two stages cannot be separated physically 

any appreciable distance without involving loss 
in transferred power, radiation from the coupling 
lead and the danger of feed-back from this lead. 
Since both the output capacitance of the driver 
tube and the input capacitance of the amplifier 
are across the single circuit, it is sometimes diffi-
cult to obtain a tank circuit with a sufficiently 
low Q to provide an efficient circuit at the higher 
frequencies. The coupling can be varied by 
altering the capacitance of the coupling con-
denser, C2, but no impedance transforming is 
possible. The driver load impedance is the sum 
of the amplifier grid resistance and the reactance 
of the coupling condenser in series, the coupling 
condenser serving simply as a series reactor. 
Driver load resistance increases with a decrease 
in the capacitance of the coupling condenser. 
When the amplifier grid impedance is lower 

than the optimum load resistance for the driver, 
a transforming action is possible by tapping the 
grid down on the tank coil, but this is not 
recommended because it invariably causes an 
increase in v.h.f. harmonics and sometimes sets 
up a parasitic circuit. 
So far as coupling is concerned, the Q of the 

circuit is of little significance. However, the other 
considerations discussed earlier in connection 
with tank-circuit Q should be observed. 

Pi- Section Tank as Interstage Coupler 

A pi-section tank circuit, as shown in Fig. 
6-18B, may be used as a coupling device between 
screen-grid amplifier stages. The circuit is actu-
ally a capacitive coupling arrangement with the 
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grid of the amplifier tapped down on the circuit 
by means of a capacitive divider. In contrast to 
the tapped-coil method mentioned previously, 
this system will be very effective in reducing 
v.h.f. harmonies, because the output condenser, 
Cg, provides a direct capacitive shunt for har-
monics across the amplifier grid circuit. 
To be most effective in reducing v.h.f. har-

monics, C8 should be a mica condenser connected 
directly across the tube-socket terminals. Tap-
ping down on the circuit in this manner also 
helps to stabilize the amplifier at the operating 
frequency because of the grid-circuit loading 
provided by Cg. For the purposes both of sta-
bility and harmonic reduction, experience has 
shown that a value of 100 peifd. for Cg usually is 
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Fig. 6-19 — Circuit of sensitive neutralizing ind'eator. 
Ntal is a 1N34 crystal detector, MA a 0-1 direct-e wrent 
milliammeter and C a 0.001-mfd. mica by-pass condenser. 

sufficient. In general, C7 and L, should have 
values approximating the capacitance and in-
ductance used in a conventional tank circuit. 
A reduction in the inductance of 1.2 results in an 
increase in coupling because C7 must be in-

creased to retune the circuit to reso-
nance. This changes the ratio of C7 to 
Cg and has the effect of moving the grid 
tap up on the circuit. Since the coupling 
to the grid is comparatively loose under 
any condition, it may be found that it is 
impossible to utilize the full power ca-
pability of the driver stage. If sufficient 
excitation cannot be obtained, it may be 
necessary to raise the plate voltage of 
the driver, if this is permissible. Other-
wise a larger driver tube may be re-
quired. As shown in Fig. 6-18B, parallel 
driver plate feed and amplifier grid feed 
are necessary. 

(B) 

Fig. 6-18 — Capacitive-coupled amplifiers. A — Simple capacitive 
coupling. B — Pi-section coupling. 
CI — Driver plate tank condenser — see text and Fig. 6-7 for ca-

pacitance, Fig. 6-29 for voltage rating. 
C2 — Coupling condenser — 50 to 150 add. mica, as necessary 

for desired coupling. Voltage rating sum of driver plate 
and amplifier biasing voltages, plus safety factor. 

C3 — Driver plate by-pass condenser — 0.001-afd. disk ceramic 
or mica. Voltage rating same as plate voltage, plus safety 
factor. 

C4 — Grid by-pass — 0.001-5M. disk ceramic. 
Cs — Heater by-pass — 0.001-ad. disk ceramic. 
C6 — Driver plate blocking condenser — 0.001-afd. disk ceramic 

or mica. Voltage rating same as C2. 
C7 — Pi-section input condenser — see text and Fig. 6-9 for ca-

pacitance. Voltage rating same as CI. 
Cs — Pi-section output condenser — 100-51,fd. mica. Voltage 

rating same as driver plate voltage plus safety factor. 
L1 — To resonate at operating frequency with C1. See LC chart in 

miscellaneous-data chapter and inductance formula in 
electrical-laws chapter, or use ARRL Lightning Calculator. 

La — Pi-section inductance — See text. Approximately same as LI. 
RFC1 — Grid r.f. choke — 2.5-mh. Current rating minimum of 

grid-current to be expected. 
RFC a — Driver plate r.f. choke — 2.5 mh. Current rating mini-

mum of plate current expected. 

• STABILIZING AMPLIFIERS 
External Coupling 

A straight amplifier operates with its 
input and output circuits tuned to the 
same frequency. Therefore, unless the 
coupling between these two circuits is 
brought to the necessary minimum, the 
amplifier will oscillate as a tuned-plate 
tuned-grid circuit. Care should be used 
in arranging components and wiring of 
the two circuits so that there will be 
negligible opportunity for coupling ex-
ternal to the tube itself. Complete 
shielding between input and output cir-
cuits usually is required. All r.f. leads 
should be kept as short as possible and 
particular attention should be paid to 
the r.f. return paths from plate and grid 
tank circuits to cathode. In general, 
the best arrangement is one in which 
the cathode (or filament center tap) 
connection to ground, and the plate 
tank circuit are on the same side of the 
chassis or other shielding. Then the 
"hot" lead from the grid tank (or driver 
plate tank) should be brought to the 
socket through a hole in the shielding. 
Then when the grid tank condenser, or 
by-pass is grounded, a return path 
through the hole to cathode will be en-
couraged, since transmission-line char-
acteristics are simulated. 
A check on external coupling between 
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input and output circuits can be made with a 
sensitive indicating device, such as the one dia-
grammed in Fig. 6-19. The amplifier tube is re-
moved from its socket and if the plate terminal is 
at the socket, it should be disconnected. With the 
driver stage running and tuned to resonance, 
the indicator should be coupled to the output 
tank coil and the output tank condenser tuned 
for any indication of r.f. feed-through. Experi-
ment with shielding and rearrangement of parts 
will show whether the isolation can be improved. 

Neutralizing Circuits 

The plate-grid capacitance of screen-grid tubes 
is reduced to a fraction of a micro-microfarad by 
the interposed grounded screen. Nevertheless, 
the power sensitivity of tlwse tubes is so great 
that only a very sinall amount of feed-back is 
necessary to start oscillation. To assure a stable 
amplifier, it is usually necessary to load the 
grid circuit, or to use a neutralizing circuit. A 
neutralizing circuit is one external to the tube 
that balanc(.s the voltage fed back through the 
grid-plate capacitance, by another voltage of 
opposite phase. 

Fig. 6-20A shows how a screen-grid am-
plifier may be neutralized by the use of an 
inductive link line coupling the input and output 
tank circuits in proper phase. The two coils 
must be properly polarized. If the initial connec-
tion proves to be incorrect, connections to one 
of the link coils should be reversed. Neutralizing 
is adjusted by changing the distance between the 
link coils aml the tank coils, once correct polari-
zation has been determined. A wrong connection 
will cause the amplifier to oscillate still more 
strongly. In the case of capacitive coupling, one 
of the link coils will be coupled to the plate tank 
coil of the driver stage. 
A capacitive neutralizing system for screen-

grid tubes is shown in Fig. 6-2011. C2 is the 
neutralizing condenser. The capacitance should 
be chosen so that at some adjustment of C2, the 
ratio of C2 to CI equals the ratio of the tube 
grid-plate capacitance to the grid-cathode capac-
itance. If CI is 0.001 mfil., then 

1000 C., 
C2 = 

The grid-cathode capacitance must include all 
strays directly across the tube capacitance, in-
cluding the capacitance of the tuning-condenser 
stator to ground. This may amount to 5 to 20 
µbad. In the case of capacitance coupling, as 
shown in Fig. 6-20C, the output capacitance of 
the driver tube must be added to the grid-
cathode capacitance of the amplifier in arriving 
at the value of C, If C2 works out to an im-
practically large or small value. CI can he changed 
to compensate by using combinations of fixed 
mica condensers in parallel. 

Neutralizing Adjustment 

The procedure in neutralizing is essentially 
the saine for all types of tubes and circuits. 
The filament of the amplifier tube should be 

L, 
(A) 
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lighted and excitation from the preceding stage 
fed to the grid circuit. There should be no plate 
voltage applied to the amplifier. 
The immediate objective of the neutralizing 

process is reducing to a minimum the r.f. driver 
voltage fed from the input of the amplifier to 
its output circuit through the grid-plate capac-
itance of the tube. This is done by adjusting 
carefully, bit by bit, the neutralizing condenser 
or link coils until an r.f. indicator in the output 
circuit reads minimum. 
The di.viee shown in Fig. 6-19 makes a sensitive 

neutralizing indicator. The link should be coupled 
to the output tank coil at the low-potential or 

DRIVER 

+ BIAS-

(c) 

AM P. 

+5.6.- + KV. 

Fig. 6-20— Screen-grid neutralizing circuits. A — In-
ductive-link neutralizing. B — Capacitive neutralizing. 
Ci — Grid by-pass condenser — approx. 0.001-pfd. 

mica. \ oltage rating same as biasing voltage in 
B, same as driver plate voltage in C. 

C2— Neutralizing condenser — approx. 2 to 10 aad. 
— see text. Voltage rating same as amplifier 
plate voltage for c.w., twice this value for plate 
modulation. 

Li, L2 — Neutralizing link — usually a turn or two will 
be sufficient. 
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"ground" point. Care should be taken to make 
sure that the coupling is loose enough at all 
times to prevent burning out the meter or the 
rectifier. The plate tank condenser should be 
readjusted for maximum reading after each 
change in neutralizing. 
A neon bulb touched to the " hot" end of 

the tank coil will glow if enough feed-through 
voltage is developed across the tank, but it is a 
less-sensitive device. Another disadvantage is 
that its use introduces capacitance across one 
side of the circuit which may unbalance the 
circuit, thus giving an inaccurate indication. 
A more satisfactory indicator than the neon 

bulb is a flashlight bull) ( the lower the power 
the more sensitive) connected at the center of a 
turn or two of wire coupled to the tank coil at 
the low-potential point. Its sensitivity is poor 
compared with tlw inilliammeter-rectifier. 
The grid-current milliammeter may also be 

used as a neutralizing indicator. If the ampli-
fier is not neutralized, t here will be a large dip 
in grid current as the plate-tank tuning passes 
through resonance. This ( lip in grid current re-
duces as neutralization is approaehed until at 
exact neutralization all change in grid current 
should disappear. 
When neutralizing an ant ilifier of medium or 

high power, it may not be possible to bring the 
reading of the root tir indicator down to zero, 
but a minimum point in the adjustment of the 
neut ralizing control should Is found where higher 
rem hugs are obtained on either side. The plate 
tank circuit should be kept tuned for maximum 
reading at all times. 

Grid Loading 

The use of a neutralizing circuit may often be 
avoided by loading the grid circuit if the driving 
stage has some power capability to spare. Load-
ing by tapping the grid down on the grid tank 
coil (or the plate tank coil of the driver in the 
case of capacitive coupling), or by a resistor from 
grid to cathode is effective in stabilizing an 

(A) (B) 

(C) 

Fig. 6-21 — A — Usual parasitic circuit. B — Resistive 
loading of parasitic circuit. C — Inductive coupling of 
loading resistance into parasitic circuit. 

amplifier, but either device will increase v.h.f. 
harmonics. The best loading system is the use of 
a pi-section filter, as shown in Fig. 6-18B. This 
circuit places a capacitance directly between grid 
and cathode. This not only provides the desirable 
loading, but also a very effective capacitive short 
for v.h.f. harmonics. A 100-mpfd. mica condenser 
for Cs, wired directly between tube terminals 
will provide sufficient loading for most grid tubes. 

tubes. 

V.H.F. Parasitic Oscillation 

Unless steps are taken to prevent it, parasitic 
oscillation in the v.h.f. range will take idace in 
almost every r. f. power amplifier. The heavy lines 
of Fig. 6-21A show the usual parasit ii tank cir-
cuit, which resonates, in most cases. it ween 150 
and 200 Mc. If a small coil, L„, is added, as shown 
in B, it becomes a portion of the parasitic cir-
cuit. This portion of the parasitic circuit can then 
be loaded to suppress the v.h.f. oscillation. 
From the consideration of TV!, the coil should 
not be so large that it tunes this circuit lower 
than 100 Mc., preferably 120 Mc. A coil of 4 or 
5 turns, inch in diameter, is a good starting 
size. With t he tank condenser t urned to maxi-
mum capacitance, the circuit shouhl be checked 
with a g.d.o. to make sure t he resonance is above 
100 Mc. Then, with the shortest possible leads, 
a noninductive 100-ohm 1-watt resistor should be 
connected across t he en tire coil. The amplifier 
should be tuned up to its highest-frequency band 
and operated at low voltage. The tap should be 
moved a little at a time to find the minimum 
number of turns required to suppress the para-
sitic. Then voltage should be increased until the 
resistor begins to feel warn) after several minutes 
of operation, and the power input noted. This 
input should be compared with the normal input 
and the power rating of the resistor increased by 
this proportion; i.e., if the power is half normal, 
the wattage rating should be doubled. This in-
crease is best math by connecting 1-watt carbon 
resistors in parallel to give a resultant of about 
100 ohms. As power input is inereaseil, tlw para-
sitic may start up again, so power should be 
applied only monwntarily until it is made cer-
tain that the parasitic is still suppressed. If the 
parasitic starts up again when voltage is raised, 
the tap nmst be moved to hadn't( more turns. 
So long as the parasitic is suppressed, the re-
sistors will heat up only front the operating-
frequency current. 

Since the resistor can be placed across only that 
portion of the parasit h circuit represented by 4, 
the latter should form as large a portion of the 
circuit as possible. Therefore, the tank and by-
pass condensers should have the lowest possible 
inductance and the leads shown in heavy lines 
should be as short as possible and of the heaviest 
practical conductor. This will permit L,, to be of 
maximum size without tuning the circuit below 
the 100-Mc. limit. 
Another arrangement that has been used suc-

cessfully is shown in Fig. 6-21C. A small turn 
or two is inserted in place of Lp and this is cou-
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pled to a circuit tuned to 
the parasitic frequency and 
loaded with resistance. The 
heavy-line circuit should 
first be checked with a g.d.o. 
Then the loaded circuit 
should be tuned to the same 
frequency and coupled in to 
the point wi lore t he parasitic 
maws. The t WO Oa, Vall be 
wound on the same form 
anfI t he coupling varied 
by sliding one of them. 
Slight retuning of the 
loaded circuit may be re-
quired after coupling. Start 
out with low power as be-
fore, until the parasitic is 
suppressed. Since the loaded 
circuit in this case carries 
much less operating-fre-
quency current, a single 
100-ohm 1-watt resistor 
will often be sufficient and 
a 30-fflfd. mica trimmer 
should serve as the tuning 
condenser, C,,. 

Low-Frequency Para-
sitic Oscillation 

The screening of most 
transmitting screen-grid 
tubes is sufficient to pre-
vent low-frequency para-
sitic oscillation caused by 
resonant circuits set up by 
r.f. chokes in grid and plate 
circuits. Should this type 
of oscillation (usually be-
tween 1200 and 200 kc.) 
occur, see section under 
triode amplifiers. 

• PARALLEL-TUBE 
AMPLIFIERS 

The circuits for parallel-
tube amplifiers are the 
same as for a single tube, 
similar terminals of the 
tubes being connected to-
gether. The grid imped-
ance of two tubes in par-
allel is half that of a single 
tube. This means that 
twice t he grid tank capaci-
tance shown in Fig. 6-16 
should be used for the same 
Q. The plate load resist-
ance is halved so that the 
plate tank condenser ca-
pacitance for a single tube 
(Fig. 6-9) also should be 
doubled. The total grid cur-
rent will be doubled, so to 
maintain the same grid 
bias, the grid-leak resist-

AMP. DRIVER 

RFC2 

—BIAS+ +H.V 
DRIVER 

(B) 
Fig. 6-22 — Push-pull screen-grid amplifier circuits. 

A — Inductive-link coupling. B — Capacitive coupling. 
Ci — Split-stator grid tank condenser — see text and Fig. 6-17 for capacitance, 

Fig. 6-30 for voltage rating. 
Ca — Split-stator plate tank condenser — see text and Fig. 6-9 for capacitance. 

Fig. 6.29 for voltage rating. 
C3 — Grid by-pass condenser — 0.001-gfd. disk ceramic. 
C4, C5 — Filament by-pass — 0.001-wfd. disk ceramic. 
Cs, C7 — Screen by-pass — 0.001-gfd. disk ceramic or mica. Voltage rating de-

pends on maximum voltage to which screen may soar, depending on how 
it is supplied. Voltage rating equal to plate voltage will he safe in any case. 

C8 — Plate by-pass — 0.001.gfd. disk ceramic or mica. Voltage rating saine as 
plate voltage for c.w.; twice this value for plate modulation, phis safety 
factor. 

CD — Driver plate tank condenser — see section on simple capacitive coupling 
with single tube. For saine Q, each sect  should have half the capaci-
tance.-hown in Fig. 6-9. Voltage rating of each section should lw twice 
d.c. plate voltage of driver. 

Cii — Coupling condenser — 50- to 150-ggfd. mica. Voltage rating twice 
driver plate voltage. 

C12 — 0.001-afd. disk ceramic or mica. Voltage rating same as plate voltage plus 
safety factor. 

Ci 3 — See text. 
Li, La — To resonate at operating frequency. See LC chart in miscellaneous-data 

chapter and inductance formula in electrical-laws chapter, or use ARM-
Lightning Calculator. 

1.3, L4 — Coupling links — reactance equal to feed-line impedance. See reactance 
chart in miscellaneous-data chapter and inductance formula in electrical. 
laws chapter. 

L5 — Neutralizing links — usually a turn or two will be sufficient. 
ItFC1 — 2.5.rnh. r.f. choke, to carry grid current. 
RFC2 — 2.5-mh. r.f choke to carry plate current. 
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115 V. A.C. 

ance should be half that used for a single tube. 
The required driving power is doubled. The ca-
pacitance of a neutralizing condenser, if used, 
should be doubled and the value of the screen 
dropping resistor should be cut in half. In treating 
parasitic oscillation, it may be necessary to use 
individual chokes in each plate and grid lead. 
rather than one in the common leads. Input and 
output capacitances are doubled, which may be 
a factor in efficient operation at higher fre-
quencies. 

• PUSH-PULL AMPLIFIERS 
Circuits for push-pull amplifiers are shown in 

Fig. 6-22. With this arrangement both grid-
input impedance and optimum plate load re-
sistance are doubled. For the same Q, each 
section of the split-stator tank condensers should 
have half the capacitance for a single tube 
drawing the same total plate current and having 
the same grid impedance shown by Figs. 6-9 and 
6-17. This means that the total tank-circuit 
capacitance is one-quarter that for a single tube 
and that the inductances of the tank coils must 
be quadrupled to resonate at the same frequency. 
Other values remain the same, except that the 
total grid, screen and plate currents will be 
twice the values for a single tube and the stage 
will require twice the driving power. 

In Fig. 6-22A, inductive link coupling is shown. 
The neutralizing circuit is shown in heavy lines 
and may not be necessary. Fig. 6-22B shows 
capacitive coupling to the grids. The driver in 
this ease must be provided with a balanced 
output circuit. To maintain balanced excitation, 
it may be necessary to place C13, shown in dashed 

Fig. 6-23 — Con Ilert ions for 
tubes in pic-b- poll hen lila-
ineni-types are used. The 
condensers CI si Id be 
0.001-afd. disk ceramic, one 
placed dose to each fila-
ment terminal. T1 is the 
filament transformer. 

lines, across the lower portion of the circuit to 
balance the driver-tube output capacitance across 
the upper half. The remainder of circuit B is the 
same as A. If a neutralizing link is needed, it 
should be coupled at the center of the driver 
plate tank coil. 

It is advisable to use separate screen and 
heater by-pass condensers, especially when TV! 

is a factor. Fig. 6-23 shows equivalent " cathode" 
connections to be substituted when filament-type 
tubes are used. Also, individual v.h.f. parasitic 
chokes will be necessary. 

Balance in Push-Pull Amplifiers 

Proper push-pull operation requires an ac-
curate balance between the two sides of the 
circuit. Otherwise the dissipation will not be 
distributed evenly between the two tubes, 
one being overloaded if an attempt is made to 
operate the amplifier at full rating. Unbalance 
is indicated when the grid and/or plate cur-
rents are not equal and, if serious, is accompa-
nied by a visible difference in the color of the 
tube plates. If interchanging the tubes does 
not change the unbalance, the circuit is not 
symmetrical electrically. 

If the coil center-tap in split-stator tank cir-
cuits is sufficiently well-isolated from ground, 
the balance will depend upon the accuracy of 
capacitance balance in the tank condensers, 
the length of leads connecting the tubes to the 
condenser tincluding the return lead from rotor 
to filament) and the settings of the neutraliz-
ing condensers. Unbalance in th p plate circuit 
will seldom influence the balance in the grid 
circuit, but the opposite may not be true. Length-
ening one or the other of the leads between the 
tubes and the tank condenser will alter the bal-
ance, particularly in the plate circuit. In ex-
tremes it may be necessary to place a trimmer 
across one section of the split-stator condenser. 
Small differences often may be taken care of by 
a readjustment of the neutralizing condensers, 
possibly to slightly unequal settings. Otherwise, 
the neutralizing condensers are adjusted to-
gether, keeping the capacitances as equal as 
possible at each step. 

• FREQUENCY MULTIPLIERS 
Single- Tube Multiplier 

Output at a multiple of the frequency at 
which it is being driven may be obtained from 
an amplifier stage if the output circuit is tuned 
to a harmonic of the exciting frequency instead 
of to the fundamental. Thus, when the fre-
quency at the grid is 3.5 Mc., output at 7 Mc., 
10.5 Mc., 14 Mc., etc., may be obtained by 
tuning the plate tank circuit to one of these 
frequencies. The circuit otherwise remains the 
same as that for a straight amplifier, although 
some of the values and operating conditions 
may require change for maximum multiplier 
efficiency. 

Efficiency in a single- or parallel-tube multi-
plier comparable with the efficiency obtainable 
when operating the same tube as a straight 
amplifier involves decreasing the operating 
angle in proportion to the increase in the order 
of frequency multiplication. Obtaining output 
comparable with that possible from the same 
tube as a straight amplifier involves greatly 
increasing the plate voltage. A practical limit 
as to efficiency and output within normal tube 
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ratings is reached when the multiplier is oper-
ated at maximum permissible plate voltage 
and maximum permissible grid current. The 
plate current should be reduced as necessary 
to limit the dissipation to the rated value by 
increasing the bias. High efficiency in multi-
pliers is not often required in practice, since 
the purpose is usually served if the frequency 
multiplication is obtained without an appreci-
able gain in power in the stage. 

Multiplications of four or five sometimes are 
used to reach the hands above 28 Mc. from a 
lower-frequency crystal, but in the majority of 
lower-frequency transmitters, multiplication 
in a single stage is limited to a factor of two or 
three, because of the rapid decline in practi-
cably obtainable efficiency as the multiplica-
tion factor is increased. Screen-grid tubes make 
the best frequency multipliers because their 
high power-sensitivity makes them easier to 
drive properly than triodes. 

Since the input and output circuits are not 
tuned close to the same frequency, neutraliza-
tion usually will not be required. Instances 
may be encountered with tubes of high trans-
conductance, however, when a doubler will 
oscillate in t.g.t.p. fashion, requiring the intro-
duction of neutralization. The link neutralizing 
system of Fig. 6-201 is convenient in such a 
contingency. 

Push-Pull Multiplier 

A single- or parallel-tube multiplier will de-
liver output at either even or odd multiples of 
the exciting frequency. A push-pull multiplier 
does not work satisfactorily at even multi-
ples because even harmonics are largely can-
celed in the output. On the other hand, ampli-
fiers of this type work well as triplers or at 
other odd harmonics. The operating require-
ments are similar to those for single-tube 
multipliers. 

Push-Push Multipliers 

A two-tube circuit which works well at even 
harmonics, but not at the fundamental or odd 
harmonics, is shown in Fig. 6-24. It is known as 
the push-push circuit. The grids are connected 
in push-pull while the plates are connected in 
parallel. The efficiency of a doubler using this 
circuit may approach that of a straight ampli-
fier under similar operating conditions, because 
there is a plate-current pulse for each cycle of 
the output frequency. 

This arrangement has an advantage in some 
applications. If t he heater of one of the tubes is 
turned off, making the tube inoperative, its 
grid-plate capacitance, being the same as that 
of the remaining tube, serves to neutralize the 
circuit. Thus provision is made for either 
straight amplification at the fundamental with 
a single tube, or doubling frequency with two 
tubes as desired. 
The grid tank circuit is tuned to the frequency 

of the driving stage and should have the same 
constants as the grid tank circuit of a push-pull 

RFC 

2 

Outpul 

-sus +5 V. 

Fig. 6-24 — Circuit of a push-push frequency multiplier 
for even harmonics. 
CILI and C2L2 — See text. 
Ca — Plate by-pass — 0.001.gfd. disk ceramic or mica. 

Voltage rating equal to plate voltage plus 
safety factor. 

RFC — r.f. choke. 

amplifier (see Fig. 6-22). The plate tank circuit 
is tuned to an even multiple of the exciting fre-
quency, usually the second harmonic, and should 
have the same values as a straight amplifier for 
the harmonic frequency ( see Fig. 6-9), bearing in 
mind that the total plate current of both tubes 
determines the C to be used. 

• TRIODE AMPLIFIERS 
Circuits for triode amplifiers are shown in 

Fig. 6-25. Neglecting references to the screen, 
all of the foregoing in applies equally 
well to triodes. All triode si rai gh t am pl i fiers must 
be neutralized, as Fig. 6-25 indicates. From the 
tube tables, it will be seen that triodes require 
considerably more driving power than screen-
grid tubes. However, they also have less power 
sensitivity, so that greater feed-back can be tol-
erated without the danger of instability. 

Low-Frequency Parasitic Oscillation 

When r.f. chokes are used in both grid and 
plate circuits of a triode amplifier, the split-
stator tank condensers combine with the r.f. 
chokes to form a low-frequency parasitic circuit., 
unless the amplifier circuit is arranged to prevent 
it. In the circuit of Fig. 6-25B, the amplifier grid 
is series fed and the driver plate is parallel-fed. 
For low frequencies, the r.f. choke in the driver 
plate circuit is shorted to ground through the 
tank coil. In Figs. 6-25C and D, a resistor is sub-
stituted for the grid r.f. choke. This resistance 
should be at least 100 ohms. If any grid-leak re-
sistance is used for biasing, it should be substi-
tuted for the 100-ohm resistor. 

• TUNING A TRANSMITTER 
Fig. 6-26 shows where milliammeters and volt-

meters may be connected to obtain desired read-
ings. Metering of all stages is usually not neces-
sary except for initial adjustments. After pre-
ceding stages have been adjusted for proper 
operating conditions, a transmitter can often be 
tuned up using only grid- and plate-current 
milliammeters in the final-amplifier circuit. 

While cathode metering often is used for rea-
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sons of safety to the operator and meter insula-
tion, it is frequently difficult to interpret read-
ings that are the resultant of three currents, one 
of which may be falling while the other two are 
increasing. Fig. 6-27 shows a commonly-used 
system for s‘vitching a single meter to read cur-
rent in any of several different circuits. The re-
sistors, R, are connected in the various circuits 
in place of the milliammeters shown in Fig. 6-26. 
Since the resistance of R is several times the in-
ternal resistance of the milliammeter, it will have 
no practical effect, upon the reading of the meter 
itself. 
When the meter must read currents of widely 

differing values, a meter with a range sufficiently 
low to accommodate the lowest values of current. 
to be measured may be selected. In the circuits 
in which the current will be above the scale of 
the meter, the resistance of R can be adjusted 
to a lower value which will give the meter read-
ing a multiplying factor. (See chapter on measure-
ments.) Care should be taken to observe proper 
polarity in making the connections between the 
resistors and the switch. 
The first step in adjusting each stage is to 

check for parasitic oscillation as discussed earlier. 
The second step is to adjust neutralizing if neu-
tralization is required. 
While it is usually possible to make all initial 

tuning adjustments of low-power stages with 
plate voltage applied, it is preferable to discon-
nect the plate voltage until adjustments of ex-
citation have been made. Starting with the oscil-
lator, its output tank circuit should be resonated 
as indicated by a dip in the plate-current reading 
(see Fig. 6-3), or by a maximum reading of grid 
current to the following stage if it is coupled ca-
pacitively. Both readings should occur simul-
taneously. At this point, the frequency of the 
oscillator output should be checked with an 
absorption wavemeter to make sure that it is 
tuned to the desired band. If transmission-line 
coupling is used, the coupling to the grid of the 
amplifier should first be adjusted for minimum 
standing-wave ratio as described earlier. After 
this adjustment, the coupling at the oscillator 
end of the line only should be altered. If the 
amplifier grid current is much above rated value, 
the coupling to the oscillator should be reduced. 
Conversely, if the amplifier grid current is low, 
coupling should be increased. As the coupling is 
increased, the oscillator should draw more plate 
current and the dip at resonance should become 
less pronounced, as indicated in Fig. 6-3. If it is 
possible to increase the coupling to the point 
where the oscillator plate current is up to the 
rated value and yet the required grid current is 
not op to rated value, the biasing voltage should 

DRIVER 
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7-P1) 
-H.V.+ 
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Fig. 6-25 — .runielitier circuits. A — Link coupling, single tube. 11— Capacitive coupling, single tube. 
C — I.ink coupling. pu-h-pull. I) — Capacitive coupling, push-pull. Aside from the neutralizing circuits, which are 
mandatory su itli trinni., ihe circuits are the same as for screen-grid tubes, and should have the smint• aloes through-
out. The neutralizing condenser, CI, should have a capacitance somewhat greater than the grid -plate capacitance 
of the tube. Voltage rating should be twice the d.c. plate voltage for e.w., or four times for plate modulation, plus 
safety factor. The re-•istance Ri should be at least 100 ohms and it may consist of part or preferably all of the grid 
leak. For other component values, see similar screen-grid diagrams. 
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Fig. 6-26 — Diagrams showing placement of voltmeter and mil-
liammeter to obtain desired measurements. A — Series grid feed, 
parallel plate feed and series screen voltage-dropping r,-i-tor. 
It — Parallel grid feed, series plate feed and screen s oit age 

be measured with a high-resistance (20,000 ohms 
per volt) voltmeter. If the stage has a simple 
biasing resistor from grid to ground, connect a 
2.5-mh. r. f. choke in series with the voltmeter 
prod going to the grid. The bias should be meas-
ured with the stage operating under excitation. 
If the biasing voltage measures too high, :my 
fixed 111:1+ should be reduced and then, if neces-
sary, the grid-leak resistance. If the driver is 
operating up to rated plate current aml rated 
grid current cannot be obtained with the re-
quired bias, the indication is that the screen 
and/or plate voltage of the oscillator must Is' 

raised if this can be done with safety to the oscil-
lator tube. Ilowuver, it should be borne in mind 
that even if an intermediate stage is under-
driven, it still may furnish the required driving 
power for the following stage. Therefore, it is, 
of course, advisable to check this before making 
any drastic changes in the oscillator. 
The same process is followed in tuning up fol-

lowing amplifier stages, step by step. If there is 
any difficulty in obtaining the desired exeitation 
to any particular stage, be sure that the screen 
voltage of the driver stage is up to normal as dis-
cussed earlier in the section on screen-grid con-

siderations. If the excitation is adjusted 
first without plate and screen voltages 
it may be found that the grid current 
will change when these voltages are ap-
plied and the stage is loaded. It is nor-
mal for grid current to drop somewhat 
when these voltages are applied and 
still further when the load is coupled, 
especially with triodes. When this oc-
curs, exCitation should be increased, to 
bring tlp• grid current hack to rated value. 

If it is found that grid current in-
creases when the plate tank circuit is 
tuned slightly to the high-frequency 
side of resonance, this indicates regener-
ation. This may be of little consequence 
in exciter stages so long as oscillation 
does not result under any normal tuning 
comlition. But in the final amplifier, 
especially if it is to be modulated, it is a 
condition to be avoided by better shield-
ing or more accurate neutralization. 
The main objective in the end, of 

course, is to obtain adequate excitation 
to the final amplifier and, in general, 
any adjustment of earlier stages that 
will produce this result without over-
loading anywhere along the line will be 
satisfactory. In conservative design, the 
full power capability of the exciter 
stages may not be needeil. In the inter-
ests of v.h.f. harmonic rug It ti' it is 
desirable to provide an excitation con-
trol si) that the excitation to thv final 
amplifier can be limited to that neces-
sary for satisfactory operation. This 
can be in the form of a potentiometer 
control of the screen voltage of the first 

C KT. I 
-LAMA% 

CKT. 2 

I A 

CST. 3 CKT. 4 CKT. 5 

—•-•-+AMAAr•-• 

Ii. n-.17 Method of switching a single milliammeter. 
The R, should he 10 to 20 tintes the internal 
resistance of the meter; 17 ohms will usually he satisfac-
tory. Si is a 2-section rotary switch. Its insulation 
should he ceramic for high voltages, and an insulating 
coupling should always be used between shaft and 
control knob. 
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stage after the oscillator. 
Then reduction in screen 
voltage of this stage will 
reduce excitation all along 
the line, which is desirable. 

• MEASURING 
POWER OUTPUT 

Tile power output of 
any transmitter stage can 
be cheeked with reason-
able accuracy by simply 
coupling an ordinary lamp 
to the output tank circuit 
and comparing its bril-
liance with that of another 
lamp of the same size 
operating from a.c. Since 
it is difficult to judge 
power accurately when 
the lamp is over or under 
normal brilliance, the 
lamp 8(.1(.0(41 should have 
a wattage rating as close 
as possible to that ex-
pected fruto the amplifier. 
Flashlight bulbs can be 
used for low power. At 
frequencies above 7 Mc. 
sufficient coupling usually 
is obtained by connecting 
the lamp in series with a 
few turns of wire that can be slipped over or 
inside the tank coil, as shown in Fig. 6-28A. But 
at 3.5 and 7 Me., it is usually necessary to tap 
the bulb directly acrtss a portion of the tank coil, 
as shown at B. WAR NING! Don't forget the high 
voltage when tapoitu a sines-fed lank circuit. The 
coupling should be adjusted until the plate cur-
rent at resort:wee is the rated loaded value for 
the tube. A more accurate dummy load is de-
seribed in (1ST for March, 1951, page 32. 

• COMPONENT RATINGS AND 
INSTALLATION 

+KV 

(G) 

Plate Tank- Condenser Voltage 

In seleet lug a tamk condenser with a spacing 
bet wee,' plates sufficient to prevent volt age 

+Hy. +Hy. 

(A) (B) 

Fig. 6-28 — L sing a lamp bulb for an approximate 
check on the output of an oscillator or amplifier. 'Fine 
coupling should he adjusted to make the stage draw 
rated plate current when tuned to resonance. Special 
caution si Id be used in tapping the lamp directly on 
the coil when series plate feed is used. Always turn off 
the poner before making a change in the (Up. 

(B) 
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(c) 

+H.V 

(F) 

Fig. 6-29 — Diagrams showing 
the peak voltage for which the 
plate tank condenser should he 
rated for c.w operation with va-
rious circuit arrangements. E is 
equal to the d.c. plate voltage. 
The values should be doubled for 
plate modulation. The circuit is 
assumed to he fully loaded. Cir-
cuits A, C and E rvoluin• that the 
tank condenser be insulated f  
chassis or ground, and from the 
control. 

breakdown, the peak r.f. voltage across a tank 
circuit under load, but without modulation, 
may be taken conservatively as equal to the 
d.c. plate voltage. If the d.c. plate voltage also 
appears across the tank condenser, this must 
be witted to the peak r. f. voltage, making the 
total pea k voltage twice the d.c. plate voltage. 
If the amplifier is to be plate- modulated, this 
last value must be doubled to make it four 
times the d.c. plate voltage, because both d.c. 
and r. f. voltages double with 100- per-cent 
plate modulation. At the higher plate voltages, 
it is desirable to choose a tank circuit in which 
the d.c. and modulation voltages do not ap-
pear across the tank condenser, to permit the 
use of a smaller condenser with less plate 
spacing. Fig. 6-29 shows the peak voltage, in 
terms of d.c. plate voltage, to be expected 
across the tank condenser in various circuit 
arrangements. These peak-voltage values are 
given assuming that the amplifier is loaded to 
rated plate current. Without load, t peak n. f. 
voltage will run much higher. Since a c.w. 
transmitter may be operated without load 
while adjustments are being made, although a 
modulated amplifier never should be operated 
without load, it is sometimes considered logical 
to select a condenser for a c.w. transmitter 
with a peak-voltage rating equal to that re-
quired for a 'phone transmitter of the same 
power. However, if minimum cost and space 
are considerations, a condenser with half the 
spacing required for ' phone operation can be 
used in a c.w. transmitter for the same carrier 
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output, as indicated under Fig. 6-29, if power 
is reduced temporarily while tuning up with-
out load. 

In the circuits of Fig. 6-29C, D and E the 
rotors are deliberately connected to the posi-
tive side of the high-voltage supply, eliminat-
ing any difference in d.c. potential between 
the rotors and stators. 
The plate spacing to be used for a given 

peak voltage will depend upon the design of 
'ihe variable condenser, influencing factors 
being the mechanical const ruction of the unit, 
the dielectric used and its placement in re-
spect to intense fields, and the condenser-plate 
shape and degree of polish. Condenser manu-
facturers usually rate their products in terms 
of the peak voltage between plates. 

Plate tank condensers should be mounted as 
close to the tube as temperature considerations 
will permit to make possible the shortest capaci-
tive path from plate to cathode. Especially at 
the higher frequencies where minimum circuit 
capacitance becomes important, the condenser 
should be mounted with its stator plates well 
spaced from the chassis or other shielding. In 
circuits where the rotor must be insulated from 
ground, the condenser should be moutite I on 
ceramic insulators of size commensurate wit h t he 
plate voltage involved and — most import: o to t of 
all, from the viewpoint of safety to the operator 
— a well-insulated coupling should be used be-
tween the eondenser shaft and the dial. The sec-
tion of the shaft attached to the dial should be well 
grounded. This can be done conveniently through 
the use of panel shaft-bearing units. 

Grid Tank Condensers 

In the circuit of Fig. 6-30, the grid tank con-
denser should have a voltage rating approxi-
mately equal to the biasing voltage plus 20 per 
cent of the plate voltage. In the balanced circuit 
of B. the voltage rating of each section of the 
condenser should be this same value. 
The grid tank condenser is preferably mounted 

with shielding between it and the tube socket for 
isolation purposes. It should, however, be 
mounted close to the socket so that a short lead 
can be passed through a hole to the socket termi-
nal. The rotor ground lead or by-pass lead should 
be run directly to the nearest point on the chassis 
or other shielding. In the circuit of Fig. 6-30A, 
the same insulating precautions mentioned in 
connection with the plate tank condenser should 
be used. 

Plate Tank Coils 

The inductance of a manufactured coil usu-
ally is based upon the highest plate-voltage/ 
plate-current ratio likely to be used at the 
maximum power level for which the coil is de-
signed. Therefore in the majority of cases, the 
capacitance shown by Figs. 6-9 and 6-17 will be 
greater than that for which the coil is designed 
and turns must be removed if a Q of 12 or more 
is needed. At 28 Mc., and sometimes 14 Mc., the 
value of capacitance shown by the chart for a 

high plate-voltage/plate-current ratio may be 
lower than that attainable in practice with the 
components available. The design of manufac-
tured coils usually takes this into consideration 
also and it may be found that values of capaci-
tance greater than those shown ( if stray capaci-
tance is included) are required to tune these 
coils to the band. 

Ittlitifactured coils are rated according to the 
plate- power input to the tul )e or tubes when the 
stage is loaded. Since the circulating tank current 
is much greater when the amplifier is unloaded, 
care should be taken to operate the amplifier 
conservatively when unloaded to prevent damage 
to the coil as a result of excessive heating. 
Tank coils should be mounted at least their 

diameter away from shielding to prevent a 
marked loss in Q. Except perhaps at 28 Mc., it is 
not important that the coil be mounted quite 
close to the tank condenser. Leads up te 6 or 8 
inches are permissible. It is more important to 
keep the tank condenser as well as other compo-
nents out of the immediate field of the coil. For 
this reason, it is preferable to mount the coil so 
that its axis is parallel to the condenser shaft, 
either alongside the condenser or above it. 

Plate-Blocking and By-Pass Condensers 

Plate-blocking condensers should have low 
inductance: therefore condensers of the mica 
type are preferred. For frequencies between 3.5 
and 30 Mc., a capacitance of 0.001 µfd. is com-
monly used. The voltage rating should be 25 
to 50 per cent above the plate-supply voltage. 
Wherever their voltage rating will permit (500 

volts), 0.001-afd. disk ceramic condensers should 
be used as by-passes, since, when applied cor-
rect ly ( see TVI chapter), they are series resonant 
in the TV range and therefore are an important 
measure in filtering power-supply leads. For 
higher voltages, use 0.001-pfd. mica by-passes. 

R.F. Chokes 

The r. f. choke in parallel plate feed must have 
high impedance at the operating frequency to 
avoid loss. In multiband transmitters, if it is 
found that the choke heats excessively on one 
or more bands, the only solution is to use a dif-
ferent choke for these bands. 

—Bias 

(A) 
— Bias 

Fig. 6.30 — The voltage rating of the grid tank con-
denser in A should be equal to the biasing voltage plus 
about 20 per cent of the plate voltage. This same rating 
should be applied to each section of the split-stator 
condenser in B. 

(B) 
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A One-Tube Transmitter for the Beginner 

Figs. 6-31 through 6-40 show the details of a 
simple and inexpensive low-power 80-meter trans-
mitter with power supply. It is designed par-
ticularly (or the Novice or beginner. The entire 
must ruct iii of both units ran be carried out with 
a minimum of skill and tools, since no holes need 
be drilled. It has tut input ts.ting of about 10 
watts and can be operated using almost any 
random length of win. as :11111•111M. 

Under the diagram of t he transmitter in Fig. 
6-35 are the values of parts uset1 in the circuit. In 
addition, an oetttl tube sttuket ( Amphenol type 
77MIP8), a Type 6AG7 tube, a crystal socket 
(Millen type 33102), a pair of small control 
knobs, six 1,1•,-inch metal angles or brackets 
(shown in Fig. 6-32 and obtainable in most leu rd-
ware or dime stores), a length of small-tlianieler 
cambric tul dug known at radio stores as " spa-
ghetti" and a few soblering lugs, machine su - ri  
and nuts will be needed. A small piece of wi toil is 
used for the lelse. Also required is a fiber lug 
strip measuring 1,L:?, inches between mounting 
holes. Some types have three terminals. If there 
are four, one can be ignored. 
The assembly is started by making a pair of 

brackets for mMuding the crystal, as shown in the 
foreground of Fig. 6-32. They are mule of pieces 
of No. 14 antenna wire 2 inches total length, 
with a loop bent tit each end to'miss t he mounting 
screws. When complete, the centers of the loops 
should be about 13, inches apart . The tube socket 
is mounted at the end holes of one pair of the 
angle pieces wit No. 6-32 machiire screws. 
The socket is turned so that its No. 1 prong is 
to the left. Slipped onto each mounting screw 
in order are the angle piece, the tube socket, a 
soldering lug pointing downward, the wiw bracket 
for the crystal socket, a soldering lug pointing 
upward and filially the mit. The top ends of the 
wire brackets are bent over at right angles and 
twisted arounil as neressary to mat eh the mount-
ing holes in the crystal socket. The crystal socket 

is fastened to the loops with Y2-inch No. 4 ma-
chine screws and nuts. 
The terminal lug strip is mounted temporarily 

with screws through the holes in the angle pieces 
below the socket. A soldering lug is placed under 

Fig. 6-32 — First steps in assembly, showing the man-
ner in which the angle pieces are fastened to the base-
board. \loch of the wiring can be done before fastening 
to the baseboard as described in the text. I'he pair of 
looped ire, in the foreground show how the crystal-
socket supports are made. 

the head of the screw to the right as viewed from 
the rear of the socket. 

Before proceeding with the assembly, it will 
be easier to do as much of the wiring as possible. 
Comparing Figs. 6-35 and 6-36 as you go along 
will help you to understand schematic diagrams. 
All connections shown by a " ground" symbol 
indicate connections to the metal framework. It 
should be possible to make most of the connec-
tions to the tube and crystal sockets as well as 

• 

Fig. 6-31— The completed Noviee 
transmitter with tube and crystal in 
place. The strips of wood at front and 
back are safety barriers. CS is to the 
left, C9 to the right. 

• 
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Fig. 6-3,4 — Bear view showing the 
mounting of the terminal - trip. From 
left to right, the terminal, are for key, 
heater and positive high It age. The 
lug to the extreme left is for connec-
t' s to thr other side of heater, the 
other side of the key and negative 
high voltage. 

• 

to the terminal strip at this stage. Where neces-
sary, a lead with more than sufficient length can 
be attached and left hanging free until later as-
sembly makes it possible to attach the other end. 
Wiring is most easily Mate with bare No. 22 wire, 
although insulated wire can be used if the ends 
are scraped for connections. Whenever there is 
danger of wires touching each other or other metal 
parts, a piece of spaghetti should be slipped over 
the wire I,efore the second end is soldered. 
The dial lamp is mounted in the following 

manner. A pieee of bare wire is wound around the 
shell of the bull) in two or three of the threaded 
grooves. The wire should be heavy enough to 

Fig. 6-33 -- Th, iee transmitter ju-t hrfurr tumult 
jog the variable condensers and coil. All wiring is corn 
pide except for connecting one side of C7. 
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support the bulb. One end of the wire is cut off 
close to the shell, while a lead of about an inch is 
left at the it her end so that it van soli bred to 
tu,' outer terminal of RFC2 NVIWII the latter is 
mounted. One lead \vim of /?,1 is iut It t length of 
about all inch aml covered with spaghett i. This 
end is soldered to the sir], hir tip at the venter of 
the base of the bulb, taking care not to spread 
the solrler around so that the tip is shorted to the 
shrill. 
The two angle pieces shown toward the front in 

Fig. 6-32 are adrled arid the assembly is fastened 
in the iiiinter of the baseboard with short wood 
serews in such a position that the tips of the lugs 
on tile terminal st rips are even with the rear edge 
of the 1i:tsp. One of the two remaining angle pieces 
is attached to each of the variable condensers, Cg 
and C9, with a short 6-32 screw at the threaded 
front mounting hole in the base of the condenser, 
so that the shaft of the condenser will be pointing 
toward the front %Own the angle piece is fastened 
to the bast.. Be sure that tlai screws are not, so 
long that they go through and short against the 
stator plates of the condensers. Attach a solder-
ing lug to Pitch angle piece at the hole below the 
condenser, rear mounting holes in the bases 
of the condensers are mattilie,1 up with the lit des 
in the angle pieces already mounted on the base. 
Then I he last t wo angle pieces a re fastenet I to the 
baseboard. The condenser to the left is Cg and 
the one to the right, C9. 'HIV free end of C7 is 
connected to Cs at the nearest rear stator as-
sembly nut, placing a soldering lug under the nut 
if necessary. 
Now the serew holding one end of the terminal 

strip should be removed and one of the r. f. chokes 
attached at the saint. hole. Prgairied with the wir-
ing and then mount the other choke. The end of 
Cg marked " Positive" should go to the outer end 
of RFCii. 
The coil is mounted between the two top front 

variable-condenser stator supports. First remove 
the specified number of turns from each end of 
the coil, being careful not to break the plastic 
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Fig. 6-35 — Circuit diagram of the Novice one-tuber. 
— 47-agfd. mica. 

C2 — 220-pafd. mica. 
C3, CS, C7, CIO, CII — 0.001-51d. disk ceramic. 
C4 — 10-pfd. 50-volt miniature electrolytic. 
Co — 0.01-afd. disk ceramic. 
Cg, C9 — 150-mafd. variable ( National ST-150). 
Bi — 15,000 ohms, watt. 
112 — 22,000 ohms, 1 watt. 
113 — 15,000 ohms, 10 watts. 
114 — 100 ohms, % watt. 
—45 5h. — 70 turns No. 24, 1-inch diameter, 2% 

inches long (13 & W :3016 with 13 turns removed 
from each end). 

— 2.5-volt 60-ma, dial lamp, screw base. 
RFC', 111:C2 — r.f. choke ( National 11100S or 

Millen 34102). 
Xtal — Crystal between 3700 and 3750 ke. 

supporting strips. Now bend a piece of fairly 
heavy wire around the ends of one of the sup-
porting strips. Solder the ends of the coil winding 
to these pieces of heavy wire, being careful to 
keep the plastic strip in shape if it softens. Place 
a soldering lug under each of the top front stator 
nuts of the variable condensers. By bending the 
lugs and the ends of the terminal wires in the 
right way, the ends of the plastic strip will rest 
on the ceramic stator insulators where they can 
be fixed with Dun) cement. The ends of the three 
remaining supporting strips can be cut off close 
to the winding. The rear upper stator terminal of 

Ground 
Lugs 

To stator 
of Cs 

Lief front from Right front from 

Fig. 6-36 — Picture diagram of the wiring of the Nov-
ice transmitter. 

L. Ground 
Lugs 

RFC2 RFC, 
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Cg, the condenser to the right, is the antenna ter-
minal. A piece of flexible hook-up wire about two 
feet long should be soldered to each of the lugs 
on the terminal strip and two lengths of similar 
wire to the grounding lug at the end of the 
terminal strip. 
A small strip of wood 1U inches high and the 

length of the baseboard should be nailed along the 
rear edge of the base. This and a similar strip 3Y4 
inches long at the front between the two variable 
condensers serve as barriers to prevent accidental 
contact with points where there might be danger 
of shock where high voltage is exposed. 

Power Supply 

Figs. 6-37 through 6-40 show the construction 
of a simple power supply for the transmitter. In 
addition to the parts listed under Fig. 6-38, you 
will need another tube ,:.,,• 1;et and four terminal 

Transmitter and Power Supply 

Measurements 

Power Supply 
Output voltage at minimum load, key open — 415 
Output voltage at full transmitter load — 355 

Transmitter 
Antenna disconnected, key open — lamp-drain only 
— 27 nia. 

Antenna disconnected, tuned to resonance, key 
closed — total current 40 nia. 

— plate and screen currents 13 ma. 
— plate current 6 ma. 

Antenna connected, loaded to maximum, tuned to 
resonance — total current 63 ma. 

— plate and screen currents 40 ma. 
— plate current 32 nia. 
— screen current 8 ma. 
— screen voltage 180 
— plate watts input 11.4 

strips similar to those used in the transmitter, a 
Type 5Y3GT rectifier tube, a piece of a.c. lamp 
cord with plug, four 1-inch hardware-store angle 
pieces and a few strips of 1-by-2 wood (actual 
dimensions about 9 X 1% inches). 
Cut two pieces of the wood 12 inches long. Lay 

the two pieces side by side with their wide faces 
down. Measure the total width of the two pieces 
and add 1% inches. This measurement is neces-
sary because the exact width of the wood may 
vary slightly. Cut two 0101e pieces to the length 
calculated. This will be approximately 43 s inches. 
Separating the two 12-inch pieces by exactly 1% 
inches, nail one of the short crosspieces on edge 
under each end. Use 1Y,-inch finishing nails. 
Then, turning the base upside down, fasten a 1-
inch angle piece under each end of each long 
piece. 

Underneath, across the strips, near each end, 
fasten the input and output lug terminal strips. 
The switch is a regular wall switch, mounted with 
wood screws, and commonly seen in hardware 
and dime stores. Space the switch, the power 
transformer, the rectifier-tube socket and the 
filter choke evenly along the top side of the base. 
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Fig. 6-37 — A simple power supply 
for th., Novice transmitter. From left 
to rigid, the filter choke, Li, the recti-
fier, tlw power transformer and the 
switch are spaced along the wood 
framemork ha-,. 

Center the units across the wood strips and fasten 
them down with wood screws. 

Under the power transformer and between the 
two groups of wires coming from the bottom of the 
transformer, fasten two more lug terminal strips 
across the base. These should be placed about 2 
inches apart, or about a half inch more than the 
length of the filter condensers. Fasten the two 
filter condensers between the two outside pairs of 
terminals on the strips, as shown in hg. 6-39. 
The ends of the condensers marked " Negative" 
should go toward the switch end of the unit. 

'1'he wiring may be followed by referring to 
Figs. 6-38 and 6-3b. In connecting the wires from 
the transmitter to the power supply, correspond-
ingly numbered terminals should be cabled to-
gether. The frame side of the key connects also 
to terminal 4, while terminal 1 on the trans-
mitter connects to the other side of the key. After 
the wires have been connected, they can be 
bound together in a cable with pieces of Scotch 
tape. 

Testing 

Plug the power plug into a wall outlet. Turn the 
power switch on. Make it a habit never to touch 
any part of the transmitter or power .supply, except 
the insulated controls, until the power switch has 
been turned off. Although both transmitter and 
power supply are designed so that the dangerous 
parts are not readily accessible, every caution 
should always be praet iced in handling electrical 
equipment of any kind. When the power switch 
is turned on, the filament of the rectifier tube 
should light up immediately. After a minute or 
two, turn the two tuning condensers so that their 
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rotor plates are fully meshed with the stators 
(maximum capacitance). With the key pressed, 
the indicator lamp should light up to approxi-
mately normal brillianee. Now start turning the 
input condenser Cs to the left slowly while you 
watch the lamp. When the plates are half out 
or more, the lamp should dim noticeably. It 
should become bright again as you continue to 
turn the output condenser in the same direction. 
The center of the point where the lamp is dim-
mest is called resonance. 

Antenna 

A full-size antenna for 80 meters is a wire that 
measures about 125 feet from the transmitter to 
the far end. As much of this length as possible 
should be run horizontally as high above the 
ground as possible. Where space is restricted, 
shorter lengths down to 50 or 60 feet should work 
well. The transmitter will feetl power into a wire 
as short as 5 feet but, naturally, the transmitting 
range will be restricted with an antenna as short 
as this. 

Often there will be a tree or garage to the rear 
of the house that can be used as a support for 
the far end of the antenna. The wire can be run 
from such a support to an anchorage as high as 
possible on the house and thence through a 
window to the transmitter. 

No. 14 enameled wire is suggested for the an-
tenna, although almost any wire that will sup-
port its own weight may be used. The wire must 
be insulated from supports at all points. You can 
use glass or porcelain antenna insulators at the 
far end and at the point where it is attached to 
the house. Keep the lead-in part of the wire clear 

Fig. 6-38 — Circuit diagram of the power 
supply for the Novice transmitter. 
CI, C2 — 8-gfd. 500-volt midget elec-

trolytic. 
Ri — 0.1 megohm, 2 watts. 
— 8-h. 40-ma. filter choke (Thordarson 

T20052). 
— 115-volt a.c. wall switch. 
— Power transformer: 350-0-350 r.m.s., 

70 ma.: 5 v., 2 amp.; 6.3 v., 2.5 amp. 
(Thordarson TS-24R02). 
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of the building or other objects. In bringing the 
wire in through the window, it can be passed 
in over the top of the upper sash, or under the 
lower sash. When the window is closed, the lead-
in will be held in place. Slip a length of spaghetti 
over the wire where it contacts the window frame. 
Make the wire on the inside just long enough 
to reach to the transmitter output terminal. 
This terminal is the top rear stator nut of the 
output eondenser, C,. Aside from this connection, 
keep the antenna wire away from the transmitter 
and power supply. It is advisable to run the wire 
vertically :iway from the transmitter for at least a 
foot or two. 

If an outside wire is impossible, you can run a 
wire through two or three rooms, near the ceiling, 
or even around three sides of the molding in the 
operating room. 

Adjustment 

With the antenna connected, set the two con-
densers at maximum as before. Slowly rotate 
the input condenser (C8) to the point where the 
lamp is at its dimmest point. With the antenna 
connected, the lamp probably will not dim as 
much as it does without the antenna. Now re-
duce the capacitance of the output condenser (CO 
until the lamp begins to brighten. Then readjust 
the input condenser to the dimmest point. Go 
back and reduce the output condenser a bit more 
until you can notice the light brighten a little. 
Then again readjust the input condenser to the 
dimmest point. As you repeat this process, you 
will notice that the lamp grows brighter at its 
dimmest point. This indicates that the antenna 
is taking power. The proper adjustment is one 
where the dimming of the lamp is just noticeable 

4 
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Fig. 6-40 — Bottom view of the power 
supply, showing the mounting of the 
filter condensers, terminal strips, 
bleeder resistor and the wiring. 

• 

as the input condenser is tuned. Set the input 
condenser as exactly as possible it this point. 

In general, the longer the antenna wire, the 
less critical the condenser adjustment becomes. 
This applies particularly to the output condenser. 
For any wire longer than 40 or 50 feet, the output 
condenser usually will be set near minimum. With 
short wires, the setting of the output condenser 
especially will be quite critical and very slight 
adjustments will make considerable difference in 
how bright the lamp gets at resonance. 

Second-Harmonic Radiation 

Under certain adjustments, second-harmonic 
output may be accentuated. It is advisable when 
putting the transmitter on the air to test with 
another station 25 to 50 miles away, asking the 
operator to listen at twice the operating fre-
quency to make sure that second-harmonic out-
put is not excessive. From this consideration, it 
is better to avoid antenna lengths between about 
35 and 55 feet. Second-harmonir output can be 
reduced by connecting a wave( rap tuned to the 
second harmonic in series with the antenna. 
Such a wave trap may consist of a coil of 2.25 
ult. ( 12 turns of No. 18 wire, 1 inch in diameter, 
turns spaced to make the coil length 1 inch, for 
example), a 150-add. mica condenser, and a 
100-add. variable condenser all connected in 
parallel. The antenna should be cut a foot or so 
from the transmitter and the two ends of the 
antenna wire connected to the two terminals of 
the variable condenser, one wire going to the 
stator plates and the other to the rotor plates. 
The variable condenser in the trap should be 
adjusted until the second-harmonic signal at a 
distant point disappears or drops to minimum. 

Red and Yellow Green and Yellow 
(Not used) 

Fig. 6-39 — Picture diagram of the wiring of the power supply. 
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A Novice 807 Amplifier 

Figs. 6-41 through 6-46 show the construction 
of a simple amplifier that may be added to the 
oscillator of Fig. 6-31. The circuit is shown in 
Fig. 6-42. 
An 807 is used here, although a surplus 1625 

would work as well if a 12-volt filament supply is 
provided. R1 is the grid leak that furnishes bias 
for the amplifier grid. R2 is the series resistor that 
reduces to proper value the voltage applied to 
the screen. C2 augments the output capacitance 
of the pi-section tank of the oscillator to provide 
proper coupling, but, more important, it is very 
effective in reducing TVI and stabilizing the am-
plifier at the operating frequency. Two cathode 
by-pass condensers are used, C4 for v.h.f. and C5 
for the operating frequency. The plate is parallel 
fed through RFC2. Ji is provided as a resonance 
indicator. L1 is a small coil required to suppress 
oscillation in the v.h.f. range. Cg and L2 form the 
output tank circuit tuning to the operating fre-
quency. CIO and L3 comprise the antenna tuning 
and coupling system. /2 is a flashlight bulb used 
as an output indicator. 

Construction 

The complete transmitter, including the crys-
tal-oscillator unit of Fig. 6-31, is assembled on a 
board 19 inches long and 5 inches wide. The board 
is covered with copper (or bronze) window screen-
ing. The screening should be cut two or three 
inches wider and longer than the board. It is 
stretched across the top side and tacked fast 
underneath. The top surface of the screen should 
be sandpapered thoroughly. 
The oscillator unit should first be nailed or 

screwed to the baseboard at the left-hand end. 
Connections should be made to the Millen type 
33005 tube socket before it is mounted, as shown 
in the sketch of Fig. 6-44. The two shielded wires 
shown should be long enough to reach to the key 
and power supply. After pushing back the shield-
ing of one piece to expose the inner conductor, 
the shielding is soldered to Pin 5, while the inner 

Fig. 6-41 — Front 
view of the No‘ ice 
amplifier showing 
the r.f. indicator 
pick-up loops and 
the mounting of the 
grid choke and grid. 
leak resistor. 
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conductor goes to Pin 1. The shielding serves as 
the grounded side of the filament line. Similarly, 
the inner conductor of the second piece of shielded 
wire goes to Pin 4 and its outer conductor is used 
as the grounded side of the key circuit. Both 
outer conductors should be grounded close to the 
socket as described later. Make sure that the 
parts under the socket are mounted so that there 
will be no danger of a short circuit when the 
socket is mounted. 
The socket is fitted with a Millen type 80008 

shield can. Then the assembly is mounted on 
1-inch tubular spacers with long wood screws to 
the baseboard. Make sure that none of the con-
necting wires (except the shield braid) touches the 
ground screening, the metal mounting spacers or 
the metal flange on the socket. 
The free end of the grid choke, RFC', is fas-

tened to an insulated terminal of a small lug strip. 
The grid leak, RI, and the grid by-pass condenser, 
Cit, are fastened at the same point, while the free 
ends of both are soldered to a grounding lug on 
the strip. 
The plate choke, RFC2, is threaded into the 

top of a National type GS-1 pillar insulator that 
can be fastened to the base with small wood 
screws. L1 is inserted between the choke and the 
plate cap of the tube. The plate cap should be of 
the insulated type. Wires are soldered to the 
terminals of 13 and it is connected between the 
bottom terminal of the choke and an insulated 
terminal of a small lug strip fastened to the base-
board behind the choke. The free end of R2 and 
a length of shielded wire, with the shield braid 
grounded to the base screen at the lug-strip 
mounting screw, also are soldered to the same 
terminal. The three shielded wires are bunched 
together at this point and the outer shields an-
chored to a soldering lug screwed to the base-
board. 
The plate tank condenser, Cg, is mounted on 

dime-store angle pieces screwed directly to the 
baseboard. These measure 2 inches on each leg. 
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Fig. 6-42 — Circuit diagram of the Novice amplifier. 
CI, Ca, C4, CS, C7 — 0.001-pfd. disk ceramic. 
CS — 100-ppfd. mica. 
CS — 0.01-pfd. disk ceramic. 
CS — 0.001-pfd. 1000-volt mica. 
— 250. or 300-ppfd. variable (National TMS-250 

or T M S-300). 
Cis — 300-pfd. variable (National TMS-300). 
Ri — 15,000 ohms, ,V2 watt. 
112 — 50,000 ohms, 10 watts. 
1.1 — 1 ph. — 25 turns No. 24 enam., 35s-inch diam., 

1/2 inch long ( National R.33 choke). 
1.2 — 9 ph. — 15 turns No. 16, 11/¡ inches long, 2-inch 

diam. (1) & Vi 3907 strip coil). 
La — 15 ph. — 22 turns No. 16, 2% inches long, 2-inch 

diam. ( 11 8, NI 3907 strip coil). 
1.4, L.5 — See text. 
— 150-ma. dial lamp. 

12 -- 60-ma, dial lamp. 
It FCI — 2.5-mh. r.f. choke ( National 11-50). 
R FC2 — 2.5-nth. r.f. choke (Millen 34101). 

A soldering lug fastened at one of the lower 
bracket holes makes a convenient ground con-
nection for the two shielded wires from the tube 
socket. 
The two coils, L2 and L3, are mounted, end to 

end, as close together as possible on four Na-
tional type GS-I insulators. Two soldering lugs 
placed at the top of each of the insulators make 

connections convenient to the coil ends and the 
circuit. The antenna condenser, C10, is fastened 
to the tops of two similar insulators by the use of 
small 1-inch angle pieces. 
L5 is a single turn of reasonably heavy wire 

connected between the ungrounded end of L3 
and the stator terminal of C10. L4 is a similar turn 
of wire covered with spaghetti and with /2 con-
nected in series to complete the ring. L4 is then 
banded to LE, with pieces of Scotch tape. 
The input terminals of the amplifier should 

be connected across the output condenser of the 
oscillator unit, the stator terminal of the con-
denser connecting to the grid of the amplifier. 

Adjustment 

The amplifier can be worked on almost any 
power supply delivering up to 750 volts, the 
power output obtainable being in proportion ap-
proximately to the plate voltage. The supply 
diagrammed in Fig. 6-45 represents an economical 
compromise. It delivers 700 volts under load. It 
is preferable to operate the heater of the 807 
from the oscillator power supply, so that the 
oscillator can be adjusted without plate voltage 
on the amplifier. It is also preferable to key the 
amplifier only, although both stages may be 
keyed simultaneously by connecting the keying 
leads in parallel. If amplifier keying is used, a 
toggle switch should be connected across the 
oscillator keying leads so that the oscillator may 
be turned off during receiving periods. 
The output condenser of the oscillator should 

be turned to full capacitance and left there. ( If 
a high-resistance voltmeter is available, it should 
be connected across the amplifier grid leak.) 
Turning on the oscillator power supply only 
(807 heater operating from this supply), and 
closing the oscillator and amplifier key circuits, 
the input condenser should be adjusted for the 

Fig. 6-43 — Hear 
view of tlu. Nov ire 
amplifier showing 
the mounting of 
the plate choke, 
blocking e ten-
ser and plate by-
pa.S e01111ellSer. 
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To Fil. 

Fig. 641 — Picture diagram of connections to the 807 
socket (bottom vie‘v)• 

point of minimum brilliance of the oscillator 
tuning-indicator lamp. (At this adjustment, the 
biasing voltage should be 50 or 60 volts.) 
When the amplifier power supply is turned on 

and the key closed, the indicator lamp in the 
high-voltage lead of the amplifier should light. 
Tuning the amplifier plate tank circuit to reso-
nance will cause the light to dim or go out en-
tirely. The tank condenser should lw set at the 
center of tlw range over which the lamp is out or 
dimmest. The key should not lw held chtsed 
longer than it takes to tune to resonattee because 
the screen heats dangerously when the tube is 
not loat led. Resonance should be found at about 
three-quarters maximum capacitance of Cg. A 
second resonance point may be found near mini-
mum capacitance, but this point should be 
avoided in tuning up the transmitter. It is the 
second-harmonic resonance point. 

Antenna Tuning 

The antenna-tuning system is designed to work 
with random lengths of wire between about 25 
and 100 feet, but other types of antennas may be 
used. A water pipe or other good ground should 
be connected to the ground output terminal. 

15V.A.0 

Fig. 6-1.5 — Circuit diagram of a suitable power supply 
for the Novice amplifier. 

C2, Co, — 8.5fd. 150-volt tubular electrolytic. 
112, Ito, 114 — 0.22 megohm, 1 watt. 

Li — 10-its. 110-ma. filter choke. 
Si — S.p.s.t. toggle switelt. 
Ti — Power transformer: MO-0-600 volts r.m.s., 200 

ma.; 5 volts, 2 amp.: 6.3 volts, 2.5 amp. 

L, 

HV. 

6.3V 
 o 

Leaving the plate tank condenser set at reso-
nance, as described earlier, connect the antenna, 
close the key and tune the antenna condenser, 
Co, through its range. At some point, the an-
tenna indicator lamp should come to a peak of 
brilliance, dimming on either side. The con-
denser should be set at the point of maximum 
brilliance. If the lamp burns too brightly, loosen 
the coupling between the loops by placing wood 
or cardboard spacers in between. Now, without 
touching the antenna tuning, swing the plate 
tank condenser back and forth through reso-
nance. At resonance, the plate-current bulb 
should dim noticeably, increasing brightness on 
either side. If resonance cannot be found by the 
dimming point, the antenna coupling should be 
loosened by bending the antenna coil slightly for-
ward toward the antenna t lining condenser. Use 
the tightest coupling t hat ro,,tilts in a, ‘vell-defined 
dip in the plate-current bulb at resonance. Leave 
the plate tank condenser set at the center of the 

(A) 

(B) 

(C) ® 12 

Fig. 6.46 — If a wire longer than 100 feet is to be used 
as an antenna, the antenna condenser should be con-
nected in parallel with the coil, as shown at A. For two. 
wire feeder stems, the connections of either II or C 
should be used, depending on the dimensions of the an-
tenna system. 

dimming point. (If a d.c. plate-current milliam-
meter with a scale of 150 ma. or more is available 
and is connected in series with the positive high-
voltage lead to the amplifier, the coupling should 
be set at the point where the plate current is 
110 ma. when both antenna and plate tank 
circuits are tuned to resonance.) 

If a single-wire antenna longer than 100 feet is 
used, it will be necessary to connect the antenna 
condenser across the antenna coil, as shown in 
Fig. 6-46A. It will also be necessary to connect the 
indicator lamp in series with the antenna wire. 
Antennas fed with two-wire lines, as described 
in the antenna chapter, can also be used by shift-
ing the connections as shown in Figs. 6-46B and 
C. Depending on how long the system is, the 
indicator lamp may have to be coupled with a 
loop as previously described, rather than con-
nected directly in the feeder as shown. Otherwise, 
the lamp may burn out or show no indication, 
depending on whether it comes at a current loop 
or voltage loop in the antenna system. 
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A Single-Control Low-Power Transmitter 

Figs. 6-47 through (1-53 show the circuit and 
constructional details of a 40-watt two-stage 
transmitter that requires the adjustment of 
only one tuning control. The crystal oscillator 
uses a modified Pierce circuit. The use of band-
pass couplers in the output circuit of this stage 
makes it unnecessary to retune when changing 
frequency and at the same time provides in-
ductive coupling as a measure toward reducing 
v.h.f. harmonies. The coupling between the two 
circuits is adjusted to give the desired broadband 
response and then fixed in that position. It is 
possible to arrive at an adjustment where the 
amplifier grid excitation is substantially constant 
over any given band and drops off quite sharply 
outside the band edges. 
The output stage is a conventional 807 am-

plifier normally working straight through on 
the output frequency of the oscillator, except 
for 28 Mc., although it will double frequency 
to any of the lower-frequency bands. RFC3 
and Rg are parasitic suppressors. The amplifier 
grid leak, R5, is connected in series with the 
grid tank circuit , since the coupler provides an 
opportunity to avoid parallel grid feed. RFC% 
and C12, RP% and C13 are v.h.f. harmonic 
filters. 
The unit is designed to operate from a single 

power supply delivering 300 to 450 volts. To 
avoid the need for fixed bias on the output 

stage, both stages are keyed simultaneously in 
the common cathode lead. The octal socket used 
as a crystal mounting also provides a means of 
feeding a \TO into the unit. Connections are 
shown in Fig. 6-52. 

Construction 

The transmitter is built in a standard 5 X 9 X 
6-inch steel utility box. Most of the parts are 
mounted on an aluminum plate cut to fit the in-
side of the box and supported from its sides by 

-inch angle brackets as shown in the bottom 
view of the unit, Fig. 6-49. The plate is mounted 
35; inches above the bottom of the box. Two 
ventilating holes aro cut t ! trough the ! date near 
the front of the loox, and additional vents are 
punched through the top and bottom covers of 
the box. These hooks permit air to circulate 
through the entire box, yet do not reduce the 
effectiveness of t lii hielo ling. 
The sockets for t h t 6A(17 and for the Idug-in 

bandpass coupler are mounted in line, 1 WI 
inches from the rear of the aluminum plate. 
The socket for the 807 is mount col in a Millen 
bracket assembly ( 80007) trimmed down to 
fit below in a horizontal position. It is placed so 
that the grid terminal is ;”:¡ inches from tloto rear 
of the box, allowing adequate space for mounting 
the small parts in the oscillator circuit, yet re-
taining the desired short r.f. leads. 

An ortal socket used to hold the crys-
tal and to ponneet a VFO, an octal plug 
for power input connections, and a 
coaxial output connector are mounted 
at the rear, centered 1 j4. inches above 
the bottom edge. The key jack and a 
panel light are mounted on tloto front, 
spaced Of, inches above the bottom 
edge. 
The top view of the transmit ter, Fig. 

6-17, shows tito' arrangement of t he plate 
tank circuit of the 807 stage. five-prong 
veramir socket for the iolate roils 
is suiworted above the ( leek by :_¡-inch 
coy:tulle stand-off insulators ( National 
(is 11), 43,', hullo's behind We front 
of the box. The tuning 000ndenser is 
mounted on ceramic button-type in-
sulators ( National XS-6 immediately 
in front of the coil socket. The rotor 

Fig. 6-47 — iront view of the transmitter 
with co% er returned. 'I'he tank ir, lin for the 
807 amplifier occupies the front v. on partment, 
with the 6.1G7 oscillator and the plug-in 
bandpass coupler at the rear. entilation for 
the tubes is obtained through holes punched 
in the top, bottom, and the interior n lllllll ting 
plate which supports the various components. 
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6 
Xtol 

OSC.-DEILR. 

— 114  
4AG7 

6AG7 807 

A 
2 

6.3V A.C. 

33, 7,or 14 Mc. 
L, L2 

  6.3V.A£. 

Fig. 6-48 — Circuit diagram of a 
utilizing bandpass coupling and 

CI, Cs, C2 — 0.01-ufd. disc ceramic. 
C:2 — 0.005-0d. disc ceramic. 
C3 —  25-upfd. mica. 
Ca, C12, C13 —  0.001-pfd. disc ceramic. 
C3, Ca —  3-30 $sa[d. air-dielectric trimmers (Phillips). 
C7 —  100-gpfd. mica. 
Cio — 300-gad. transmitting variable (National TMS-

300). 
Cla — 0.001-pfd. mica, 1200 v. d.c. working. 
Ri —  47,000 ohms, watt. 
112 — 330 ohms, 1 watt. 
lia — 47,000 ohms, I watt. 
lia — 10,000 olams, 5 watts, wire-wound. 
— 22,000 ohms, I watt. 

Ra — 47 ohms, 2-watt carbon. 
107-20,000 ohms, S s art:. i ire-wound. 
1. — Primary, bandpa-- coupler. 

3.5 Mc. — 40 turns No. 30 d.s.c., close-wound, 
diam. form. 

7 Mc. — 16 turns No. 26, d.s.c., close-wound, 
1' :¡-inch diam. form. 

14 Mc. — 9 turns No. 20 d.s.c., close-wound, 
11/j-inch diam. form. 

L2 — Secondary, bandpass coupler. Wound on same 
form as Li, spaced as indicated. 

shaft of this condenser must be insulated from the 
front panel because it carries the full plate-supply 
voltage. The shaft is 1% inches above the alumi-
num plate when mounted as described, and passes 
through the front of the box 2 inches below the 
top. The two leads that connect the condenser 
to the tube and to the plate by-pass condenser 
pass through the mounting plate in poly-
styrene feed-through bushings such as the Na-
tional type TPB. 
An aluminum partition 3% inches high divides 

the top portion of the box into two compartments. 
This provides shielding between the bandpass 
coupler to the rear and the plate coil of the 807 
in front. These two coils are mounted at right 
angles to each other as additional insurance 
against feed-back. 
The coaxial output link runs from the 

prongs of the coil socket through a Ws-inch 
hole in the plate to the output connector on 
the rear of the box. Both ends of the shield 
braid of this link circuit should be grounded to 
the chassis. 
The components used to filter the d.c. leads 

A MR -DKR 
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two-stage four-band transmitter 
including TVI-reducing filters. 

3.5 Mc. — 35 turns No. 30 d.s.c., close-wound, 
k-inch separation from Li. 

7 Mc. — 15 turns No. 26 d.s.e., close-wound, 
9/16-inch separation from Li. 

14 Mc. — 9 turns No. 20 d.s.c., close-wound, 
k-inch separation from Li. 

La — Plate coil for 807 stage. (All are Bud type OEL 
coils). 

3.5 Mc. — OEL-40. (28 turns No. 18, 1 953 inches 
long, 1k-inch diam.) 

7 Mc. — OEL-20. (14 turns No. 16, 1k inches 
long, 1 k-inch diam.) 

14 Mc. — OE L-15. (8 turns No. 16, IN inches 
long, 1 k-inch diam.) 

28 Mc. — OEL-6. (4 turns No. 12, 2 inches long, 
3z-inch Siam.) 

— 6.3-volt pilot lamp. 
J1 — Octal socket, ceramic. 
12 — Closed-circuit jack. 
.13 — Coaxial connector, female. 
Pi — Octal plug, panel mounting. 
RFC', RFC2-2.5-mh. r.f. choke (National R-100-S). 
RFC8 — r.f. choke (Ohmite Z-144). 
RFC4, RFCs — 7-5h. r.f. choke (Ohmite Z-50). 

(RFC4, RFC5, C12, and C13) are mounted as close 
as possible to the points where the leads pass 
through the shield enclosure, using very short leads 
from the condensers to ground. Parasitic-sup-
pressing choke RFC3 is mounted right at the grid 
terminal of the 807 socket, and Rs, which also 
has a part in eliminating parasitics, is mounted 
between the screen-grid terminal and a small 
tie-point bolted to the mounting bracket. 
Screen by-pass condenser Cg is connected from 
this tie-point to the cathode pin on the tube 
socket. Plate by-pass condenser C11 is placed 
behind the 807, between it and the mounting 
plate which serves as ground. The lead from 
the " high" side of this condenser to the plate 
tank circuit passes through a bushing imme-
diately below the plate cap of the 807. 

All heater and d.c. wiring is made with 
shielded wire, with the braid grounded at each 
end. The screen dropping resistor R7, and R4, 
which reduces the supply voltage to the proper 
level for the oscillator, are mounted on tie-points 
near the octal power plug in the lower right-hand 
corner in the bottom view of Fig. 6-49. 
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The circuit diagram of a power supply for this 
transmitter is shown in Fig. 6-53. It is conven-
tional with condenser-input filter. A separate 
filament transformer is provided so that the plate 
supply may be turned off independently. 

Bandpass Couplers 

Three couplers are needed to use the trans-
mitter in four amateur bands. One coupler is 
designed to provide excitation across t In• entire 
3.5-4- Mc. band, another for the 7 7.3- Mc. 
band, and the third from 14 to 14.9 Me. This 
latter range is considerably in excess of what 
would be required for coverage of the 14- Me. 
band alone. The extension at the high-fre-
quency end of t he range is necessary if the 
transmitter is to operate in the 28-Me, band, 
because for output in this range, the 807 stage 
must be operated as a doubler from the 14- Mc. 
excitation supplied to its grid circuit. 

In crystal-controlled operation, 3.5- Mc. 
fundamental crystals may be used for output 
in the 3.5- and 7-Mc. bands, and 7-Me. crys-
tals for output in the 7-, It-, and 28- Mc, 
bands. In insta tires where a V FO is used to 
replace the crystal. the 6AG7 stage should be 
used as a frequency doubler to eliminate the 
possibility of oscillation. 
The photograph of Fig. 6-50 and the sketch 

of Fig. 6-51 show how the bandpass couplers 
are constructed and wired. The Phillips trim-
mers are especially well adapted for this use, 
since they are readily mounted by inserting 

I. lg. 6-49 — Bottom ieu of the transmitter. 
The 807 socket is mounted in a cut-down 
commercial bracket, with the sockets for the 
6AG7 and the bandpass coupler spaced below 
and to either side of it. Arranged along the 
rear of the box are the crystal socket, the out-
put jack, and the power plug. 

• 

and soldering their spike terminals, 
along with the coil ends, into the pills of 
the National Type .\ H-5 coil forms. It is 
highly important that t he windings be 
made as close as possible to the dimen-
sions given under Fig. 6-1 It is IS lim ps 
advisable to not make t h uns tun snug 
on the form so t hat t Iii ist :wee between 
the coils can be given a fund ailjustment 
should this be found necessary. 
The adjutntettt of the hattdpass cou-

plers Cali Iii ch, eked by measuring the 
timplifier biasirig volt age as the oscillator 
is tuned across the band. This can be 
done by connecting a high-resistance 
voltmeter betii-een the 807 grid and 
ground, with a 2.5-mh. r.f. choke in 
series with the meter lead that is con-
nected to the grid. 
The checking should be done with the 

plate- and screen-voltage line to the 807 
disconnected. Choose a eryst al as close to the (atn-
ter of the baml as possible and adjust C5 and C6 
for maximum 807 grid 0 vo..age. TIn• two ad-
justments will not be entirely independent, 
because of the coupling, and some juggling 
back and forth may be required before the 
setting for maximum reading is attained. 

,i‘e, without further adjustment of the 

Fig. 6-50 — One of the ininthra-- g•gmlokr, The tuo 
trimmer condensers are mounted mide the coil form, 
with connections made as shown ill Fig. 6-51. 
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BANDPAS.S COUPLER DETAILS 

L1 +0 thru R4 

Inside Arrangement 
(Top View) 

Winding Placement 

(AG? 
Plate 

607 
Chassis Grid 

Socket Connections 

(Bottom View) 

Fig. 6-51 — 1)et ails of the bandpass couplers. The trim-
mer condensers are soldered inside of the coil form, as 
described in the text, making a simple, compact plug-in 
assembly that needs adjustment only once. 

coupler, plug in other crystals for the same 
band. If it is found that the grid voltage falls 
off considerably with crystals whose frequencies 
lie near the edges of the band, the windings should 
be moved slightly closer together and the check 
across the band made again. If it is found that 
the voltage is high near both ends of the band, 
but low in the middle, the coupling should be 
loosened. When the voltage is considerably 
higher at one end than the other, this can 
usually be corrected by trial readjustments of 
C5 and cu in small amounts. For crystal con-
trol, it is necessary to carry the adjustment 
only to the point where adequate excitation 
(at least 45 volts bias with the amplifier run-
ning and loaded) is obtained with each of the 
available crystals. If a Vie() is used, its output 
frequency should be one frequency band lower 
than the band of the coupler and the adjust-
ments will have to be more exact if uniform 
excitation across the band is desired. Some 
means should be provided for adjusting the 
output of the VFO, since excessive driving of 
the 6AG7 may have an effect on the shape of 
the excitation curve. 
Once the couplers are adjusted properly, the 

windings should be cemented in place with coil 
dope, and the rotors of the trimmers should be 
locked in position with a drop of Duco cement. 

CARIE CONNECTIONS FOR VFO OPERATION 

VFO 
Output 

Octal Plug 
(Bottom View) (Inside Vii 

Octal Socket 

C2 

1—w- To 6AG7 
Screen 

To 6AG7 
Grid 

Fig. 6-52 — Method of substituting a VFO for the 
crystal. An octal plug, wired as shown, is inserted in the 
crystal socket. 'I'he jumper between Pins 5 and 6 serves 
to ground one side of C2, thereby changing it from a 
coupling condenser to a screen; by-pass condenser. 
Excitation from the VFO is applied to the grid of the 
6AG7 through Pin 8 of the plug, which is connected to 
the center conductor of a short length of coaxial cable. 
The condenser shown at Pin 8 should be mounted inside 
the V Fo, serving as a d.c. blocking condenser. Its size 
may be any thing from 100 gad. to 0.001 gfd., with the 
smaller value being preferred. 

165 
Amplifier Adjustment 

Reconnect the d.c. screen lead to the 807 
stage, and plug a milliammeter capable of 
reading up to 200 ma. in the key jack where it 
will read the total current flowing in both 
stages. The 6A07 plate current normally will 
run between 10 and 15 ma., so this should be 
subtracted from the meter reading to deter-
mine the current flowing in the 807. Plug the 
desired coil in the 807 plate circuit, and the 
correct crystal-coupler combination in the 
oscillator stage. Connect a 25-watt lamp bulb 
to the output terminal to serve as a dummy 
load while the 807 stage is tested. 
Apply plate voltage and resonate the 807 tank 

circuit by tuning C10. The off-resonance plate cur-
rent will be very high, in the neighborhood of 200 
ma., dipping to 100 ma. or less at resonance. If it 

Fig. 6-53 — Diagram of a power supply for the single-
control low-power transmitter. 
— 2.5fd. 1000-volt oil-lilled. 

C2 — 2-gfd. min. 1000-volt oil-filled. 
Ri — 15,000 ohms, 25 watts. 
— 10 h. min., 130 ma. min. 
— Octal female plug. 

Sr, S2 - 3-amp. toggle switch. 
— Power transformer: 400 to 450 volts r.m.s. each 

side of center, 130 ma.  .; 5 volts, 3 amp. 
(6.3-volts, 1.3 amp. min, if used. See text.) 

Tz — Filament transformer: 6.3 volts, 1.5 amp. min. 

is not possible to load the 807 stage so that the 
total current indication is 100 ma. or slightly 
over, disconnect the lamp from the output 
terminal and tap it across a few turns of the 
tank coil. This should be done with the power 
off, of course! By changing the number of 
turns across which the lamp is tapped and 
re-resonating the plate circuit, it should be 
possible to obtain full loading. 
Check the keying characteristic by listening to 

the signal, or a harmonic of it, in the receiver with 
the gain turned down as far as possible and the 
antenna disconnected. With the circuit contants 
shown and active crystals, good keying should 
be obtained with both 3.5- and 7-Mc. crystals. 
If, however, the keying is sluggish, and the crystal 
doesn't start oscillating readily, the size of con-
denser C3 should be changed in 25-µpfd. steps 
until good keying is obtained. 

(See QST, Jan. 1951.) 
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A Compact 75-Watt 6-Band Transmitter 

Figs. 6-54 through 6-60 show the circuit and 
photographs of a two-stage transmitter deliver-
ing an r.f. output of 50 watts on all bands from 
:3.5 to 28 Mc., inclusive. It is complete with power 
supply and a versatile metering system on a 
11 X 7 X 2-inch chassis. Provision is made for 
connection of a VFO, a plate-atol-screen modu-
lator and also an external emergency power 
supply. 

As the circuit diagram of Fig. 6-57 shows, a 
5763 is used in a grid-plate oscillator circuit. C2 
is a mica trimmer that permits adjustment of 
oscillator excitation for proper keying and drive 
to the amplifier. Si grounds the cathode through 
C3 so that the 5763 can be driven from a VFO 
through the crystal socket. L1 is tapped to cover 

Fig. 6-55 — The oscil-
lator 1, in the 2 X 4 Y. 
-1-ineh 150% tO the left, 

ith the crystal- 1'0 
dell and 5's u; im-

mediately behind. The 
amplifier is in the 5 X 
6 X 9-inch hox. 
(Ian tom) and Cio (top) 
are  ted against 
the right - hand side .. t* 
the 110%. The eod 
socket is to the rear 
surrounded by the 1-
turn neutralizing link. 

REC4 and I. •', 

llll nediately in fr.sot 
of the coil socket. To 
the right are the two 
6‘51;Ts, the t......r 
transformer and I.a. 
The pin jaeks toys ard 
the front are metering 
jarks. The holes at the 
rear are for Yentilation. 

• 

• 

Fig. 6-54 — The complete 
75-watt 6-hand transmitter 
fits into an if X 14 X 8-inch 
cabinet. Along the bottom, 
from left to right, are the two 
power switches (Ss and Ss), 
the key jack (J7), the -oper-
ate-test- switch (Sa) and the 
erystal socket. Across the cen-
ter are the meter switch (Ss), 
the amplifier tank control (Cs) 
and the oscillator tuning con-
denser ( Cs). To the right of 
the meter at the top are the 
loading condenser (Cm) and 
the oscillator bandswiteh (S2). 
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3.5 through 28 Mc, with a switch, S2. The os-
cillator output with either 3.5- or 7-Mc. crystals, 
at either fundamental or seeond harmonic is 
more than adequate for proper drive to the 
6116 amplifier. Sufficient drive is also obtained 
quadrupling from 3.5- Mc, crystals to 14 Mc., or 
tripling to 21 Mc. from 7- Mc. crystals. Quad-
rupling from 7-Mc, crystals, however, does not 
supply adequate excitation, so frequency is 
doubled in the output stage for 27- or 28-Mc. 
operation, unless 9-Me, erystals for tripling, or 
28-Mc, crystals, are available. 

Plug-in coils are used in the output tank cir-
cuit. Since both stages are parallel-fed in the 
plate circuit, the power supply need not be 
turned off while changing coils. The amplifier is 
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rig. 6-5(i — Inside of the oscillator Inn 
f r he amplifier side. lefq:1 and C7 are 
in the foreground in this s lets. Leads 
from C., and are precut to pasS thrlindi 
to the amplifier compartment. 

neutralized by na tuns of a simple in-
ductive link system (L5 and L6). L.2 
is a v.h.f. para.:sit It suppri :tatty. 

Both stages art. 1:iyed simultane-
ously in the eat hole circuit for 
break-in operation, the key being 
plugged in at .17. 

Power Supply 

An evutiontical power supply dt°. 
livering voltages for both stages is 
included on the chassis. A voltage of 
600 (under load) for the final ampli-
fier is obtained from an inexpensive broadcast 
replacement transformer through the use of 

COIL DATA 

Oscillator LI: Wound with No. 26 enameled wire on 
1-inch diameter form ( Millen 45000) in four sections. 

1st section: 20 turns close-wound 
2nd section: 10 turns close-wound 
3rd section: 5 turns close-wound 
4th section: 4 turns spaced wire diameter 

Taps taken off between sections. Spacing between sections 
approximately 3. inch. Fourth section ( 21-28 Mc.) turn 
spacing should be adjusted to cover 30 Me. with oscillator 
condenser, C6, near minimum capacitance. 

Amplifier coils. La1.4: 

Band Wire Size Turns Turns inch 
Spare 

Between Coils 

L3 22 enam. 15 20 
.1..5 Mr. 34 in. 

L4 22 enam. 20 close-wound 

Ls 18 enam. 10 10 
7 MC. 34s in. 

L4 18 enam. 8 close-wound 

Ls 18 enam. 5 10 
/4 Mc. 0.2 in. 

L4 18 enam. 5 10 

Ls 18 enam. 3 10 
21-28 0.2 in. 
MC. 

L4 18 enam. 3 10 

Coils wound on 1%-inch cfameter forms ( National 
XR-4) with L3 at bottom and plate terminal down. See 
fig. 6-57 for issinections in oil fi rin and socket. 
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bridge rectifier circuit. The center tap of this 
system provides a voltage of 230 for operating 
the oscillator and the screen of the amplifier, the 
latter through the dropping resistor, 1{3. The 
choke, L8, in the high-voltage filter, it should be 
noted, is connected in the negative side of the 
supply. When using the built-in supply, a plug 
with the pins shorted, as indicated by the dotted 
lines, should be inserted in J8. When using an 
emergency supply, appropriate voltages can be 
introduced through JM a f ir the shorting plug has 
been removed. 

Metering Circuits 

A 1-ma. milliammeter, .1/1, is used for measur-
ing the essential currents and voltages. It is con-
neeted as a voltmeter having a full-scale range of 
5 volts by adding R4 in series. Current is de-
termined by measuring the voltage drop across 
resistors of proper value inserted in series with 
the circuits in which current is to be measured. 
This permits the use of standard resistors as cur-
rent shunts. The ranges selected here are as fol-
lows: oscillator cathode current, 50 ma.; amplifier 
grid current, 10 ma.; amplifier screen current, 20 
ma.; amplifier cathode current, 200 ma. In addi-
tion, three tip jacks mounted on the chassis can 
be selected by a test prod connected to one posi-
tion on the meter switch. One, J5, is connected to 
the power-supply low-voltage terminal through 
R13 which is a multiplier giving a full-scale meter 
reading of 300 volts. A second tip jack, J8, is 
similarly connected to the high-voltage terminal 
through a 1000-volt multiplier, R14. The third tip 
jack, J4, connects to another similar jack, J., at 
the rear of the chassis so that the meter can he 
used for external measurements, such as an 
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indivator for an s.w.r. Iridge or in an r. f. volt-
meter for checking power output. 

Test-Operate Switch 

A useful adjunct is the " test-operate" switch, 
84. In the " operate" position, the amplifier 
screen is connected to its normal supply. In the 
"test" position, the screen is grounded. This 
limits the plate current to about 15 or 20 ma. 
which results in just about the right amount of 
power to operate an s.w.r. bridge. If the 6146 is 
to be plate-screen modulated, the screen voltage 
must be obtained from the high-voltage tap 
through a dropping resistor, rather than from the 
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low-voltage tap. In this ease, the cat las le should 
never be opened while the power supply is on, be-
cause the voltage ratings of both the serecn 
and the ceramic by-pass condensers will be 
greatly exceeded. 84.4 guards against this by 
grounding the cathode through an auxiliary con-
tact of J7 when the key is removed. Then S4 
beuomes the on-ofT switch, opening both cathode 
circuits (through S4A .) and grounding the ampli-
fier screen (through SW when the switch is in 
the " test" position. To turn the oscillator on and 
close the amplifier cathode circuit for " test" use, 
a closed key, or shorted plug, must be ins:rted in 
the closed-circuit ja(k, J7. 
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I 6.5K - - The bottom 0Iate of tile 
amplifier box is fastened permanently 
to the ehassis and the amplifier par-

assembled lief' brt• fastening the 
1,0% jut itiace• ffECa is in the fore-
art I. let'C4 standing at the rear. 
Tlw coil socket at the right IS .. par,••I 
up I inches, the tube steckti • ¡ 
inch. Notice the -zero-length- leads 
to the disk eeramic condensers. 

• 

Construction 

Most of the important details of assembly are 
shown in the ¡ ti tu  As much as possii)le of 
the subassembly work in the shielding boxes is 
done before mounting the boxt-s. Coil dimensions 
are shown in the accompanying table. 'Ile neu-
tralizing coil, Ls, is made simply by drilling two 
small holes diametrically opposite close to the 
outer end of the form. A piece of rather stiff wire 
is threaded through the holes atol then the wire 
inside the form is pressed into a half-turn shape 
with the finger. Connections are made to eat-h 
end outside the form and the half-turn may be 
rotated in the holes to adjust neutralization. 

Adjustmerzt 

With the key open, the supply voltage at the 
high tap should measure about 800 volts and 300 
at the low tap. If the 5V4G is removed from its 
socket, the voltage at the low tap will be about 
400. 
With the switch set it) the " test" position, the 

oscillator tutting should be adjusted for maximum 
amplifier grid current. A reading of 4 ma. indi-
cates adequate drive, although on some bands it 
may run as high as 10 ma. If the minimum read-

ing of 4 ma. is not obtained, adjust C2. Up to a 
certain point, increasing this capacitance will 
increase the oscillator output, but too much 
feedback may result in chirpy keying. C2 should 
be adjusted for the best compromise between 

adequate drive and good keying characteristics. 
The oscillator cathode current should run 25 to 
30 nia. on all bands. 

Neutralization is adjusted by moving the half 
turn L5 closer to or farther away from the os-
cillator tank coil. With S4 in the " test" position, 
the oscillator should be adjusted for maximum 
amplifier grid current on 21 NIc., and the ampli-
fier plate tank circuit tuned to resonance. If the 
amplifier is not neutralized, there will be a notice-
able kick in grid current as the plate tank con-
denser is swung through resonance. Tlw neu-
tralizing half turn should be adjusted carefully 
for minimum change in grid current. The same 
procedure should be followed for 14 Mc. If the 
neutralizing must be readjusted, the half turn 
should be set for the best average result for the 
two bands. Tite amplifier should then be checked 
for oscillation with S4 in the " operate" position. 
Tile amplifier plate current at resonance should 
swing the meter off scale when the key is closed. 

Fig. 6-57 - Circuit diagram of the complete transmit-
ter. Dotted lines in is indicate jumpers in plug used for 
normal opera I ion. 

C7 - 220-gafd. mica. 
C2 - 3-30-µµfd. ceramic trimmer, compression type. 
C3 - mica. 
C4 - 100-pidd. mica. 
Cs - 0.002-pfd. mica. 
C6 - 50-pµfd. midget variable (Bud LC-1641). 
Cs - 0.00hpfd. mica, 1200 volts, case type CM-45. 
Cg - 233-551d. variable, 0.021-inch spacing ( Bud type 

MC- i859). 
Cts - 110-55M. variable, 0.021-inch spacing (Bud type 

NIC-185(u). 
Ctt to C27. inclusive - 0.001-gfd. disc ceramic, -inch 

tuant., 600 volts. 
C28 - 470.µµfd. mica, 1200 volts. ease type CM-45. 
C29 - Dual 8-gfd. electrolytic, 150 volts. 
Cao. Cal - 16-pfd. electrolytic, 450 volts. 
- 0.1 megohtn, t watt. 

112, 113 - 27.000 oluns, 1 watt. 
114 - 5000 ohms. I.2 watt. 
Rs - 100 ohms. , matt. 
Rg - 263 ohms 2701, t watt. 
R7 - 555 ohms .ad , att. 
Rs - 25 ohms I2 
Rg - 4700 ohm.. I \N att. 
Rio - 0.1 megolun. 1 watt. 
RH, It ta - 20,000 ohms, 10 watts. 
Ria - 0.5 megohm, watt. 

1114 -- 1 inegolutt, 1 watt. 
1.1 - See coil data. 
1.2 - 1 turns, 3/us-inch tija un., s inch long. 
1.3, 1,4, i., Ial - See coil data. 
1,7 - Filter choke. • 10 ma., 300 ohms, approximately. 
- 10.5 henrys, 110 ma., 250 ohms. 

Ft - Fuse, 2 amp. 
Jt - Crystal socket. 
J2 - Coax connector, chassis-mounting type. 
J3, J4, is. is - Tip jacks, insulated type (Amplieno 

78-11'). 
J7 - Cl"svil.circuit 'phone jack. 
J8 - Ont al .tteket. 
M t - 0-1 tie. milliammeter. 
Pu - ' Phone tip test plug. 
Si, Ss, Ss - S.p.s.t. toggle. 
S2 - Single-pole 5.position ceramic wafer (Centralab 

250)) or 25011. 
S3 - 24)01e 5-1)08iti0O bakelite wafer, non-shorting type 

(Centralab type 1105). 
S4 - D.p.d.t. toggle. 
RFC', 111:1'.2, 1111:3 - 2.5 unit., 75 ma. ( Millen 31300-

2500). 
RFC4 - 2.5 mh., 250 ma. (Millen 31102). 
Ti - Filament transforiner, 6.3 v., 1.2 atop. 
T2- Power transformer, 320 v. each side et., 120 ma.; 

5 v.. 3 amp.: 6.3 v., 3 amp. or more. 
NOTE: M anufacturer's part numbers given above are 

to indicate size anti style. Similar components are gener-
ally available from a number of different suppliers. 
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Do not close the key more than momentarily for 
this check. 
The output coupling system is designed to 

work into a flat 50- or 75-ohm line, either to an 
antenna or to an antenna tuner. The amplifier 
may be loaded to a cathode current of 140 Ma. 
on all bands except 28 Me. Under load, the ampli-
fier grid current should be adjusted to 2 to 2.5 ma. 
by &tuning the oscillator tank circuit. The 
screen current under these conditions should run 
between 10 and 12 ma. At 28 Mc., with the final 

Fig. 6-60 — Bottom 
iew of the h-band 

transmitter. The high-
voltage filter  lens-
ers, C30 and Cm, and 
their equalizing resis-
tors, Rit and Ri2. are at 
the rear of the chassis. 
Ti and 1.7 are to the 
left, with C2s and Rio 
A O% e. J is ii, the ex-

treme rear left-hand 
..... er. At top center, 
supported on moula ted 
tie points, 1 to r.. are R9, 
R2 and Ra. In t he up-
per left-hand ... alter are 

Bia and Bi4 and 1.). 
RFC', CI and C3 are to 
the right. Shielded wir-
ing- ami di-A.-ceramic 
condensers are applied 
according to method 
described in the chap-
ter on TVI. 

CHAPTER 6 
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Fig. 6-59 — Looking into the 
oscillator compartment. Li 
and S2 are at the top with Cs 
below. RPC2 and C14 are sup-
ported on a tie point in the 
foreg ttttt Ra, C2 and C4 are 
to the rear of the tube. Ca is 
soldered between Cs and the 
tube socket. RFC and C7 are 
hidden by the tube and tun-
ing condenser. 'Ile cover of 
the amplifier is hinged at the 
renter for changing coils. The 
latch at the rear engages the 
rear lip of the box so that the 
lid is drawn down tight. No-
tice the numerous ventilating 
boles. 
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amplifier doubling, the grid current should be 
adjusted to the maximum possible (5 to 6 ma. 
under load) atol the cathode current limited to 
about 120 ma. Loading can be adjusted by Cii) 
which tunes the link circuit. 

In fringe areas, a low-pass filter may be re-
quired for 21- and 28-Me. operation. On lower 
frequencies, or in the presence of good TV signals, 
the use of a ronventional antenna tuner will 
usually be adequate to suppress TVI. 

(For further details, see QST, December 1952.) 
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A 75-Watt Transmitter for 3 Bands 

Figs. 6-61 through 6-64 show the diagram and 
constructional details of a 3-stage 75-wat t trans-
mitter for the 3.5-, 7- and 14-Mc. bands. It is 
complete with built-in power supply. The shield-
ing enclosure consists of an assembly of standard 
aluminum chassis. 

Circuit 

The circuit is shown in Fig. 6-63. The oscillator 
output condenser, C7, has a sufficient range of 
capacitance to cover both 3.5 and 7 Me. The 
out put of the oscillator can be fed either directly 

Fig. 6-61 -- Front view of the 75-watt 3-band trans-
mitter, showing the interior of the amplifier enclosure. 

to the grid circuit of the final amplifier, or to the 
grid of an intermediate frequency doubler for 
14-Mc. operation. The two triode sections of the 
6N7 doubler are connected in parallel. The 
doubler is cut in and out of the circuit by a sys-
tem of crystal sockets and shorting plugs (Millen 
type 37412 with the pins wired together). When 
a shorting plug is inserted in Ji, the output of the 
oscillator is fed to the grid circuit of the amplifier. 
When this plug is shifted to J2, the oscillator j. 
connected to the doubler grid. Then a second plug 
inserted in Ja connects the output of the doubler 
to the input circuit of the amplifier. The 6N7 
cathode biasing resistor is chosen to give the same 
final-amplifier grid current as obtained on the 
lower-frequency bands. When not in use, this 
tube draws only 1 or 2 ma. 

Since an inexpensive 450-volt power supply is 
used, two 8078 are needed to attain the desired 
power input. Ierc6, RFC7, 119 and Rio are neces-
sary to prevent v.h.f. parasitic oscillation. The 
amplifier is keyed in the cathode circuit. A single 
meter, MA I, may be switched to read amplifier 
grid current when connected across 117, or cathode 
current when switched across 118. The value of 
Rs is adjusted to give a meter-scale multiplication 
of 10. (See measurements chapter.) 
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Power Supply 

The basic power-supply ei omit is conventional. 
A choke-input filter is used to hold the voltage 
within the rating of the filter condensers. Reduced 
voltage for the oscillator atol doubler and also 
for the amplifier screens is supplied across a pair 
of voltage-regulator tubes. high voltage is turned 
off during receiving periols by breaking the 
transformer center tap by the power-control 
switch, Si, which also eontnils t t ii i• c. primary. 
With the switch turned to the left in Fig. 6-63, 
the heaters are turned on, but high voltage is 
off. In the cent ral position, both circuits are open. 
Wit h the switch turned to the right, losth circuits 
are closed for t ransmit t ing. 

Construction 

A 13 X 17 X 3-inch aluminum chassis is used 
as the base. All parts of the oscillator and doubler 
circuit s art mounted unilerneath the base chassis. 
'1 he amplifier components are mounted on top 
and sit lei led by an enclosure made up of two 
7 X 12 X 3-inch aluminum chassis, one of which 
forms a cover hinged to the lower one. Good 
contact along the seam bet ween the two chassis 
is assured 1)y the use of a pair of onlinary who 
latches which easily provide considerable pull-
down force. Any gal) caused by inaccurately-
formed chassis cati be taken care of by bending 
the chassis lips outward with pliers wherever 
necessary to make a tight fit. 
The power-supply components are along the 

rear edge of the base chassis. Underneath, the 
two filter condensers are mounted on small lug 
strips which also provide terminals for making 
connections to the condensers. The crystal socket 
and the sockets for the oscillator and doubler 
tubes are all on a line 6 inches from the rear edge 
of the chassis. The tubes are central and their 

•'ig. (462 — Hear N si, li)n,ing the placement of the 
exciter tubes and the shorting-plug sockets. 
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Fig. 6-63 — Circuit diagram of the 75.watt 3-batid transmitter. 

Ci — 15-ppfd. mica. 
Ca — 47-µµ1.11. mica. 
Ca, C4, Cs, CS, Ce, Ca), CII, C13, C15, CI7, CIS, C111. 

C22, C24, C2S, C29, C29. Cao, Ca,, C32. C33 — 
0.001-mfd. disk ceramic. 

C7 — 335.551d. ‘ arialile ( National ST11-335). 
CA — 100-ppfd. mica. 
C12 — 47-ppfd. mica. 
C14 — 35.ppfd. Variable (National ST-35). 
CIS — 0.01-pfd. disk ceramic. 
C21 — 0.001-pfd. mica or 0.01-pfd, disk ceramic. 
(:23 — 300-mdd. sanable National TNIS-300). 
C26, (:27 — 8-pfd. 700-, 1 ,11-wkg. electrolytic 

BR 11V-708). 
Ri — 68,000 ohms, 1 wat t. 
R2 — 1 70 ohms, I watt. 
Ra — 17,000 ohms, I watt. 
R4 — 1:1,000 01111IS, 1 watt. 
Bs, 116— 4700 Mons, 1 watt. 
R7 — 100 ohm,. I 
Rs — Meter multinI ing . hunt (see text). 
Ra, RIO -- 47 ' 2 is ;lit. noninductive. 
Bit — 2500 ohms. 23s, a 
LI— 7.5 ph. — 32 turn. No. 22, 5/5-inch diam., 1 inch 

centers spaced 6 inches apart. The two exciter 
tuning condensers, C7 and C14, are similarly 
spaced 6 inches apart and sufficiently to the rear 
on the base chassis so that their forward mount-
ing screws come about t inch behind the ampli-
fier enclosure. The three sockets for the shorting 
plugs should be placed as nearly as possible in 
the positions shown in the photographs. 
The meter is mounted at the center of the 

front edge of the base chassis. It is very impor-
tant from the consideration of TVI that the meter 
be tightly shielded at the rear. The enclosure 
shown was bent up from sheet aluminum. 

In the lower of the two smaller chassis, the 
sockets for the two 807s are spaced with their 
centers 3 inches from the edge of the chassis and 
about VA inches apart. The sockets are ringed 
with n-inch holes, which show in the bottom-

(C-D 

long ( 13 ti; Vf. 3008 Miniduetor). 
1;,— 1.3 51h. — 12 turns No. 18, 3¡-inch diam., .")', inch 

long ( 1) & Vi 3011 Nlinidoetor). 
1.3 — 3.5 — 6.3 ph. — 15 turn. I inches diam.„ 

I 14 inches long (11 JEI.:1)) with 7 turns 
removed). 

— 7 Mc. — 2 ph. — 9 turns 1,2 ii,. liant., 1 t in. 
long ( B & JEL-20, 3 turns removed). 

— 14 Mr. 0.8 ph. — 6 turns inches diam., 
2 inch,. long (11 8, NV JE1.-11) 

L4, L5 — 50..ma, filter choke , tancor C.2304). 
.11, J2. J3 — :I•g. a ntie cr.> - tal socket 1Nlillen :33102). 

Open.eireuit 'phone j.tck. 
Jr. — Coaxial vonnector (.1one I I. 
MAI — 1).c. milliammeter. 25-ma. scale. 
11FC1, RFC2, BF( a. RFC4. RFC:, 2.5-mit. r.f. choke 

(National 11..50). 
131:C6. RFC, — 1-ph. r.f. choke ( National 14.33). 
It — 2.54nh. r.f. cholo• National 11 100.S). 
Si — Douldemole three-posit imt rotary ( Mallory 3223.1). 
S2 — D.p.d.t. toggle. 
— Power transformer: 600-0-600 stilts r.m.s.. 200 

nia.: 6.3 3 amp.; 5 volts, 3 amp. (Stancor 
P-617)) or P(8114). 

VR — VR.150 voltage-regulator tube. 

view photograph, to provide ventilation for the 
tubes. The lower portions of the tubes are en-
dosed in Millen type 80007 shields and the 
ventilating holes must come within the diameter 
of the shields. The bottom plate, which must be 
provided to rover the bottom of the base chassis 
with a tight fit, should likewise be perforated in 
the area below the sockets. 
The shaft of the condenser and a shaft-exten-

sion bearing set in the front edge of the chassis 
are joined by a flexible shaft coupling. The coil 
socket alongside the tank condenser is mounted 
on pillars that raise the socket to clear its prongs 
underneath. C2,1 is attached to one of the rear 
stator nuts. The plate choke, niTs, is mounted 
vertically immediately to the rear on a small 
ceramic feed-through insulator. A short length 
of coaxial cable connects the link terminals of the 
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— Bottom s it, of the 
75-watt trammitter. Plenty of 
space is pr o% tiled .. tt that 1, 1111 ,011e111$ 

[Wed 1101 be crow ded. 
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coil socket to the output coaxial 
fitting set in the end of the 
chassis. 
As soon as all holes have been 

drilled in the small (ioissis, it 
should be plaeed on the base 
rhassis and all holes in the bot-
tom of the smaller chassis should be traced on 
the top of the base chassis so that the two sets 
of holes will match exartly. 
The center chassis is ittitched to the lower one 

by means of a section of piano hinge — a hinge 
running the entire length of the e•hassis. The area 
Oyer the tubes is perforated with r inele holes. 
The t wee window latelms should be lilted rare-
fully so hat they will (,xert a good pull On the 
top chassis when it is closed down. 

All power wiring is ( lone with shielded wire 
and all by-pass condensers are applied to the 
shielded wire in the manner deseriln,(1 in the 
TVI chapte,r. It is often simpler to run individual 
p(over wires fn on each socket or emit' choke, 
rather than to go from One point to the other and 
thenre to the power-supply or other terminal 
with a single pipe), of wire. Each filament, screen 
and cathoe le of t he two 807s should have its indi-
vidual by-pass. Where the shielded wires run 

they should 10 , spot-sohlered bigether 
every few beetles, and kohl-down lugs should be 
placed wherever needed to anchor t he win , firmly. 
The two exciter coils, L1 and L2, are soldered 

directly avross the tuning condensers. The 807 
sockets are turned so that their grid terminals 

Typical Meter Readings 

Oscillator plate current 5 to 10 ma. 
Oscillator screen current 4 to 5 ina. 
Oscillator screen voltage  110 to 130. 
Doubler ! date current, idle 2 ma. 
Doubler plate current, operating  14 ma. 
Doubler grid current 23 ma. 
Dont ter cathode bias 00 v. 
Doubler grid-leak bias  .35 v. 
Total doubler bk.,  125 v. 
Atnplifier grid current, loaded  10 ma. 
Attudifier grid bias 50 v. 
Amplifier screen current, heu led 22 nut. 
Amplifier plate current, for 75 w.  11;5 Ina. 
Amidifier cathode current. for 75 se.. 200 ins. 
Off-resonance plate current  ''20 ma. 
Power-supply voltage, key open '30 
Power-stotply voltage, key olosed, am-

plifier loaded to 105 tua. ......  460 
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(Pins 3) are closest. Then RFC,; and RFC7, end 
to end, should just about bridge the gap between 
the two terminals. The connections between the 
shorting-plug sockets and the junetion of the 
t wo chokes are made ‘vit le No. 14 wire well spaced 
from the chassis. This wire is also used in con-
necting each of the amplifier tank-condenser 
mounting screws to 0/0, of the t wo tube eat bode 
terminals ( Pins I). 

Adjustment 

The VIt. tubes should gl.m ›ooll al ter the power 
is turned on. If they do met. t he resistance of Ru 
should be reduced until the Vit tubes just stay 
ignited %vide the key dosed, l'he transmitter 
should first be set up for 3.5- Me. operation, with 
C7 set at maximum capacitance and S2 filmed to 
read grid current. After the key is dosed, C7 
should be turned slowly until a reading of grid 
current is obtained. This is the 3.5-.Me. resonanee 
point. Slowly reducing the, capacitance of C7 
ShOUld show another reading of grid current at 
7 Mc. Then the shorting plugs for I4-Me. opera-
tion should be inserted, leaying C7 set for 7 Mc. 
The key shoed" be dosed and Cie adjusted for 
maximum grid-rurrent n,ading. The initial read-
ing may be slight. but it should be possible to 
bring it up to normal by readjustment of C7. 

Setting up again for 3.5-Me, operation, the 
3.5-Mc. roil should be plugged in the amplifier. 
C7 shoulel be adjusted for nmximum grid current 
at 3.5 Me. Swindling the meter over to read 
cathode current and closing the key, C23 should 
lie turned to maximum eapaeitanee and then 
slowly turned barkward to the point where a 
(hp in t he meter reading is obtained. The first (lip 
encenintermi should be resonanee at 3.5 Me. This 
setting should be markeel down and always used 
thereafter when tuning up on this band. The 
amplifier tuning for the other bands is done, in a 
similar manner, always setting C.23 at maximum 
atol tuning for the first dip in cathode eurrent. 
The acrompanying table shows the average 
values of currents and voltages to be expected. 

(See QST, O('t. 1951.) 
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A Completely-Shielded 90-Watt Transmitter or Exciter 

The transmitter shown in Figs. 6-65 through 
6-69 is designed for the reduction of v.h.f, har-
monic radiation without requiring special con-
struction for shielding purposes. It uses a stand-
ard 3 by 4 by 17 inch chassis as the main en-
closure. The plug-in coils are provided with indi-
vidual shields using 3-inch diameter removable 
shield cans that also are standard items. 
The final amplifier is a 6146, driven by a 6AG7 

frequency multiplier that is driven in turn by a 
6AG7 crystal oscillator-multiplier. Provision is 
made for driving the latter tube from an external 
VFO. The power output is approximately 60 
watts on all bands from 3.5 through 28 Me. at 
the 90-watt input c.w. rating of the 6146. With 
plate modulation the 67-watt input rating gives 
a carrier output of close to 50 watts. 

Oscillator Circuit 

The crystal oscillator uses the grid-plate cir-
cuit and is intended for use with either 3.5- or 7-
Me. crystals. Its plate circuit, LiC4 in Fig. 6-66, 
covers the range from 7 to 14.5 Nle. and L1 is 
wired permanently in the circuit. When using 
7-Mc. crystals C4 is tuned toward its high-
capacity end when 7-Mc, output is required for 
the following stage, and near the low-capacity 
end when the buffer is driven on 14 Mc. With 
3.5-Mc. crystals C4 is set near maximum capacity 
for 7-Mc. excitation of the buffer, and at or below 
midscale for 3.5-Mc. excitation. The tuning in the 
latter case corresponds to the setting that gives 
minimum harmonic output from the oscillator; 
at 3.5 Mc. enough fundamental voltage gets 
through to the buffer grid to give it adequate 
drive. Coil changing in the oscillator circuit is 
avoided by this method. 
For VFO input the feed-back condenser, Cc, is 

shorted to ground for r.f. by Si. The crystal 
should be removed from its socket when using the 
VFO. A coaxial connector is used for the VFO cir-
cuit, and the VFO should be of the type that in-
eludes the length of coax as part of its tuned 
output circuit. The VFO output can be on either 
3.5 or 7 Mc., depending on the final output fre-
quency and the choice of method of operation, as 
described later. 

Fig. 6-65 — A compact and completely shielded low-power trans-
mitter using a 6146 as the final amplifier. It ran be used at an input 
o190 watts on c.w. or 67 watts for plate-modulated 'pl . The unit 
is mounted on a 3Y2-inch rack panel. 

Frequency Multiplier 
The frequency multiplier or buffer stage is 

coupled to the final amplifier grid by a pi network. 
This type of circuit permits using a relatively 
large fixed capacitance, C2, directly from grid to 
ground in the amplifier circuit and is highly ad-
vantageous in preventing vhf. harmonics gen-
erated in the grid circuit from developing an 
appreciable voltage between grid and ground. 
This not only prevents amplification of such har-
monics in the plate circuit but also helps keep 
harmonic currents from flowing in the d.c. grid 
return lead. 
C9 is also useful in stabilizing the final ampli-

fier to prevent self-oseillettion at the operating 
frequency. The larger the capacitance of C9 in 
comparison with the capacitance in use at rr, 
tile greater the impedance step-dowie leetwet.re 
the buffer plate and the amplifier grid, thus the 
buffer plate resistance is reflected as a com-
paratively low resistance at the grid of the am-
plifier. This, together with the fact that any 
energy fed back from the amplifier plate circuit 
through the tube's grid-plate capavitance cannot 
develop much feed-back voltage across tlw large 
fixt•el capacitance between grid and catho(k, 
effectively prevents self-oscillation and avoids 
the necessity for neutralization of the amplifier. 
The optimum circuit values for this purpose are 
given in Fig. 6-66 and the buffer coil table. 
On 3.5 Mc. additional capacitance, Cs, is con-

nected in parallel with C, to provide proper cir-
cuit operation. On all frequencies the buffer 
tuning condenser, C7, is near minimum capacity 
at the proper operating setting. A 50 etafd. con-
denser can be used instead of the ()ne specified in 
Fig. 6-66, if desired. 

L2 and L3 are small coils in the buffer grid 
and plate circuits to prevent v.h.f. parasitic os-
cillations in the buffer stage. 

Amplifier Output Circuit 

The amplifier output circuit also is a pi net-
work, designed specifically for working into 
essentially resistive loads between 50 and 75 
ohms. It is therefore suitable for working into 
properly terminated coaxial cable of the usual 

impedance values. In cases whi.re the 
antenna is fed by types of line other 
than veiax, an antenna matching net-
work or antenna tuner of the coax-
coupled type deserilied in the chapter 
on transmission lines should he used. 
This permits operating the CeZtx link at 
a low standing-wavy ratio and pr.e,vidre+ 
the proper load for the 6146 amplifier 
circuit. 
The amplifier tank vondenser, C12, is 

a split-stator type connected to the coil 
socket in such a w•ay that only one sec-
tion is used on all bands except 3.à Mc., 
where the second section is conneeted in 
by means of a jumper in the coil form. 
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Fig. 6-66 — Circuit diagram of the transmitter. 

C I, Ca. C5, C6 —  470-µmfd. mica. 
C2 - - I50-etmfd. mica. 
C4, C7 — I 111-ggftl. variable ( Millen 19140) 
Cs, Cs — I 00-ggfd. silver mica. 
Cm — 0.00 I -µfd. mica, 1200-volt working. 
Cu — 470-mufd. mica. 1200-volt working. 
C12 — 100-get ffl. per section variable, I000-volt spacing 

(National ' I'M S-1001)1. 
C13 — s : triable \l lien 19325). 
C14 — -170-pkad. is 

C13 to C32. inc. - 0.110 I ceramic, midget size. 
111, Ila - • 17.000 ohms. ' 2-watt. 
R2— 17.000 ohms. I watt. 
114— I5,000 ohms, I watt. 
Rs — 27,000 ohms. I watt. 
R6 — 150 ohms. 12. watt. 
R7 — 2.2 Ohms (2 shunt for 0-23 millia rrrrr 

/..4 in the amplifier plate lead is for the purpose 
of preventing vhf. parasitic oseillation in the 
amidifier. 

Other Circuit Details 

(Uthud -urrents of all three tubes can be 
measured by means of the meter switching ar-
rangement shown in Fig. 6-66. The amplifier grid 
current also can be measured. The 0-25 milliam-
pere seal) is used directly fin- measuring the oseil-
lator cathode current and amplifier grid current, 
the meter living shunted by 100-01101 resistances 
in eaeh of these two positions ti) preserve circuit 
continuity when the switeh is in other posit II 
In the switrh position for measuring buffer 
cathode current the meter is shunted by a low 
resistance that multiplies the scale by 2, and 
when the final amplifier cathode current is meas-
ured the meter is similarly shunted by a resistance 

T_ 
R 
Our 

Cs e. Ic" = 

7 TO 28 Mc. 

AMP. COILS 

3 5-4 Mc. 

7 10 28 mc. 3 51,4c. 

BUFFER COILS 

Rs — 0.24 ohms ( 10 times multiplier shunt for 0-25 
milliammeter). 

Ro, RIO — 100 ohmn2, I watt. 
Ji, Ja — Coax connectors, chassis type. 
J3 — Closed-ciretait jack. 
IIFC1, RF(:2, RFC.3, RFC4— 2.5 mh. r.f. choke (Na-

tional It- 100S). 
RFCs — 2.5-mh. r.f. choke ( Millen 31300-250(1). 
1.1 — 13 turns No. 22, diameter I inch, length 1 inch. 
I. — 16 turns No. 3)) d.c.e. 3-watt re,i4or. 
L3 — 6 turns No. It, diameter 216 inch, length 1 
L4 turns No. IR, diameter !,(t inch, length Melt. 
Ls, Ls — Si-.. coil table. 
M1 — 0-25 de. milliainmeter (Simpson Model 125). 
St — S.p.s.t. toggle. 
S2 —  2-pole, 4-position wafer switch, non-shorting 

((:entralab 2305). 
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Fig. 6-67 — The shielded power wiring should be installed before the r.f. components are permanently mounted, in-
cluding the ceramic by-passes across the ends of the shielded wires. The wires running along the center of the chassis 
go to the heater and grid choke of the final amplifier. The two that follow the chassis corner at the left are fr  the 
oscillator and buffer cathodes to the meter switch. 

and the 3750-4000-ke. coil is similarly adjusted 
for sufficient range to give maximum tube input 
at 'phone ratings. 

Amplifier cathode keying is shown in Fig. 6-66, 
but any method may be used with appropriate 
changes in the diagram. A lead is brought out 
from the " hot" end of the amplifier grid leak, 
R5, so that the d.e. voltage developed by excita-
tion may be used to control a screen prottwtive 
tube if an earlier stage is keyed. The circuit 
constants in the oscillator and buffer stages in 
Fig. 6-66 are such that both these tubes can run 
wit hout excitation, with a 300-volt plate supply, 
without exeeeding the plate dissipation rating 
of either 6.1.(I7. This permits keying the VFO 
when separate V() input is used. 

Shielded wiring for preventing harmonies from 
flowing on supply leads is indicated in the circuit 
diagram. These leads should be by-passed by 
midget ceramic condensers at the points indi-
cated, using the technique described in the TV! 
chapter. The corresponding technique for high-
voltage mica by-passes is used for the amplifier 
high-voltage plate lead. 

All three tubes have parallel plate feed. This 
permits grounding the tank condensers directly 
to the chassis, which is advantageous both me-
chanically and electrically. In the buffer and 
amplifier stages parallel feed is a necessity be-
cause the pi networks cannot he series-fed. 

Construction 

All of the circuits c\ itic the exception of the 
buffer and amplifier roils are inside the chassis. 
The metal 6.1) 7g provide their own shielding. 
The 6146 mounts through the rear chassis wall 
and is covered by the same tvpe of shield van 
(ICA No. 1549) as is used to cover the tank coils 
except that it is trimmed down a bit in length 
and is drilled with %-inch holes above and 
below the tulw to give ventilation. The location 
of the principal components is shown in the 
but tom view. 

Since the space underneath the chassis is 
limited, some care must be used to fit the parts 
in. The best plan is first to lay out the complete 
transmitter and drill all holes in the chassis, 
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making sure that everything is provided for be-
fore anything is permanently mounted. Make the 
partitions and amplifier tube mounting bracket 
and fit them in place before drilling any mounting 
holes for them in the chassis. Mounting holes 
in these pieces may then be used to locate the 
corresponding chassis holes. The tube socket 
bracket and final tank condenser together form 
a separate subassembly on which most of its 
wiring may be done, including the shielded va th-
ode lead to the meter switch, after the mechattiv:i 
fit has been checked. The bracket is drilled to 
clear the rear shaft extension of the condenser : LIP! 
uses holes already present in the condenser baek 
iilate for mounting. The plate blocking conden-
ser, Cao, is mounted on the screw which is part 
of the stator plate assembly; this condenser must 
be as close as possible to the eondenser so that it 
will clear the coil socket mounted on the rear 
chassis wall. A short stand-off insulator is 
mounted just to the left of the tube socket, at 
the left in the bottom view, to mount the plate 
lead and one end of the parasitic choke, L4. 
The renter partition should have a M-inch 

hole at the point whio-d. the amplifier grid lead 
(Nimes through front the buffer stage, and should 
bit eut out about Mt ineh at tint bottom where i 
must fit over the shielded wiring laid on the 

Buffer and Amplifier Coil Table 

Coils wound on 13, inch diameter Ionics ( National X11-1 
and XII-5) 

Wire No.of Turns per 
Size Turns Inch L. mid.. 

Buffer coil. Ls 
3.5 -- 1 Mr. 25 12 25 -Is 
7 Me. 22 25 2,1 IS 1 

11 Me. IS 10 10 3 5 
21 Me. IS 5 10 1.31 
27 -- 30 Mr. IS 3.V2 10 0.511 

Amplifier coil. 1, 
3.5 --- 3.73 31e. IS 2114 16 14 . 5 
3.75 1 Mc. 22 2 i!§ 20 15 7 
7 Me. 15 17,4 12 5.3 

1-1 Mr. 14 1•.)q s 3.25 
21 Mc. 16 •lq 5 1.35 
27 - 30 Me. 16 Pi 5 0.51 

• Measured values with roil unshielded. 
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chassis. These parts and the meter shield should 
be the last things mounted, after all other assem-
bly and wiring has been completed. 
The shielded wiring should be laid in first, 

as shown in Fig. 6-67. Soldering lugs may be 
used as hold-clowns, the wire shield being spot 
soldered to t.ach such lug. Start the leads. fitted 
with ceramic • by-passes, at the output terminal 
strip or tube socket , as the case MaY be, and run 
them to their final ' ovations, temporarily mount-
ing the part at which they terminate to get the 
exact lead length. Then trim the wire and install 
the ceramic by-pass when called for in the 
diagram. 

After the shielded wiring is in place, install 
the amplifier coil socket anti wiring, leaving 
enough lead length to rearli tlw tank condenser 
to be mounted later. This cc cii socket must be 
mounted with t he ring outside the eltassis in order 
to provide sufficient clearance for the amplifier-
tulw subassembly. Then complete the oscillator 
and buffer assembly and wiring, except that the 
buffer coil socket should not be mounted because 
it interferes with installing the annili tier subas-
sembly. Also mount and wire the by jack and 
meter switch, including mounting and finishing 
shielded leads fi ir the meter. 
When this has Item done the amplifier tube 

subassembly may I w permanently installed and 
the connections to it completed. After installa-
tion the amplifier ttlate choke should be mounted, 
using the chassis hole for the 6146 for access. The 
buffer coil socket and amplifier output condenser, 
C13, may then be installed and the wiring com-
pleted. The last operation is to mount the meter 
shield. 

Since the size of some parts is critical, in view 
of the limited spat.e, the specific components used 
in the unit shown are designated in the circuit 
caption. 

177 
Operation 

The final amplifier is operated straight through 
on all bands and the buffer amplifier preferably, 
although mit necessarily, is operated as a fre-
quency multiplier. On bands where the buffer is 
uss‘d as a straight amplifier care must be taken to 
ehoose tuning conditions that do not permit 
self-oscillation in the buffer stage. On 3.5 Mc. 
with either crystal or \TO control there is no 
tendency for tile buffer to self-oscillate because 
its grid circuit is not resonant at the operating 
frequency. On this frequency the principal pre-
caution to be observed is that C4 should be 
tuned so that the drive at harmonics of the input 
frequency is not excessive. The proper setting for 
ei is the one that results in maximum amplifier 
grid current when the buffer plate circuit is 
properly resonated. 
When operating on 7 Mc., C4 should be toward 

minimum eapacitance, but not far enough to 
resonate at 14 Me. Adjust for maximum amplifier 
grid current, with the buffer plate circuit reso-
nated, by varying C4 toward minimum capacity. 
When the amplifier grid current is maximum, 
pull out the crystal or shut off the VF() and the 
grid current should drop to zero. If it does not, 
decrease C4 Until it does. The grid current should 
be ample with C4 set so there is no danger of 
buffer osalation. 

For 14- lc. operation, set C4 near maximum 
capacitance so that the buffer is driven on 7 Mc. 
and operates as a doubler. Adjust for maximum 
amplifier grid current. On 21 Mc., operate the 
buffer as a tripler, driving it on 7 Me. and ad-
justing C4 in the same way as for 14 Mc. 
The preferable method of operatic )11 on 27-30 

Mc. is to use a 7-Mc. crystal or VII). adjust C4 
to resonate at 14 Mc., and then double in the 
buffer stage. In this case C4 Vill be near minimum 
capacity. Alternatively, a 3.5-Mc. crystal or 

Fig. ei..(.8 Itoitom view of the transmitter completely wired. The oscillator plate coil, 1,1, is between the two 
variablc eoodeii-ers at the right. The amplifier circuit occupies the left-hand portion of the chassis in this photo-
graph. h, r bassi- is :1 hv 4 by 17 inch aluminum and is covered by a 4 X 17 aluminum bottom plate (not shown). 
'l'he bracket on the" amplifier socket is mounted is supported at one end by the plate tank condenser and at the 
other b% a partition c hai the amplifier section from the oscillator-buffer section. The amplifier plate choke is 
mounted on the bet, cell the tubc—ocket bracket and the chassis wall, just below the plate-lead terminal.The 
meter is enclosed h a right-angle shield to pre% cot stray harmonic pick-up that might cause radiation through tho 

meter hole in the panel. 
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6.3 V. +300 

CI, C2— 4-fil. IOW-% oil paper. 
C3— 8-µfd. 450-volt electrolytic. 
RI, R2— 0.1 megohin. 1 1•.att. 
113— 4000 ohms. 25 watts. 

— 25,000 MIMS, 10 watts. 
11,5-0.5 megolun, 12 watt. 
— 5/25 henrys, 225 nia. 

VFO may be used, in which case the optimum 
method is to double in the oscillator plate circuit, 
the setting of C4 being near maximum capacity, 
and use the buffer as a quadrupler. This results 
in higher amplifier grid current, in the average 
case, than can be obtained by quadrupling in the 
oscillator stage and doubling in the buffer. The 
grid drive for the final amplifier is less than when 
using 7-Mc. crystals or VFO, but is sufficient for 
operating the 6146 at maximum ratings on either 
c.w. or 'phone. Care must be used to select the 
right harmonic when quadrupling in the buffer, 
since the tuning range is sufficient to reach both 
21 and 28 Mc. on the 28-Mc. coil. In all the pre-
liminary tuning, it is excellent practice to check 
the actual frequency of each circuit, particularly 
the buffer plate circuit, with an absorption wave-
meter. 
With any of the types of operation described 

above, the maximum grid current through the 
27,000-ohm amplifier grid resistor should be from 
3 ma. to about 4.5 ma., with the amplifier fully 
loaded. These values are in excess of the normal 
operating figures, the optimum current being 2.5 
to 3 ma. for c.w. operation and 1.8 to 2 ma. for 
plate-modulated 'phone. This is for a plate-supply 
voltage of 600, with a plate current of 150 ma. 
for c.w. operation and 113 ma. for 'phone. 
The method of tuning the amplifier is the same 

on all bands. Assuming that the load has been 
adjusted to represent a pure resistance, or nehrly 
so, of 50 to 75 ohms, set C13 to maximum capaei-
tance, apply plate and screen voltage, and 
adjust C12 for minimum plate current. Then 
decrease the capacity of C13 kv a small amount 
and reresonate C. Continue until the plate cur-
rent at the minimum of the dip is the desired 
value. Since the off-resonance plate current of 
the 6146 may run as high as 250 ma. it is advisa-
ble to do preliminary testing at reduced plate 
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Fig. 6.69 — Pow er 
supply diagram for the 
6146 exciter-transmit-
ter. Note: For plate 
modulation. .11 .-1, 2aell 

the Serevn--uppl cir-
cuit - he., n. and sup-

-ereen voltage 
through a 35,000-olun 
10-matt resistor con-
nected from the -hot-
end of the modulation 
transformer secondary 
to screen. 

1.2 — 4.5 henrys, 200 ma. 
— Filament transformer: 2.5 v., 4 amp., 1500-volt 

insulation. 
T2— Plate transformer: ROO v. each side c.t., 225 ma. 
T3 — Filament transformer: 6.3 v., 6 amp. 
SI, S2 — S.p.s.t. toggle. 
RFC — 2.5 inh. r.f. choke.• 

and screen voltage, until the proper operating 
conditions llave been once established. 

If the load is not the type that is represented 
by a properly-terminated coax line it may or 
may not be possible to control the loading ade-
quately by means of C13. The pi network con-
stants are fairly critical as to loading, and if 
proper loading cannot be secured it is an indica-
tion that the coax line is not flat. 

Power Supply 

The oscillator and buffer require a total current 
of approximately 50 ma. at 300 volts. In order to 
avoid the excessive plate dissipation that might 
occur with a supply that gives more than 300 
volts, the plate voltage should be regulated by 
means of VII tubes. The plate currents taken by 
the oscillator and buffer do not vary greatly from 
band to band, the oscillator current being about 
20 ma. on all bands and the buffer taking about 
25 ma. on all except 7 Mc. where it is about 12. 
The amplifier requires a 600-volt plate supply 

capable of an output current of 150 ma., approxi-
mately. The screen current averages about 12 
ma. through a dropping resistor of 35,000 ohms, 
the optimum value. A suggested power supply 
circuit is given in Fig. 6-69. This utilizes a single 
plate transformer designed to deliver 600 volts at 
225 ma. through a choke-input filter. 
Compared with ot her beam tetrodes, the 6146 

operates with quite I ‘‘. senVrt voltage anti the 
ordinary screen pr' il eel i ve tube circuit does not 
reduce the serti ' it voll:tge to a low-enough value 
to prevent exuessive plate dissipation when there 
is no r.f. exeitation. The eireuit shown hen• eon-
sequently includes a VR-75 to cut off the sereen 
voltage under such conditions. To compensate 
for the voltage drop through the VR tube the 
screen resistor is reduced to 25,000 ohms. 

(See QST, February, 1952.) 
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A Single-813 Transmitter 

Figs. 6-70 through 6-76 show diagrams and 
photographs of a transmitter that can be operated 
on all bands from 3.5 to 28 Mr. at a power input 
up to 350 watts with reasotable assurance that 
no TVI will result, even in (tinge areas. Plug-in 
coils are used throughout and, except for the 3.5-
Mt. haut!, where 3.5-Mc, crystals are required, of 
course, either 3.5- or 7-Mc. crystals may be used. 
An 813 is used in the final amplifier. This is driven 
by a 6V6 buffer-doubler and a 6AG7 modified 
1;ieree crystal oscillator. C3 ilaS sufficient range of 
capacitance to cover tu-o adjacent bands with 
the solo(' coil, simplifying band changing. Possi-
ble instability in the 6V6 stage, when working 
"straight through - at the crystal fundamental, 
is tivoi led by disconnecting C3 and plugging in 

r. f. choke at I.,. so t hat the input circuit of 
t he tVt is manned. otherwise, Cz is connected in 
eircuit automatically by a juniper in the base of 
the it ti! form (see Fig. 6-74). 

Provision is made for VP) input to the ' Iv st al 
stage if desired. The key is in the oscillator eireuit. 

61.6(1 damper tube holds the input to the 
813 at a safe level when emit:it ion is reino\-1,1. An 
important provision in t he circuit is the excitation 
control, it permits limiting excitation to the 
level necessary for efficient operation without ex-
cessive harmonie output. The screen of the 813 is 
operated from the low-voltage supply for the 
oscillator and buffer-doubler stages. Thp separate 
terminal is t o permit t he screen to be disvonneeted 
during preliminary adjustments of the exciter 
stices. Filament transformers are ineluded in 
t li ranstnit ter and all power leads are filtered for 
y It: ho-monics. 

Fig. 6-70 — The panel 
of the 813 tran.ontter 

12% initie- high. 
The meters are ., 111). 
 titi on a picoe• of 

-inch Pre-,Inood, 
,0 27, irtehl .• and 

.1% 

1•11.11 Vé it h i piece of 
...reviling. The eon-
Ind- for (:13 and the 
Inds-coupling adjuq-
tnent are to the right. 

• 
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Constructional Details 
Most of the constructional details may be ob-

tained from the photographs and their captions. 
painted panel and chassis are used, it is of first 

importance that the paint be removed wherever 
good contact to the shielding or other parts is 
required. This includes the area where the 813 
socket mounting is placed. Titis is done easily by 
using paint remover and later sandpapering. 

Also of extreme importance are the by-pass 
connections at the 813 socket. The tubular 
condenser mounted horizontally across a portion 
of the sneket is C13, the " llypass" unit used as 
screen by-pass. The mounting clamp is unsoldered 
froto the condenser so that its case can lie soldereil 
direct ly to Terminals 1 and 2 of the tube socket. 
Terminal 1 is one side of the filament, and 
Terminal 2, which has no circuit connection, is 
used merely for mechanical support. One of the 
axial leads of the condenser is then connected to 
Terminal 3, the screen grid, awl the other goes 
to the screen-supply lead. Note that titis arrange-
ment returns the screen-grid by-pass to one side 
of the filatn-nt inst:‘ad of to ehassis ground. 

Filament by-pass condensers. CH and C12, 
are mounted as close as possible to Terminals 1 
and 7 with short ground leads going to the 
aluminum bracket. The center-tap lead from 
the filament tran ,former is eouoyeled dit.ortly 
to the beam-forming plate terminal Pin 5) on 
the si skit, where the ground connection is lowly. 

Plate by-pass condenser mounti31 
between tfie frame of the tuning condenser and 
a soldering lug bolted to the bracket that sup-
ports the 813 socket. The ground connection is 
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Fig. 6-71 — Schematic diagram of the 813 transmitter. Socket connections for plug-
in coils Lt and L2 are shown. For connections to the coil pins, see Fig. 6-7•1, 

Cis, C20, C21, C25— 0.005-phi. disc ceramic. wound on 1 diam. form. 
C2, C6, C19, C22, C23 — 0.01-gfil. dise ceramic. — 7 Mc. — 5.2 /A.: 12 turns No. 18 11.s.c 

Cs — 200-gpfd. receiving variable , \linen 192(10). spaced to occupy 1 inch on 1 
C I, C7, C9, C II, C 12. C 17 — -,ad. dise ceramic. inch iliam. form. 
C5 — 100-ggfil. mica, 500 ,,It working. — 14 Me. — 1.8 ult.: 7 milts No. 18 d.s.e. spayed 
Cs — 100.g..fil. receiving variably Millen 19100). to °crony I inch on (han). 
Cie — 100-ggfd. mica, 1000 s iilts I.e. working. —28 Me. — 0.5 pli.: I t orris No. 18 d.s.e. spaced 
C43 — 0.005-ad. 1000 volts (Sprague - I lypass- ). to occulo I ineli on 1-ineh ilium. 
C14 — 0.0111-mfd. mica. 5000 volts d.c. working ( Aerovox l'ornas for alum e are \ at ma' X except 

16511. 28- Mc. which coil lc,- \ linen 15005. 
C15 — 100-pmfd.-per-section variable, 3000 volts peak La - plat,' Mil: 

(National TM ( -100-1). \II are 11 1V I. series. Winding data, 
CI6 — Neutralizing cooden-cr: see text. c6rept inductance, given below are for each 
C24 — 0.002-44fd., 7,0011 s oh, d.c. (Sprague 'lllypass-). liai! of coil.) 
C76, C27 — 27,0 Its, a.c. (Sprague "Bypass"). — 3.5 Mc. — 80 Tl.. 13 ph. : 20 turns NO. 16, 
Ri — 15,000 oboe:. I 2 se at t. 

21.›-ineh ilium., 2 inch,: long. 
112 — ohm ,. 1 watt. — 7 Mc. — •I0 -TV I., 15 ph.: 11 turns No. 12, 
113 — 33,0110 ohm-. I watt. 

21,- inch diam., 2 inehes long. 
R4 — 17.000 oho,. 1 watt. — 14 Mc. — 20 TN": one turn removed from 
Rs — 300 olnn-. 2 watts. 
Ht each side, 4.2 I tiirll , NO. 12, 
— 75,000-olim wire-w I potentiometer, 7 watts. 21 2-inch ilium,. I", inchi, long. 

R7 — 25.000 ohms. 10 watts wire-w I. — 28 Mc. — 10 TU.: one turn remoN ed from 
Rs — 10.000 " Inns. 10 watts, wire-wound, each side, I pli.: 2 torn- \ o. 6, 2%-
R9 — 100 ohm-. I watt. 

inch diam.. 13¡ inch,. long. 
Rio — 2500 ohms. 10 watts, wire-wound. 1.4 — Shielded link, 3 turns ( II :17)83). 

— Oscillator plate coil: ji—  Coaxial input jack (Jones 5-1)11-D). 
— 3.3 7 Me. — 10 plu.: 28 turns No. 22 d.s.c. J2 — Coaxial output jack (Amphenol 83-1R). 

-smund on I -ineh diam. form. — Closed-circuit jack. 
— 7-11 Mc. — 2.3 ult.: 10 turns No. 22 d.s.c. 111 — 0-100 ma. d.c. 

spaced to occupy 7 ,/ inch on 1- N1.-12— 0.50 ma. d.c., 
inch diatn. form. MA3 — 0-500 ma. d.c. 

— Untuncd — 750 ph.: 33-ma. r.f. choke (\ a- RFC', F(:2, RFC3 — 2.5-mh. 100-ma. r.f. choke. 
tional 11-33) m ))))) tied inside coil RFC.' — 1.1 mh., 500 ma. ( Millen 31110). 
form as shown in Fig. 6-71). RF( :5to R FCIO — (Ohmite Z-50). 

Forms for above coils are NI illen 45005. 5, — Rotary wafer switch, 2 isdes, 5 positions, ceramic. 
L2 — Doubler plate coil: — 6.3-volt filament transformer, 3 amp. T( : 5-55). 

— 3.5 Mc. — 17 ph.; 23 turns No. 18 d.s.c. close- T7 — 10-volt transformer, 5 amp. (Thordarson '121 F18). 

made close to the spot where the filament by-pass 
condensers are returnel, and a heavy lead made 
froto 3,inch copper strap makes the connection 
from the " hot" side of C14 to the tuning-con-
denser frame. The high-voltage lead passes from 
this junction point through the chassis in a 

3%-inch ceramic bushing (Millen 32103) to RFC4 
inside. In addition, the high voltage is applied to 
the rotor of CI5 through the center tap of the 
plate coil, /4. Connection front this point to 
RP( 7.1 is made through a second %-inch ceramic 
bushing that is visible in the bottom view. 
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I"'. 6-72 — The chassis for the 813 trans-
mitter is 10 by 12 by 3 inches, with the 
12 .in h.eh len  along the panel. Cis is 
mounted on 1 4-ineh cone insulators, with 
the lower feet against the .• trissi, and the 
upper ones against auxles fi-ti•ned to the 
top of the chassis. Angle pieces under the 
upper fret support the liar. The 
813 is mounted hi irizorit alls midi its 
socket set in a braeket ,i3.1 inches situare. 
Cis consists of tsiii of metal br; by 2 
inches mounted oil pillars behind the 
socket. ( hie piece is bent to gise a sparing 
of about. ! 2 inch. filq::1 is to the right. 
The erystals, oscillator ttilw and voil are 
to the right. the buffer-doubler to the 
rear. The meter- are enclosed in a shielding 
Itou. Paint is rem'', ed f  the chassis 
us here needed to pro. ide good contitet ir ¡ tit 
the shielding. 

Adjustment and Operation 

The circuit diagram of a suitable power supply 
for this transmitter is shown in Fig. 6-75, al-
though, Of course, it is not neeps.sary to operate 
the 813 at maximum rated iii: ti voltage. 
The only critical at ljustments neede,I ate to be 

certain that the small plug-in euver the 
proper ranges, and to neutralize the 813. If 
the coil specifications set forth in the parts 
list are followed closely, it will be possible 
to tune the plate circuit of the 6A( f 7 to either 
3.5 or 7 Me. with the first et dl, and to either 
7 or 14 Me. with the second. Resonanee in 
both the 6.1(f7 and 6\76 stages is indicated by 
il il, which is conneeted itt the common supply 
lead. With the desired coils in place, the excitation 
control set fully clockwise and the key closed, 
apply plate voltage ¡ between 350 and 400 volts 
d.c.) to the exciter stages. Turn the oscillator 
tuning condenser until the meter kicks upward, 
indicating that the 61-6 stage is being driven. 
Next, turn the 61.6 plate-tuning condenser until 
tla• meter reading dips, indicating that the stage 
is tuned to resonance. Now, touch up the tuning 
of the oscillator stage slightly. This readjustment 
will produce a slight additional reduction in the 
current indicated. At this point the 6V6 should 
be driving the 813 stage into grid current, as 

Fig. 6-73— s'iew of the 813 transmitter 
with bottom plate re %%%%%% The chassis is 
fastened one Mil from the left-hand 
edge of the panel. From left to right, the 
crustal itch. C3 and i'' s are mminted on 
brackets., those for the latter trin, being 
insulated. Rs is mounted on the panel. 
12 is to the right, s, 'lily the terminals of 
Ti mav be seen through the clearance hole 
above: RFC, is above T2. The 6YM; 
socket is above Cs. All power miring is 
done with shielded us ire and by -passes 
are connected as reco ttttt tended in the 
chapter on TV!. All s . h.f. filter e  
potent. are tu ttttt ' hut directly at the 
power terminals. The h.v, line pr,'- through 
the end of the chassis through feed-through 
imoilators. 

indicated by .1/.1 2. Depending on the hand 
seleeted and the plate voltage applied to the 
exciter stages, grid current ill 1 I f w... .,,, a, . g.as.. 15 
ma. It will probably run consillerably more 
than this except in the ease of 28-Me. operation.) 
Now adjust neutralizing comhmser to 

obtain minimtun feed-through of ri. Inuit the 
excityr stages to the final-amplifier tank pircuit. 
Ti  do this, (1 mph. an indieating tvavemeter to 
the tank circuit, tune the circuit resonative, 
and adjust by bending or trimming the 
plates to obtain minimum indieat 

()nee the amplifier is neutralized, cfmneet 
ft (1111111111y 10:1.(1 tu  rircuit. This is 
best done liv conneeting an antenna ( ampler to 
the swinging link of the amplifier through a 
short length of It( I-8/1.' roaxial cable, and then 
tapping a 250- or 300-watt lamp bulb arross 
a few turns of the roil in the (ampler. Apply plate 
and serum' power to the 813, and resnate 

the tank circuit as indivattal by a sharp , lip 

in the current shown bv .1/.1 3. Titis sh,m1t1 
be done quickly, beeatise the off-resonance 
plate current will exeeed 300 ma.. dipping to a 
very low value ; it resonance. I .1):111 t amplifier 
by adjustment of the antenna tuner and the 
swinging link until plate current of 200 ma, or 
slightly more is indieated. Now open the key. If 
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(A) 

Bottom View of Coil Form 

Fig. 6-74 — Connections for /. 1, the oscillator plate coil. 
The arrangement used for operation in all except the 
3.5-Me. band diown at A. The juin lier, ishich is sol-
dered inside the coil form, connects the coil to t g 
condenser Ca. ln II, ii- e.1 ici1 for 3.7, \l e. opt-ration, the 
jlimper M lllll itted, is hich disconnect- the tuning conden-
ser front the circuit, and an r. f. ehtike is - iih-tittited as an 
tint oued plate impedance to keep I h, 6\ 6 stage stable 
is operating straight through. 

tlte clamp tube is operating 
properly, plate current in the 813 
stage will drop to about 10 ma., 
and the current in the lirst two 
stages will be about 15 ma. Grid 
(givrent in the 813 stage under 
these conditions should be zero. 
Ti check for stability of the 813 
stage, rot:ite the plate rundenser 

Iowlv through its ( attire range, 
at the same time watching for 
a ny change in plate current, and 
tut any indication of grid cur-
relit. If a change takes place. or 
if grid current flows, eheek wit h a 
wavemeter to (but the frit i°  
at which the stage is oscillating. 
If it is near the operating fre-
quency, readjust ment of the neu-
tralizing condenser is called for. 
If oscillation is in the v.h.f. 
range, the usual cures for such 
par:dies should be applied. 
A low-pass filter sut-h as that 

descriloed in the chapter on TV I, 
or one of those available com-
mercially, should be installed in 
the coaxial line lad ween the 

CHAPTER 6 

transmitter and the antenna coupler in all areas 
where TV receivers are nearby. 
With the 813, there is no point in running the 

grid current beyond 15 ma. Good efficiency can 
be obtained with this level of excitation, or even 
less, and increased excitation van accentuate the 
generation of v.h.f. harmonies. Under to-st in a 
fringe area, with a TV receiver in the same room, 
faint interference was noticed when operating at 
28,050 ke, until the grid current was reduced to 
10 ma. At frequencies above 28,500, grid current 
could be increased to 15 ma, with no interference. 

If a.m. 'phone operation of the transmitter is 
desired, a small iron-core choke should in-
serted in the screen-grid supply lead as described 
in the chapter on railieityluplicitiy. 

(See QST, July . 1 

+1000 to 
2000 

+400 

H.V. 

Fig. 6 75 — Circuit tif a suitable power supply for the 813 transmitter. 

Ci, C2 — 1-aft . 2000-volt oil-lilled. 11 — 150-watt lamp (Low-power 
C3, C4, C5 — 4-51d. 600-volt elec-

trolytic. 
Hi — 25,000 ohms, 200 watts. 
112— 15,000 ohms, 10 watts. 
Id — 5/25-h. 300-ma, swinging fil-

ter choke. 
1.2— 20-h. 300- ma, smoothing 

choke 
1.3, la — 7-11. 150-ma, filter choke. 

tune up) 
SI, S2 — 10-amp. switch. 
Sa — 3-amp. switch. 
Ti — Filament transformer: 2.5 

volts, 10 amp. 
T2 — Plate transformer: 2000 volts 

d.c., 300 ma. 
Ta — Power transformer: 375-0-

375 ran.s., 150 ma.; 5 volts, 
3 amp. 

6-76— The shielding enchtsure for 
the 813 tran•daitter is made up . if altimi-
min' fa-tened together with strips 
of angle -1, sels, whieh are tapped for the 
servis -. \ door covers the hot..., 
that pros idc .tecess to the plug-in end-. 
The large upening lu the left i- I I 
Slitlare, the othcr loo Ire 3 by I indu,. 
The s entilating htdc- cr the tubes are 
covered underneath isIt screening. The 
back panel is also eut out to clear the 
terminais set in the rear of the chassis, as 
shown in Fig. 6-72. 



HIGH-FREQUENCY TRANSMITTERS 

A 200-Watt Transmitter for 160 and 80 Meters 

Figs. 6-77 through 6-81 show - and con-
structional details of a 200-watt transmitter de-
signed primarily for the 160-meter band. How-
ever, it will also work well doubling frequency 
t he 80-meter band in the output stage. 

Fig. 6-77 — A front view of the 160-meter transmitter 
designed by W ITHF, showing the panel as out. The 
FO is directly calibrated for 160 and 80 meters on the 

Nati tttt al SCN" dial. The lower row of contr4,1, are, left 
to right, keying jack, buffer plate tuning, meter -witch 
and the filament switch. To the right of the t‘so meters 
are the final plate-tuning and the swinging-link rum to 

Circuit 

The circuit is shown in Fig. 6-79. A 6AG7 is 
used in t he series-tuned V FO which works on 160. 
The oseillat or plate circuit, which is untuned, is 
capavity coupled to another 6AG7 in the buffer 
stage. Cathode bias is sum died to the buffer stage 
by R3. The buffer screen voltage is taken from the 
regulated source that supplies the VF( section. 
The buffer operates straight through itnd is 
coupled to the final-amplifier grid by An 813 
was chosen because of its low drive requirements 
and its adaptability to a wide range of platc 
voltages — it is possible to run an input of 21111 
watt>, with a plate voltage as linv its .12114 The 
stage is neutralized by means (ir a sitnple home-
made condenser, The convent loran now raliz-
ing connection, shown in dotted lines, was not 
used in this instance. Stray wiring capacititnc,, 
are swift that the circuit is •• over-neutraliz,..i. -
requiring the introduction of positive, ji i- i 
negative, feed-back or neutralization. Tic•i,•1,0-,•, 
the neutralizing capacitanee is directly from griii 
to plate. However, the use of different compo-
nents, or a slightly different layout, may tliquire 
the vonventional connection shown in dotteil 
lines, rather than the one used. 

Fixed bias is supplied to the final iimplifier 
by a 50- ma. selenium rectifier and a small filament 
transformer, 7'2, working in reverse front the 6:1-
volt filament supply. A V11-150 is used to stabil-
ize the biasing voltage. Screen voltage is supplied 
from the high-voltage source through Rs and kg 
to provide it. simple means of modulating both 
plate and screen. 
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Construction 

'rite transmitter  is (.“ rrusted entirely on a 
standard 10 X 17-incli , diassis with a 1034-inch 
panel. The VFO portion is built on the left-hand 
side of the chassis. The 6A( ;7 socket is inverted so 
that the tube extends bid, \\ the chassis. This 
method allows all of the wiring On the socket to 
be enclosed within the shield. C4, CI; and the 
grid resistor, RI, are all soldered directly to the 
soeket, and the filament by-pass condensers, C23 
and C24, as well as the semen bv-pass condenser, 
C7, a 11 sOlderelI dit ' it to g;iound from their 
respective pins. Shielded power wires are brought 
in t() t Ite einnpart meld through rubber grommets. 
The r.f. date lent to the einpling condenser, Cs, 
is made of a short piece of 1111 /59-C coaxial 

cable and titis also is brought up through the 
chassis along with the power It ' ti Lt, the V FO 
coil, is close-wound on a 1-inri  \ linen form and 
is mounted on a half-inch cone insulator. The 
ends of die winding are solderial directly to their 
connections. Two half-inch sit: leers are use il to 
hold the VFO tuning condenser, C2, above the 
chassis so as to line the shaft up with the drive 
mechanism of the National SCN u liaI. The oscil-
lator padder, CI, and its mounting bracket are 
bolted firmly to t he vliassis. A 3 X 4 X 5-inch alu-
minum utility box is used to cover the VI"( cir-
cuit. A small opening ctut in the front eibVI`r :MOWS 
the tuning dial to turn freely. 
The oscillator plate choke,. RFC2, and the buffer 

grid choke, RFC3, are mounted vertically. The 
choke terminals are used as tie points for the 
coupling condenser, Cg, and the buffer grid re-

I *ig. 6-78 — A s I' t, of the 's FO section with the eoser 
re ed. The ins erted 1117 socket is just to the 14.ft lif 
the tuning eondemer. i. to the front of the 6 \ I:7 
socket, the shielded mire connected to the choke is the 
key ing lead. 'I'he grid coil is mounted on a half-inch cone 
insulator. The padder condenser is mounted on a -L--
shaped bracket to the right of the tuning condenser. 
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V FO 

6AG7 

1.8 Mc. C3 s Ce 

NEV 

6AG7 6R07 

C22 .1.C24 

I P itt," 

BUFFER 
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A 

54 
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T2 , 4.00E 

 -1211;  
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— TI -4- -4- +0 *ç1.— 33070400e 
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6-1— `Q1" 115V 4‘, _ 7 27 )1 

1-1 RFC8 

 Tc" J000  
Fig. 6-79 — Circuit diagram of the 200-watt 160-meter transmitter. 

FINAL AMP 
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VR-I50 ACE BDF 

CI — 100-pad. variable ( NI illen 22100). 
C2 — 50-ppfd. variable ( Millen 19050). 
C3, C5, CI4 100-55 61. mica. 
(:4, Cs — b80- pfd. sil% ere.' mica. 
C6, C7, Co, CH, C12. 1:13, C15, CI6, c23, C24 -- 0.01-/Afd. 

disc ceramic. 
Cio — 110-ppfil. variable ( Millen 19110). 
C17 — Neutralizing capacitance: see text. 

Cm, C21, C22 — 51100-volt mica. 
C13 — I hial-section variable. 200-ppfd.-per-seciion ( Na-

tional TM(-200-1)). 
C2s„ C2c — dectrolvtie. 
C27, C25, Czo, ( :30 — 0.1-pfd. molded, 

112 — 22,000 0111116, 2 watt. 
Ito — 220 ohms. 1 watt. 
114 — 10,000 ohms, 10 watts, adjustable. 

116, 117 — 100 010115. 2 w atts. 
Ho — 25.000 ohms. 50 Osait s. adjustable. 
Bo — 25.000 ohms. 50 soattO. 
Rio — 500 ohms, 2 watts. 
Li — 100 ph. — 68 turns No. 30 s.s.c. close-wound on 

I .j uni form. 
Lo — 70-ph. — 96 turns No. 24., 1-inch diam., 3 inches 

long (11 & \V 3016 Miniductor). 

sistor, R2. The buffer tuning condenser, Cm, is 
mounted directly in front of the tube socket on 
the vertical bracket supplied with the condenser. 
A B & \V :3016 Nliniductor has just about the 
right inductance for L2. 
The 813 socket is mounted directly on the 

chassis to the right of the buffer-tube socket, 
wit h the coupling condenser, C14, placed so that 
the leads are as short as possil)le. RFC5, the 813 
grid choke, is in front of tlie tube socket, near 
the grid-meter shunt. The meter shunting resistors 
for the buffer plate and the 51:1 grid circuits are 
fastened to a pair of two-terminal lug st rips. The 
813 screen-current shunt is MOunted on t wo small 
cone insulators and is connected with high-volt-
age insulated wire, since the screen voltage rises 
to the supply value when the tube is not being 
driven. All external power leads have v.h.f. 
filters. The components are placed in the enclos-

IS or 3.5 tic 

L. o 
7F) Antenna 
or Coupler 

C23 

C2, 

1200 TO 2000V. 

L3— 1.8 Mc. — 90 gh. — 56 turns No. 16, 3-inch diani., 
6 inches long over-all, -inch space at center 
for L4 (11 4% V( 160T\ 11 or T I. milli mounting 
for plug-in link ). 

3.5 Me. — 10 ph. — 38 turns No. II. 3-inch diam., 
6 inches long over-all. j.i"-incli space at cellier 
for L4 (II & Vi 80T% It or TV I.). 

1,4 — 5-turn variable link ( 11 & 111 3555). 
MA I — 1).e. milliammeter, 50-ma. scale. 
\ IA2 — 1).C. milliammeter, 500-ma. scale. 
11 FC2, HFC3., ItFCs — 2.5-mli. r.f. choke ( Na-

tional It - 100-S). 
It :4, It FC7 — 7-gh. r.f. choke (Ohmite Z-50). 

4-mh. r.f. choke ( National R- I52). 
RFCs — Line-filter choke (Ohmite Z-21)• 
Si — Single-wafer double-pole 3-position ceramic rotary. 
S2 — S.p.S.t. toggle. 
SR — 50-nia, selenium rectifier. 
Ti — 6.3-volt 3-amp. filament transformer (Stancor 

P-5014 or equiv.). 
T2 — 6.3-volt 1.2-amp. filament transformer (Stancor 

P-6134 or equiv.). 
Ta — 10-volt 5-amp. filament transformer (Stancor 

P-6139 or equiv.). 

ure formed by the aluminum barrier shield run-
ning the length of the chassis. 
The neutralizing " condenser," C17, consists of 

a strip of aluminum about a half inch wide and 
2 or 3 inches long, bent at right angles and 
mounted on a feed-through insulator near the 
socket grid terminal. The feed-through is con-
nected to the grid terminal and neutralizing is 
adjusted by altering the length of the strip or 
by bending it closer to, or farther from, the tube. 
The output tank condenser, C19, is mounted 

above the chassis on half-inch cone insulators. 
The shaft is connected to the tuning dial through 
a ceramic-insulated shaft coupling. The jack bar 
for L3 is supported on National GS-1 pillar insu-
lators and mounted alongside the tank condenser. 
Another insulated shaft coupling is used to extend 
the shaft of the swinging link to the panel. A 
length of coaxial cable is run from the link assem-
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Fig. 6-80 — Top % iew of the 
160-meter chassis renio eu 
from the cabinet. On the rear 
edge of the chassis are the 
twoll;  transfrrinersaml 
the N U tube for the bias slip-
. la is unclerin•atb. I ri 

[root of the transfitriners are 
the 6 W.; buffer tube. the 

-I SO regulator t. 'r tile 1.1 
and the aluminum I,, •-• bidd-
ing the oscillator seetion. To 

left of the 1113 are the 
Coal Iznik eomlenser and the 

;1--.•1111,1 , \ long 
the rear Id the vh,i,sis are the 
high-, . liage connector. the 
115-% It input conneetor. the 
gro lllll ling post mill the ex-
ri ter low-%oltage conneetor. 

• 
bly to the antenna terminal along the left drop 
of the ehassis. 
The shielding barrier is spaced 3 inaes from 

the rear. This et ti'! rout ains all of the a.c. 
wiring, the line ( 4fola-s and the bias supply. The 
high voltage to the final is routed through a hool-
through in the shield. L2 is cemented between t wo 
ceramic cone staml-off insulators on the other 
side of the harrier. 
The circuit of a suitable power supply for this 

unit is shown itt Fig. 6-75. A power transformer 
having a rating of 700 volts, r. t., 70 ma. may he 
substituted for the one speeified under 7'3. 
turns on the low-voltage supply and the filaments 
of the high-voltage rectifiers. S. t 2 urns on the 
high-voltage transformer. When S3 is open, a 
115-volt lamp, It, is connected in series with t be 
primary of the high-voltage transformer to reduce 
voltage during adjustment. 

Adjustment 

After turning on the low-voltage supply, the 
slider on R4 should be adjusted to the m Wit 
where the Nit, tube just stays ignited with tlw 
key closed. At resonance, the buffer plate current 
silo« uld be about 22 ma. and screen current ap-

• 

rig. 6-81 — Bottom iew of 
the 160-meter transmitter. 
R4 is to the left. l'he in% erted 
6M:7 oscillator tube is inst 
to the left of the buffer inn-
ing-condenser shaft. In Ir' nt 
of the 813 socket are the 
meter-shunting resistors and 
the invicr - mitt'''. Rs anti R!, 

ar.' t., the right of the 813 
socket. The final plate choke 
is 1111011111 W I I on lilt r;“i.t drop 
of the , lia-- i-. 1,11 no,er 
wiring is don, t, lilt 

mire to - 111 ,11rem.s .h.f. liar-
mon ieS. 

• 

proximately 8 ma. This should produce au 813 
grid current of 18 or 20 ma. When the key is 
opened, the buffer plate current should drop to 
about 12 ma. while the screen (•urrent is b.dueed 
almost to zero If there is any variation in huffer 
plate current : IS I tank enlalit is turned titi,igh 
its range with t he key open, a eheek shoubl he 
made for pa rasit ir oscillation, as discussed earlier 
in this chapter. 

In tuning up the final amplifier, the screen 
resistor, 11,, should he adjust(41 to leave about 
20,001 ohms in the circuit and quarter or half 
maximum plate voltage applied. A dummy load 
should be connected and the output tank tuned 
to resonance. As the load is adjusted to take 
current, the plate ;old screen vstItages can he 
increased slowly while checking the stability. 
For normal operation at maximum legal input, 
the screen voltage is raised to :150 and the plate 
voltage to 1200 or 1250. The coupling to tlw 
antenna or low! can then he adjusted, hy means 
of the variable link, to hring the power input up 
to 200 wat Is. 

In the case of 80- meter operation, it may be of 
some advant age to raise t sereen volt age to 400. 

(For further details see ()ST for July 1952.) 
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A Simple VFO 
The details of a simple VFO with output at 

1.75, 3.5 or 7 Mc. are shown in Figs. 6-82 t ' trough 
6-86. In the circuit, shown in Fig. 6-85, a Type 
5763 miniature pentode in a series-tuned Co4,0 ts 
oscillator circuit drive: a sim ilar tube as an 
amplifier or doubler. The output circuit of the 
eseillator stage is brnadbanded fijo ' ugh the use 

Fig. 6-82 — A simple VFO deli ring ',moat at 1.75 
3.5 or 7 Mc.. 

of self-resonant slug-tuned coils at L2, atol fre-
quency may be doubled in this circuit, as well 
as in the output circuit, to obtain 7-Mc. output. 
For 3.5-Mc, output, frequency may be doubled 
in either stage. The nominal output is approxi-
mately 2 watts -- sufficient for driving the usual 

crystal-oscillat It, stage of the transmitter. 
tt simplity t iii bandspread problem, the oscil-

lator tuning range is restricted. At 3.5 Mc, a 
range of approximately 250 kc, is covered. For 
c.w. operation in titis band, the band-set con-
denser, C2, is Sul s that the tuning condenser, 

covers anOro%linalely 3500 to 3750 ke. For 
operation in the phone portion of the band, C2 
is reset to shift the range to approximately 3750 
to 4000 he. ( 'i,rresponding ranges arc provided 
at the hasinonies, and the oscillator can be tuned 
low enough ( by C2) to cover the 11-meter band 
with appropriate doublérs. 

Construction 

The unit is built in a 5 X fi X 9-inch steel 
box with cap-type covers. The components are 
•tssembled on an aluminum-sheet base supported 
ity sections of aluminum angle stock that hold the 
base halfway between the two vovers. On top, 
the tuning condenser, is fastened directly to 
the base along the center line. The shaft is fitted 
with a National Type AM vernier dial. The two 
tubes and L2 are iii line to the right in Fig. 6-83 
with the nut put tank coil, L2, to the left of the 
amplifier tube. Tice L2 coils are wound on Millen 
Type 74001 shielded slug-tuned forms. 

Underneath, in Fig. 6-84, the band-set con-
denser, C2, is mounted against the front of the 
box. A short lead through a feed-through point 
or clearance hole connects the stator of C. to 
the stator of CI above. LI is wound on a Millen 
1-inch coil form and is placed immediately to the 
rear of C2. The output tank condenser, CO3 is 
mounted on a bracket with its rear stator termi-

Fig. 6-83 — The top of the simple \ FO showing the Fig. 6-81— Bottom view of the simple FO showing 
oscillator tuning condenser, the tubes and plug-in coils, the arrangement of parts unili•rneath. 
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1.751k. C5 

6.3V. 

V FO 

I 75 or 3 5 Mc. 
Co 

j 

5763 5763 

a()_s 

1 

Fig. 6.85 — Circuit diagram 

C1 — Approx. 15-ppfd. variable ( Millen 19025 with all 
1.3 but 1 rotor and 2 stators removed) 

C2 — 100-ppfd. variable ( Millen 22100)-
C3, C4 — 0.001-51d. silvered mica. 
Cs, Cs, Cis — 100-mati. mica. , 
Cs, C7, CS, C11, C12 — 0.01 -pfd. disc ceramic. 
Cm. Cia — 0.001-pfd. eeramic. 
(:14 — 140-ppfd. sarialilu• Millen 22140). 
• 112 — 47,000 ohm.. I 2 , at t. 
— 62 turns No. I inch diam., close-wound. 

• — 1.75 Mc. — 2 In turn- No. 36 d.s.c., ! 2 inch diam., 
close -w I \I Men 74001 form).(300 ph.) 

— 3.5 Mc. — 121. \,,. 30 2 ¡ unit ilium., 

nal close to the coil socket. It is plam I so t hat 
its insulated shaft-extensit et control will balance 
up with the control for C2 in front.. 
The various r.f. chokes and fixed ccindensers 

are grouped closely around the sockets with 
which they are associated in the circuit.. All power 
wiring is done with shielded u-ire and coaxial 
output terminals are provided at the rear for 
either capacitive or link coupling. Key and power 
connections are made through the octal plug. 
Several ventilating holes are cut in the longer 
sides of the box and also in the top cover. 

Adjustment 

The unit requires a regulated 150-volt supply. 
The supply diagrammed in Fig. 6-86 is suitable. 
First adjust RI, Fig. 6-86, to the maximum resist-
ance t hat will permit t he VR150 to stay ignited 
when t he key is closed. Then, listening on a can-
bra te, I receiver, ell tse t he key, set CI at maximum 
capacitance and adjust C2 until the oscillator 
signal is heard at 3500 kc. Tuning CI should 
then t.over flu' band up to about 3750 ke. Mark 
the sitting of C2, set CI at maximum again and 
adjust C2 until the signal is heard at 3750 kc. 

AMP—DBLR. 
175,3 5 or 7 MC 
C13 Cis 

of the simple V FO. 

close-wound Sullen 74001 form). (75 uh.) 
— 1.75 Mc. — — 45 turns No. 22 d.c.c., 

1 inches (ham_ close-wound (Bud OEL-160, 
14 turns reran% I. 

— 3.5 Mc. — 16 ph. — 20 turns No. 22 d.c.e., 1/2 
inches diam., close-wound (Bud 0E1.-80,8 turns 
removed). 

— 7 Mc. — 5 ph. — 12 turns No. 22 d.c.c., 134 inches 
diam., 3% inch long ( Bud 0E1,-20). 

Ji — Chassis-mounting octal plug. 
J2, J3 — Female coaxial connector (Jones MOLD). 
111.1:1 — 2.5-mh. r.f. choke ( National R-50). 
liFC2, liFC3 — 2.5-mh. r.f. choke (standard type). 

Then CI should cover the range from 3750 to 
approximately 4000 kc. Repeat the process, 
setting C2 for about 3350 kc. to obtain the proper 
range for 11 meters. 
To adjust the remainder of the circuit., turn 

the slug of L2 in full. Touch a small neon bulb 
to the capacitive output terminal and adjust C14 
for maximum indication. Check the output fre-
quency with a wavemeter, since indications may 
be obtained at any multiple of 1.75 Mc. When the 
VFO is connected to a following stage, C14 and 
L2 should be adjusted for maximum grid current. 
For capacitive output coupling, connection is 
made at J2, while J3 is provided for link coupling. 
With capacitive coupling, the output tank circuit 
should resonate with coaxial-cable lengths up to 
five or six feet. The frequency should be re-
checked, since the setting of C14 will be influenced 
somewhat by the length of the coaxial cable with 
capacitive coupling. C14 may require an occa-
sional touch-up in tuning the VFO across the 
band. A milliammeter connected in series with 
the key should read approximately 40 ma.; about 
half of this is taken by the oscillator screen and 
plate circuits. 

Fig. 6.86 — Circuit diagram of a 
power supply for the simple VFO. 

CI, C2 - 16-pfd. 450-volt electro-
lvtic. 

IIi — 5000 ohms, 25 watts, ad-
justable. 

Li, 1.2 — 10-h. 50-ma, filter choke. 
Ji — Octal socket. 
Si — 3-amp. toggle switch. Ti - Power transformer: 325-0-

325 volts r.m.s., 40 ma.; 
6.3 volts, 2 amp.; 5 volts, 
2 amp. 
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Fig. 6-90 — Circuit diagram of a 
suitable power supply for the 
silenced VFO. 

CI, C2, C3 — 40-tifd. 450-volt 
electrolytic. 

Rt — 10,000 ohms, 25 watts, ad-
justable. 

— 5,000 ohms, 10 watts, ad-
justable. 

I.2, 14 — 15 hv., 50 ma. 
Si — S.p.g.t. toggle. 
T1— Power transformer: 350-0-

350 Noll. r.m.s., 70 ma.; 
6.3 volts, 2.5 amp.; 5 
volts, 2 amp. 

oscillator output by 
decreasing the size 
correct the trouble. 
To adjust the bandpass coupler in the output 

circuit, it is first necessary to connect the unit 
to the stage it is to drive in the main portion of 
the transmitter. This should be done with as 
short a lead as possible. In the arrangement 
shown in the circuit diagram, direct connection 
of the output to the grid of the next stage is 
shown, so that the fixed bias applied to the 
keying circuit can also be applied to the following 
stage. This is a requirement if full advantage of 

increasing the size of R3, or 
of either R2 or Rd should 

Input 
Iron, V FO 

(A) 

VFO 
Input 

(B) 

13+ 

6AG7 3.5-7 Mc. 

To 3.5-71,4c. 
Tuned Circuit 

RFC 

Fig. 6-91 — Two suggested methods of coupling the 
V FO unit to the transmitter. In both ra,•-• the 6AG7 
is used as either a doubler or quadrupler front the output 
of the V ro. \ , a former erystal-oscillator stage has 
been revised t. , perate with fixed bias. In B, a switching 
system providing for either VFO or crystal control is 
shown. 

Ci — 0.001-pfd. (or larger) mica. 
Ht — 10,000 ohms, 1/¡ watt. 
R2, 113 — 47,000 ohms, watt. 
Si — Double-pole 3-or-more-position ceramic. 
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 o 
6.3 V, A.G. 
 o 

the " silenced" feature of the design is to be 
gained, as explained below. Once connection to 
the grid of the following stage is made, open one 
side of the secondary circuit of the bandpass 
coupler, separate the two coils as far as possible, 
and resonate the primary circuit with the oscilla-
tor set to the center of the band. Reconnect the 
secondary, open the primary circuit, and resonate 
the secondary circuit, adjusting it for resonance 
in the center of the desired pass-band. A grid 
dip meter will be invaluable in making these 
adjustments, although they can be done, at a 
sacrifice of time, by other methods. Once both 
circuits are resonated properly, move one coil 
closer to the other a fraction of an inch at a time 
until the response of the coupler is flat across 
the band. Output should be observed by noting 
grid current in the following stage as the main 
tuning condenser is tuned through its range. If 
the output varies widely from one end of the 
band to the other, readjustment of the trimmer 
condensers, and the coupling between the wind-
ings, is required. Sufficient drive for the former 
crystal oscillator in almost any modern trans-
mitter should be available across the entire band. 
To eliminate the last trace of signal from the 
oscillator, it is usually necessary to apply a 
certain amount of fixed bias to the grid of the 
stage into which the VFO works. When con-
nected as indicated in Fig. 6-88, the 75 volts bias 
from the VFO power supply will be applied to 
the grid of the following stage. If the following 
stage has a grid blocking or coupling condenser, 
this should be removed. Any grid leak in this 
stage also should be eliminated. 
Adjustment of the keying characteristics is 

made by changing the resistance and capacitance 
in the keying circuit, as described elsewhere in 
this book. A variable resistance, RS, is included, 
but some experimentation with the value of Cl2 
may be needed to suit individual tastes. 
The diagram of a suitable power supply for 

this unit is shown in Fig. 6-90. R1 should be 
adjusted until the two VII tubes operating from 
this branch stay ignited under load. R2 should 
similarly be adjusted until the VII tube stays 
ignited under operating conditions. 

(See QST, February 1950.) 
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A Beat-Frequency Exciter 

ti-94 shows the circuit diagram of a trans-
mitter frequency-generating unit employing the 
heterodyne principle. The output of the 61K6 
crystal ( eseillator :it 6500 ke. the output of 
the 6.\hill VFO, ,6yering the range of 2650 to 
3000 ke., are (1 mil ined in a mixer of t he balzuwed-
modulator type. The output of the mixer, which 
makes use of a pair of 613E6s, is tuned to the 
difference bet ‘veen these two frequencies to give 
the range of 3500 to 3850 ke. This range includes 
the e, w, nt ion of the 80-meter band and, by 
ad ling suitable frequency multipliers, all other 
bands up to and including the 28- Mc. band can 
be eovered. Wit h a change of crystal frequency, 
the unit ‘vill alsc, cover the 80-meter 'phone band. 
The tulvantage of such a system is that neither 

oscillator need be keyed for break-in operation, 
since the fundamental told harmonies of both 
oscillators fall outsi( h. amateur bands and there-
fore do not cause inter6-rence in the receiver. 
Both oscillators run continuously, while the 
mixer is keyed. Thus the keying characteristic 
can be shat sal as desired to (-Muhl:de key clicks 
without t he danger of introducing chirp. 
The 6131 -: lis in the balanred-modulator circuit 

are connected with their plates in push-pull. The 
NTO hive is fed to the two No. 1 grids in parallel, 
while t he (• ryst al-oscillator signal is fed in push-
pull to t he No. 2 grids. The VF() fundamental 
and harmonics Ore out of phase in the push-pull 
output eircuit and are canrelled to negligible 
amplitude, so that the only signal present is the 
de si re. I di trerenve beat to which the out put circuit 
is tuned. 

Amplifier Section 

The output of the eircuit shown in Fig. 6-94 
will be quite low, and unless an adequate buffer-
doubler section is already available, the addition 
of an amplifier will In. necessary. Fig. 6-95 shows 
the circuit of a stable output section sufficient to 
drive a beam-tet rode final to rated input on the 

Fig. 6-92 — A heat-frequency exciter built by U-6RZL 
The dial at the left controls the frequene o'f the Ft) 
and thereby the frequenev of the em•iter output. 
The other two dials are for the cry stal-o-cillator and 
amplifier-output tanks. 
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fundamental frequency. As a f(-ature of con-
venience in tuning, a bandpass coupler is in-
eorporated in the output of the mixer, thus 
making readjustment of this stage unma-essary 
over the range of operating frequencies. 'rhis 
coupler, consisting of and r2L-2, Fig. 6-95, 
is merely substituted for the output eireuit C7L: 
in Fig. Ii-91 when the amplifier section is added. 

UAQ5 ut it Ulled buffer stage, although not 
strict ly essential, provides a small amount of gain 
and, mow important, eliminates the need for 
neutralizing the output stage, even when a 
poorly-screened tul Id, such as the 6L6, is used. 

Construction 

Figs. 6-92 and 6-93 show toi example of the 
const ruetion of a unit of this type. The exciter 
shown in the photographs is not the one whose 
circuit Iliagram appears hen., alt hough the circuit 
is essentially the same aside from the use of 
regular-size tubes. Mechanical stability of the 
variable oscillator, its drift characteristics and 
freedom from a. e. ripple are just : is important 
in the beat-frequency unit as they are in a con-
ventional \TO. Although a high-è Haig ley VFO 
is shown in the diagram. a ( lapp-type rircuit can 
be used just as well, with a probable improve-
ment in drift characterist ies. It is suggest t hat 
the first step in construction be the building of 
the variable oscillator, followed by the crystal 
circuit and then the mixer and amplifier sections 
in that order. The proper functioning of each 
stage can be checked as (-unstring il Iii progresses. 
Individual shielding of the variai le-oscillat II- and 
mixer coils is revommended. The output tank of 
the ann)lilier sertilm should be shielded fiann the 
preceding stages by a partition. In the rear-view 
photograph of Fig. 6-93, the VFO is in a separate 
shock-mounted box to the right. The tuls. is 
mounted externally in a horizontal position. The 
power-supply to the left is likewise a serial-ate 
unit and is cushioned to prevent transmitting 

Fig. 6-93 — Rear view of W6RZL's exciter. The shielded 
compartment encloses the variable oscillator. The power 
supply is a detachable shock .1111 ttttt ted assembly. Octal. 
instead of  'attire tubes, were used in this particular 
unit. 
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A Remotely-Tuned VFO 

The \TO shown in Figs. 6-97 through 6 - 101 
is a series-tuned Colpitts (Clapp) circuit built in 
two sections. The large rompartment contains 
only the tuned circuit (Fig. 6 -98A), while the 
other contains the 5763 tube atol a pair of 0152 
voltage regulators ( Fig. 6-0813). The two are con-
nected with a piece of double-conductor (staxial 
cable that may be of any length up to 10 feet or 
so. The advantages of such a system are, first, 
that the tuned circuit is well removed from heat-
generating equipment, ii ' lut  the oscillator 
tube itself, and second, that it forms a con-
venient means of remote fret ueney control. 
While this arrangement wits designed primarily 
as a driver for the frequency- multiplier unit de-
scribed later in this chapter, in many cases the 
existing crystal-oscillatm• tube of a transmitter 
can be substituted for the second unit mentioned, 
if the tube is a 6AG7 or 5763. If the grid- plate 
crystal-oscillator circuit is in use in the trans-
mitter, it should be possil de to feed the tuned 
circuit directly through the 2-conductor cable to 
the crystal terminals without modifying the 
crystal circuit in any way. R0-22/U is recom-
mended for the connect itig cable. 
The oscillator operates in the 3.5-Mc, region 

and the bandspread tuning system, consisting of 
C2 and C3, is designed to cs wer the desired 

frequency ranges in t Itree steps, when CI and C2 
are altered as described under Fig. 6 With 
one set t ing of C2, t he t uning condenser CI spreads 
the range () I' 350) to 3750 kc. out over It5 tier cent 
of the National AUN dial. Since this fundamental 
range covers the mo st-used SO-meter e. iv, fre-
quencies, and harmonics of this range cover ill 
of the higher-frequency bands, excepting only 

the 11- meter band, this range will usually suf-
fice for 93 per vent of all operating. By shifting 
the set ling of C2, the range of 3750 to 4000 ke. is 
spread out over about 75 per cent of the dial. 
The 11-meter band is provided for by a third 
setting of C2. 

Tuned-Circuit Unit 

The tuned circuit is housed in a 5 X 6 X 9-inch 
aluminum box. An enclosure of this size is needed 
not only to provide mounting for an adequate dial, 
but also to permit spacing the coil well away from 
the sides of the box so that its Q will not be dras-
ticalh' reduced by the shielding in its field. 
The dial is first mounted centrally on one of the 

5 X II- inch sides of the is ix. The turfing condenser, 
CI, is t hen (3)uplist lit t he dial and the mounting 
step at the rear of the condenser is supported 
against the bottom of the I )()x with a heavy metal 
spacer cut to fit. The band-set condenser, C2, 
is shaft-hole mounted 1 inch in from the left side 
and bottom of the box. This necessitates drilling 
the shaft hole through the edge of the dial frame. 
C3 is soldered directly across the terminals of 
C2. The knob is a National HRS-5. 
The B & W coil is removed from its mounting 

by first drilling out the rivets in the plug-in base, 
leaving the metal angle pieces at each end :a-
t:wiled to the coil, and unsoldering the leo Is 
from the pins. The link winding is carefully re-
moved by snipping the turns and prying the spar-
ing lihicks lo(ise with a knife. One turn is removed 
from the roil itself. The roil is then mounted on 
National GS- 1 pillar insulators so that it will be 
centrally located in the box in hntil directions. 
The thm-contiwt jack ft (r the remote- tuning 

Fig. 6-)7— The remotely-tuned N FO. The large box contains the tuned circuit, the smaller one the oscillator and 
voltage-regulator tobe.. The two ter ais on the smaller box are for output and key connections. 'Ile power con-
nector is at the end "ipo-ite the calde connection. 
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C3 

(A) — (B) 

Fig. 6-98 — Circuit of the remotely-tuned VFO. 
— Approx. 12-tagfil. variable (Ilammarlund II F-15, 

rear stator plate removed, rear rotor plate bent; 
see text). 

C2 — Approx. 23-pgfil. variable (Ilammarlund il F-35, 
last stator and last two rotor plates removed). 

C3— 39-upfd. silvered mica. 
C4, C8 — 0.001-gfd. silvered mica. 
Co., C7, CA, C9 — 0.001-pfd. disk ceramic. 
Hi — 47,000 ohms, ) watt. 
112 — 10,000 ohms, 10 watts, with slider. 
Lt — 35 h. — 39 turns No. 18, 17.',j inches long, 1 q 

inches diam. (B & J I turn and link 
removed). 

.11, h — 3-contses female jack (78-PCG3F). 
— key jack — 'phono input jack. 

J4 — Insulated 'phone-tip jack. 
Ji — 4-contact male connector ( 11-.1 P-304-A11). 
11 FC1, Il FC2 — r.f. ch,.ke N:ttional 11-5(1). 
NoTE: RG-22.1. remote cable terminated at each end 

with Amphenol 91 - \ I I NI 36 male connector 
to fit ft and J2. 

cable is set in the back of the box, ami C4 and Cfi 
are soldered to its terminals. 

VFO 

Tube Unit 

The photographs show the essential details of 
the assembly of the tube unit. The enclosure is a 
standard 2 X 2 X 4-inch aluminum box. The 
three tidies are mounted on a shelf spaced 1,1? 
inches from the top of the box. Titis dimension is 
critical if the tubes are to be removed without dif-
ficulty. The keying and output jacks are mounted 
in one of die envois, below the 
shelf awl the power tot ieutor 
is mounted at one end and the jack 
for the coax cable fa the other. The 
resistor, R2, is mounted on top of the 

• 

Fig. 6-99 — Interior 
of the tuned-circuit 
box. C4 and Cs are to 
the rear. C3 is sol-
dered across C2 to 
the left in front. 

OUTPUT 

4 

RFC2 

R2 
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shelf, alongside the tubes, on 
the same side of the box as 
the keying and output jacks. 
This makes it possible to re-
move the tubes and adjust 
the slider by removing the 
blank cover of the box. The 
resistor is supported between 
two small angle pieces joined 
with a piece of threaded rod 
(or a long (i-32 screw) 
through the resistor form. 

All wiring, with the excep-
tion of the connections to the 
keying and output jacks and 

the cable connector, ctin be done before the shelf 
is placed in the box. This int-ludes connections to 
the power connector which mounts from the in-
side. In the bottons view of Fig. 6-101, the plate 
choke, RFC2 is to the lower left, soldered between 
Pin 6 of the 5763 socket and Pitt 5 of the socket 
of the first 0112 regulator. The cathode choke, 

is above, with one end fastened to Pin 7 
of the 5763 socket, while the other end is left free 
until the cover plate carrying the ktty jack is 
ready to be put in place. C0 is soldered directly 
across .13. 14:0 is of proper length are made for 
the jacks and cable connector. and these connec-
tions can lie made after the shell has been put in 
place, anti just before the ii vi is put on. Care 
should be used in placing t he tithes in t heir sock-
ets, since there is lit t ht height to spare. If neces-
sary, tile tips of the tubes can be mutt up through 
the ventilating holes in t he top of the box to al-
low the pins to clear t he sockets. 

Power Supply 

Any power supply delivering bet )Veen 250 and 
400 volts at 50 ma. or more may be used to op-
erate this VFO. If a 120-ma. transft >mutt., instead 
of the 70-ma. unit specified for t he power-supply 
diagram of Fig. 6-107, is provided, the VFO and 
the niultiplier unit may be operated from the 
single supply. 
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Adjustment 

Adjustment of the frequency range for maxi-
mum bandspread is quite simple. Set CI to a dial 
reading of 5. Then adjust C2 until the oscillator 
signal is heard on the receiver at 3500 ke. Set the 
receiver to 3750 kc. and adjust C1 until the signal 
is heard. If this occurs with the dial set at less 
than 100, carefully bend the rearmost rotor plate 
of CI away from the adjacent stator plate, making 
sure that the plates do not touch and short the 
condenser in any position of the rotor. Turn CI 
again to a dial reading of 5, reset C2 for 3500 kc., 
and check again for the point where CI tunes to 
3750 ke. By proper adjustment of the rotor plate 
on CI, the 3500-to-3750-kr. range can be made to 
cover the entire dial, or as much of it as desired. 

'Phone Band 

After this initial range has been set, tune the 
receiver to 3875 kc. Set CI to midscale and adjust 
C2 until the VF() signal is heard. Then the range 
of 3750 to -10(X) ke. should be approximately cen-
tered on the dial with a coverage of about 75 di-
visions. The range can be shifted one way or the 
other by simply shifting C2 slightly. 

• 

Fig. 6-101— Bottom view 
of the tube-unit shelf. 
RFC] is above, RFC:2 he. 
!ow. (:6 is soldered to h 
on the cover plate. The 
Iwo leads going to the 
left saltier to the cable 
connector. The one to the 
left above goes to II, the 
lead to the right tt, J3. 

• 
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Fig. 6-100 — The com-
pleted tube section with 
the tubes in place. 1 co-
tila lion holes are drilled 
in the top of the box und 
in the plate covering the 
free side. 

• 

11-Meter Band 

If it is desired to renter the 11-meter band on 
the dial, set C1 to midscale, set the receiver to 
3387 kc. and adjust C2 until the VF() is heard. 
All three settings of C2 should he plainly marked 
so that they can be returned to when desired. 
The cathode current may vary over the tuning 

range from about 28 ma. with both CI and C2 
set at maximum capacitance to 37 ma. with both 
at minimum. 

In using the \TO, the tube unit should be 
played (' il >5e to the stage t,Ilw driven and fastened 
securely to the chassis. A short lead should be 
used to connect the output terminal to the grid 
of the stage to be driven. If the driven stage has 
no grid condenser, a 100-mmfd. mica condenser 
should be conneeted between the output terminal 
and the grid of the driven stage. If more than 
adequate drive is obtained, the screen of the os-
cillator tube can be connected to the junction 
between the two VR tubes, rather than to the 
end of 112 as shown in Fig. 6-98. Titis unit is not 
a power device, and adequate gain in the way of 
a crystal-oscillator tube or other buffer amplifier 
should be provided. 
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A 6-Band Frequency-Multiplier Unit 
The unit, shown in I its. 6-102 through 6-107 is a 

subassembly containing all tubes and circuits 
necessary for multiplying frequency from any 
low-power 1.75- or 3.5- Me. VFO or crystal 
oscillator. It gives enough output on any of the 
six bands from 3.5 to 28 Me. to drive any amplifier 
tube such as the 2E26, S07, or 6146. Changing 
from one band to another is simply a matter of 
clicking a switch and resonating with the single 
control for maximum grid current to a following 
amplifier. 

The Circuit 

The circuit diagram is shown in Fig. 6-103. The 
first stage, operating at 80 meters, uses a well-
screened tube, the 6A K6, bepause it is called upon 
to work as a straight amplifier when the VFO 
output is in the stone band. Type 6(1 trio les are 
used in the remaining stages Whieh are always 
operated as frequency multipliers. 
The 80-meter circuit is designed to cover 3500 

to 40(X) kc. Cs is a bandspntad padder. However, 
when the bandswiteh is turned to the 7- Me. 
and higher-frequeney positions, CH aghls enough 
calf:grit:wee aeross the 811-meter tank cireuit to 
shift its lowest frequency to about 3350 kr. Si) 
that the harmonics will include the 11-meter 
Imnd. It is to titis second range that the following 
stages are tracked. The 21-Mc. band is reached 
by tripling frequenry in the stage otherwise 
usegl 1-1 lit. The bandswit eh shorts out an 
appropriate portion of Lti for 21 Mc. 
The trimmers, Cis and C2s, are to compensate 

for the differeitre In‘tween the input, capaeitance 
of the 6( Is and the larger capacitance of the 
screen-grid tube to be used in the amplifier, 
therelty automat ivally maintaining proper condi-

Fig. 102 — This small package 
contains the necc...ir fre-
tilleneV   1,0 et, r 

pitt "'; ails 4,1 titi  halt' 
:to t, lit from any 1.7.7.-

, it) or crystal os-
cillaior. The itch knob at 
the leot t. ii, -t•Ivrt- the band, 

tu ill' I ild• -in:Jr timing ronfrol 

rt , oslate- irciiits. I )•••• illillOr 

iiiiiit i_ connected to the pin 
jack in front: output on the 
de.dred band is taken fr  the 
one to the rear. The large hole 
below the row of t1,11 dating 
holes in the side ia for , oliieding 
the 14-\1c. grid triluoit,r, % 
single hole in tito opposite .olle 
tiro.% ides access to the 10-meter 
grid trig ttttt er. 
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tions for tracking. C16, C24 and C35 adjust the 
range over which the tuning condensers will tune. 

All tubes are proteeted against excessive dis-
sipation, when not being driven, by the use of 
cathode biasing resistors. 

Construction 

If dimensions are to be kept to a minimum, it 
will be necessary to make a special shielding 
enclosure of sheet aluminum. However, if size 
is not considered an important factor, a standard 
5 X 6 X 9-inch box can be used. 
The chassis shown is made frotn sheet alumi-

num about II inch thiek. It is eig invites wide 
and 7! 2 ilIVIWS long, with 2-ineli lips Ismt down 
ah mg t he longer edges for fastening to the sides 
of the box. The box is made to fit the chassis as 
closely as possilile and has an inside height of 
4,f 2 iillthes. The front and the t wo sides are made 
front a single piece, with bent along 
Imtli top and bottom edges. Similar lips are bent 
along all four edges of the removable back. Tite 
t wo rear corners of the chassis must be notched 
out for these lips. 
The chassis is placed in the box with its top 

surface 2,f,.¡ invites down from the top of the box 
and a row of .!¡-inch holes is drilled along each 
side of the box, just above the chassis level. The 
top cover also is perforated. 
The bandswiteh is made up from Centralab 

Switchkit parts. The index assembly is Type 
P- I23 and the ceramic wafers are Type X having 
6 positions, 5 of which are used. The switch is 
mounted on aluminum brackets (with the tie 
rods in a vertical plane) to bring the center of the 
shaft 1% inches below the chassis. In the bottom-
view photograph, the first wafer at the top (80) is 
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Fig. 6-103 — Circuit diagram of the single-control frequency multiplier. 

Ci — 470-ppfil. mica. 
C2, C3, ( . (:10., C. C13, CH, Cis, C20, C21, C22, 

.( : 31, C32. C35, c:, C35. C39 — 0.001. 
pftl. disc ceramic. 

C7 — Approx. 65-ppfd. variable (sec text). 
CS — 100,61. Sii% ered mica. 
C9 — 220-ppfd. mica. 
Cit — 47-ppfd. silvered mica. 
C15 — Approx. 35-ppfd. variable (see text). 
CIS— 150-pfd. mica trimmer or 30-pfd. mica trimmer 

and 47-ppfel. silvered mica in parallel. 
C19, C24, C25, C33 — 30-ppfd. mica trimmer (Millen 

27030). 
C17, C2S, C26, C27 — 100-ppfd. mica. 
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C23, C34 — Approx. 25- pfd. variable ( see text). 
C33— ,r-opfd. mica. 
Hi, 114, Hs, Rs - 22,000 ohms, watt. 
112 — 3300 ohms, I watt. 
H3— 33,000 ohms, I watt. 
lis — 2200 ohms, 1 watt. 
R7 — 2350 ohms, 2 watts (two 4700-ohm 1-watt in 

parallel). 
Ils — 1940 ohms, 2 watts (3300-ohm 1-watt and 4700. 

ohm 1-watt in parallel). 
Lt — Approx. 12 ph. — 24 turns No. 22 d.c.c., 1-inch 

diam., close-wound, or smaller wire spaced to 
length of .‘'1 inch (see text). 

L2 — Approx. 4.2 ph. — 17 turns, :34"-inch diam., 17/32 

POWER 

PLUG 

4- - 
375 V. 6.3V. 

inch long (11 & W 3012 Minidurtor). 
L3 — Approx. 1.8 A. — 12 turns, " ¿-inch diam., .% inch 

long, tapped at 0;2" turns from ground end; see 
text (B & W 3011 Miniductor). 

— Approx. 0.4 ph. — 7 turns, •-inch diam., 7,is inch 
long (B & W 3003 Nliniductor). 

Ji — Four-contact male power connector (Jones P-304-
Ali). 

Pi — Four-contact female cable connector (Jones S-304. 
CCI)). 

RFC', RFC2, HFC3, RFC', RI- C3, liFCs, 11FC7, 111FCs 
— r.f. choke (National 11-100-S). 

Si — 4-pole 6-contact rotary switch (see text for assem-
bly procedure). 
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6-10,1— Top interior siew of the frequene multi-
plier showing the tiibe, mil-. and the tuning-condenser 
gang. The 80-meter eoil j. in the foreground Nith the 
6.110 to the right. Tla• 10-meter voil and plate trimmer 
are behind the \ Ko su jilt the 7- NI,•. lui : 1 to the left. In 
the second section to the rear, the I roil with its 
21-Me, tap is to the left, followed lo the 28-Me. plate 
trimmer and tube. The 20-meter 6CI, its plate trimmer 
and the 28-Me. coil are to the right. The lips along the 
top edges of the box are duplicated on the bottom, 

spaced 3 inch from the index head, with its point 
contacts to the left. The second wafer (10) is 
spaced I inch from the first with its point con-
tacts to the right. The third wafer (20 and 15) is 
spaced 2 inches from the second with its point 
contacts to the left. The last wafer (output) is 
spaced 1 inch from the preceding one with its 
point milt t ts a Is, tot he left. The rear mounting 
bracket is spaced inch behind the last wafer. 
The front mounting bracket is fastened to the 
index head at the shaft bushing. 
The tube sockets are placed 74 inch in from 

the edges of the chassis. The 6AK6 and the 
14-Mc. 6C4 are to the right, spaced 1% and 4% 
inches respectively back from the front edge of 
the chassis. The 7-Mc. and 28-Me. tubes are to 
the left, spaced back 25S and 6% inches re-
spectively. 
The shafts of the two tuning-condenser units 

are (•oupled together with a Millen type 39003 
rigid coupling. It may be necessary to file down 
the front end of the coupling close to the setscrew 
hole to permit the setscrew to get a good gril) 
on the short tail shaft of the front condenser. In 
the first condenser section at the front (80), the 
last 5 rotor plates are removed. In the second 
section (40), the first 9 rotor plates are removed. 
In the third seetion (20 and 15), the first 4 rotor 
plates are left in and the remainder are removed. 
The fourth stator plate of this section also is re-
moved, but the rest of the stators are left in. In 
the last section, all rotors except the last four are 
removed. 
The condenser gang is mounted on top of the 

chassis with its front mounting hole M inch from 
the front edge of the chassis. In assembling the 
unit, the condenser gang should be mounted first 
with screws at the two inner mounting holes only. 
Then the switch gang underneath should be 
positioned and the mounting holes in the brackets 
drilled to match the front and rear mounting 
holes of the condenser gang. In other words, the 
switch brackets should be fastened to the chassis 
by means of the front and rear condenser-
mounting screws. After the holes have been 
drilled in the switch brackets, remove the front 
bracket, fasten it down with the front condenser-
mounting screw, slide the front of the switch 
into the front bracket, fasten with the shaft nut, 
and then fasten the rear switch bracket with the 
rear condenser-mounting screw. 

Mount the tube sockets with the plate termi-
nals toward the nearest switch wafer. 
The two grid trimmers, and C28, are 

mounted vertically underneath, just to the 
rear of the seeond wafer and C2s immediately 
behind t he third wafer. Half-inch holes are drilled 
in the sides of the box and the (lassis lips are 
notched out so that these condensers ran be ad-
justed from the outside. The three plate trimmers 
are fastened on top of the chassis, using the near-
est choke-mounting screw to fasten the grounded 
side to the chassis. The other terminal of the 
trimmer is soldered directly to the appropriate 
tuning-condenser stator terminal. 

Coils 

Approximate inductance values for the coils 
are given wider Fig. 6-103 for the benefit of those 
who must wind their own. However, the use of the 
B & W Nliniductor roils has the itdvant age that 
the original coil dimensions can be duplicated 
elosely. This is lici•ussitry if pruning of the coils 
for tracking is j, he avoided. The 89-meter coil, 
Li, is wound on a Millen bakelite 1-inch diameter 
form, fastened to the chassis. The other coils are 
supported by their leads which are soldered 
directly to the condenser terminals. The 21- Mc. 
tap on L3 should be made with a pitee id wire 
about 3 inches long. When t he outer ends of the 
coil are soldered across t he ei oie tenser terminals, 
this tap, which comes near the top of the seventh 



turn, should be bent in a sweeping curve around 
the miter side of the coil (counterclockwise as 
viewed from the front) to the end of a wire from 
the bandswitch, milting up through a hole in the 
chassis drilled alongside the condenser frame. The 
tap is soldered to the end of this switch wire. 
Don't clip off the excess tap length until adjust-
ments for tracking, described later, have been 
made. 
The Centralab switches have t wit ti )tor contacts 

and C, and C17 are most convenient ly mounted 
by opening up the lower rotor taint:to so dull it 
does not make connection with the rotor, and 
then soldering the condenser between this termi-
nal and the other rotor terminal above. The 
lower terminal is then used also as a tie point 
for the preceding 0.001-µfd. plate blocking con-
denser and a lead going through the chassis 
to the tuning-condenser stator terminal above. 
C25 and C25 are soldered directly between the 
contact terminals of the two switch sections, 
while C27 is soldered between the terminal of the 
switch and the top end of the near-by grid choke, 
RFC7. CI is .soldered between the input pin jack 
and the grid terminal of the 61K6 socket. 

Mounting the Unit in a Transmitter 

In mounting the multiplier unit on a chassis 
with other stages, it is not necessary, of course, 
that it be placed close to the panel. By using 
extension shafts, it can be placed as far to the 
rear as desired. The unit should be fastened 

CHAPTER 6 
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Fig. 6-105 — Bottom view of the multiplier chassis 
showing the bandswitch, r. f. chokes and other small 
ti •nts. The 80-meter circuit is at the top, the 10-
meter circuit at the bottom. The 20-meter grid trimmer 
is to the right and behind the second switeh wafer. The 
10-meter grid trimmer is to the left of the third wafer. 
This view al, 0 shows how the remos able back a the 
elelosure is made. The text describes a somew hat dif-
ferent and simpler method of mounting the - is itch. 

securely to the chassis and the amplifier tube 
mounted o-lose to the otit;utt terminad The grid 
of the amplifier should be connected to the out-
put t ermii nil of the multiplier ut il with :t shod 
wire well spaced from the chassis. anil the cathode 
of the amplifier should be gralti.le.1 or 1)y-passed 
immediately to the chassis. If the grid wire, or 
the path from the amplifier cathode to the multi-
plier box is much over 6 inches limg, there may Ite 
a mitivealde loss in output at 28 Nic., and it nr 
not I possible to resonate the higher-frequettcy 
multiplier circuits. 

It is preferable also to have the oscillator 
located on the same chassis as the multiplier unit 
so that the coupling leads will be short. Ilowever, 
if the oscillator has the vinver and tuning range 
to spare, a piece of coax cable can be use il, as 
shown in Fig. 6-106. In order to do this, it must lie 
possil de to retune the oscillator output circuit to 
compensate for the capacitance of the cable. 

Power Supply 

A power supply delivering 375 to 380 volts at 
60 or 70 ma. is required to operate the unit. To 
assure adequate output, thc supply voltage should 
be close to this figure. A suitable circuit is shown 
in Fig. 6-107. 

Adjustment 

Until the unit has been tutted up, no plate or 
screen voltage should be applied to the amplifier. 
Means should be provided for checking t In am-
plifier grid current, or the voltage across its grid 
leak. While it should be possible to make adjust-

TABLE 6-I 
Typical Voltage Readings- (Supply Voltage 380) 

8 witch 
Po,ition 

W) 

40 

20 

Li 

10 

50 

Colt- Grid Sere, 
ode Leak 

65 25 235 17 

60 30 221 40 

59 30 211 36 06 

58 31 207 34 89 

56 30 207 34 69 

72 

93 

69 

o 

o 

126 

106 

120 

16 

16 

16 

16 

45 

o 

O 

o 

O 

130 

* By dividng these voltages by the associated resistance values, 
any desired current value may be easily calculated. 
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-y-

ments without metering the nniltiplier unit, the 
job will be a little easier if a milliammeter is 
inserted temporarily in the high-voltage lead to 
the power supply, at least. 
With the swit(11 in the 80-meter position, turn 

on the oscillator and tune it to 3500 kc. ( 1750 kc. 
if the oscillator output is at 160 meters). If the 
oscillator is erystal-controlled, use the lowest-
frequency crystal at hand. Now resonate the 
multiplier for maximum drive to the amplifier. 
With the multiplier tuned to resonance, adjust 
the coupling to the oscillator to give maximum 
drive to the amplifier. Maximum drive should 
occur with the oscillator developing a bias of 15 
to 30 volts across the grid leak of the 6AK6. If no 
other means is available, the drive to the 6AK6 
can be reduced by reducing the size of CI, Fig. 
6-106. If a VF() is used, the multiplier should be 
ehecked ;IA both 3500 and 4000 kc. to make sure 
it is covering tlm proper frequency range. (The 
nniltiplier must always be retuned, of course, 
for any appreciable change in oscillator fre-
(Iuency.) It may be necessary to spread out the 
last few turns of Li on the mil form to get the 
circuit to hit both ends of the band. 1)rive to the 

Coax cable -,, 

1 I  Mal t.j_ input 
terminal 

big. 6-106 — Suggested method 
of coupling N FO to multiplier 
unit. C: should be adjusted to 
gis e proper dri% e to first  lii. 
plier-unit stage. 

amplifier should be essentially the same any-
where in the band, pr(widing the output of the 
oscillator is re:Lsonably ii wst ant. 

With the 80-meter stage working properly, 
the switch should be turned to the 7-,\Ic. position. 
Set the VF'() to 3500 kc. and resonate the 
multiplier. If there is no indication of drive to 
the amplifier, it may be necessary to adjust the 
7-Mc. trimmer, Cue, a little bit at a time, retun-
ing the gang, until an indication of output is 
obtained. As an aid, a milliammeter in the high-
voltage lead should show a dip when C 16 is tuned 
through resonance. When an indication is ob-
tained, tune the gang for peak drive and then 
adjust C15 to increase the peak. The correct 
adjustment is the one where no readjustment of 
either the gang or the trimmer will increase the 
drive. Now turn the oscillator to 3750 kc. and re-
tune the multiplier. The drive to the amplifier 
should be essentially unchanged. 
Now tune the oscillator baek to 3500 kc. and 

retune the multiplier for maximum output. 
Leave the multiplier and oscillator tuning at 
this point and turn the bamlswiteli to 14 Mc. 
Adjust first C24, and then Ci 9, for maximum 
amplifier grid current. It may take a little jug-
gling hack and forth bet ween these two before 
a maximum reading of drive is obtained. The 
milliammeter in the high-voltage lead should 

T, 

Li i . 

115 YA C   

Fig. 6-107 — Circuit diagram of a suitable power supply 
for the frequency-multiplier unit. 

CI, C2 — 16-pfd. 600-volt wkg. electroly tic. 
IIi — 50,000 ohms, 10 watts. 
1.1 — 12-hy. 80-ma, filter choke. 
Si — S.p.s.t. toggle switch. 
Tm — Power transformer: 350-0-350 volts r.m.s., 70 

ma.: 6.3 volts, 2.5 amp.; 5 volts, 3 amp. (Stancor 
P-4078 or equivalent). 

show a dip when ('24 is tuned through resonance. 
Leaving all tuning adjustments fixed, turn the 

switch to the 21- Mc. position. Now adjust C24 
carefully and note whether an increase or decrease 
in capacitance causes an increase in drive to the 
amplifier. If it is an increase, lengthen the tap 
wire (see preceding section on coils) slightly. 
Then turn the switch back to 14 Mc. and readjust 
Cz4 for maximum drive. Then switch back to 
21 Mc. and cheek carefully again. By adjusting 
the length of the tap wire carefully, it should be 
possible to arrive at a condition where maximum 
drive is obtained both at 14 and 21 Mc. with the 
same adjustment of C24. 

Adjustment for 28 Mc. is similar to that for 
14 Mc., although it will be more critical. Careful 
adjustment of C29 and C35 will be necessary for 
maximum amplifier drive. The 11-meter band is 
covered lw tuning the multiplier to resonance at 
the desired frequency with the switch in the 
28-Me. position. Tin' various circuits should be 
checked with an lil sorption wavemeter to make 
sure that they are tuning to the right multiple. 
When the above adjustments for the low-

frequency ends of the various bands have been 
completed as described, it should be found that 
the output will be essentially the same at any 
point within a given band. 
The accompanying tables show typical voltage 

readings taken with the unit in operation driving 
the grid of a 61-16 amplifier. For further details see 
(1ST for April 1952, 

TABLE 6-11 

Typical Total Current and Output Readings 

Amplifier bias" (rolls) 

Total R ma. of resonance 

Total fl ma. off resonance 

80 40 20 15 10 

152 195 187 141 140 

41 47 53 60 60 

45 58 75 78 85 

Total 13 ma., no eziritation — 35 

• Average supply voltage 380. 
•• Voltage measured across 39,000-ohm grid leak of unloaded 

6146 amplifier. 
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A High-Power Tetrode Amplifier 

Figs. 6-108 through 6-113 show the construction 
of a high-power tetrode amplifier covering all 
bands from 3.5 to 29 Mc. It is capable of being 
operated at an input of 1 kw., although it will 
operate efficiently at less input. 
The circuit is shown in Fig. 6-109. The tube is 

the type 4-250A. A National type MB-40L 
"all-band" tank is used in the grid circuit. This 
circuit is a combination of inductance and vari-
able condensers that may be tuned to any of the 
above bands without switching or changing coils. 
A pi-section tank circuit is used in the output. 
It is designed to feed into a flat 52- or 75-ohm 
line, either feeding an antenna directly or through 
a conventional antenna coupler. A 13 & W rolling-
type variable inductance makes coil switching 
unnecessary in this circuit also. L2 is a separate 
inductance section for 28 Mc. Si selects the proper 
network output capacitance. 
The amplifier is neutralized by the capacitive-

bridge method. C2 is the neutralizing condenser. 
L1 and R1 form a v.h.f. parasitic-suppressor cir-
cuit. The plate of the amplifier is parallel-fed 
through the special r.f. choke, RFC4. All power 
leads are filtered for vhf, harmonics. B1 is a small 
electric blower required as an aid in dissipating 
the heat developed inside the shielding enclosure. 
RFC% is a safety choke to provide a d.c. path to 
ground in case C27 breaks down. Otherwise, high 
voltage will appear on the output cable if the 
condenser fails. 

Construction 

The amplifier is assembled on a standard 
chassis, 17 X 10 X 3 inches, with a 10%-inch 
panel. The grid tuner is mounted in a separate 
shielding enclosure at the right-hand end of the 
chassis in Fig. 6-110. This box is 3, 2 inches wide, 
5 inches high and 7 inches deep, made of 1 ¡6-inch 
aluminum sheet. This same material is used 
throughout the construction. A coax fitting at 
the rear of the grid-tuner box is the input con-

nector. The grid and neutralizing leads pass 
through the side of the box into the large com-
partment. The constructional details of the latter 
may be seen in Fig. 6-110. The over-all dimensions 
of this section are 13% X 10 X 7% inches high. 
Three-quarter-inch flanges are bent along all four 
edges of the side pieces. The front and back 
pieces have these lips only along the top edges, 
since they are made high enough to allow an 
overlap over the edge of the chassis at the bottom. 
All sides, except the top, aro fastened together 
with 6-32 screws and nuts. The top lid is fastened 
down by tapping screw holes along the lips 
around the top edges, and is perforated with 
3.-inch holes above the area of the tube. 

It is important that the pieces for this enclosure 
be made accurately so as to leave no gap at any 
point. If necessary, the pieces can be made by a 
local sheet-metal worker. 
The plate tank condenser is mounted centrally 

in the box, using sheet-aluminum brackets to 
space it from the bottom. The condenser is placed 
with its end plates running vertically, i.e., on its 
side. The variable inductance, L3, is placed 
alongside the condenser with the small fixed coil, 
L2, mounted by fastening one end to the forward 
right-hand terminal of the variable inductance 
and the other end to a lug under one of the rear 
condenser-stator nuts. A flexible strip of copper 
connects the coax output fitting to the rear 
terminal of the variable coil. 
The output condensers, excepting C4, are 

stacked up behind the variable coil and the selec-
tor switch. Si, is mounted on a small bracket to 
the rear, so that a control shaft may be run to 
the panel in between the tank coil and condenser. 
C4 is soldered directly across the output con-
nector. It may be helpful to series-resonate this 
condenser at the frequency of a local Tv station 
to minimize TV!. This can be done by adjusting 
the length of the condenser leads and checking 
with a grid-dip oscillator, as described in the 

Fig. 6-108 — A high-power 
shielded tetrode amplifier. 
The small enclosure at the 
left contains an all-hand 
tuner for the grid circuit. The 
dial near the renter controls 
the input ,,indenser of a pi-
section 011tput tank, mhile 
the knob at the right is the 
i•ontrol for a rtiller-t 

inductanc,•. The 
itch helm, ... lccts the prop-

er output capacitance. 

• 
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Fig. 6-109 — Circuit diagram of the amplifier. The broken line separates the above- and helms .c ias,is wiring. 
CI — 220-µµfd. mica. 
C2 — Disc-type neutralizing condenser, approx. 2 umid. 

with at least )4-inch spacing ( National NC-
800A ). 

C3— 150-551d. variable, 6000 volts, 0.171-inch spacing 
(National TM A- 150A). 

C4, C6, Cs — 100-apfd. mica. 2500 volts. 
C7, C8 — 220-add. mica, 2500 volts. 
C9, CIO — 470-add. mica, 2500 volts. 
C11 to C22, inc. — 0.001-mfd. disc ceramic, 600 volts. 
C23, C24, C26, C36— 0.005-afd, dise ceramic, 600 volts. 
C27, C28, C29 — 500-Muid, ceramic, 10,000 volts (Cen-

tralab TV3-501). 
RI — Five 680-ohm 1-watt carbon resistors in parallel. 
Li — Parasitic coil, 5!4 turns No. 14, %.inch diam. 

RI tapped across 3 turns. 
L2 — 5 turns No. 10, 2.1/./3 inches long, 1j/2-inch diam. 
La Variable inductor, 15 »h. max. (B & W 3852). 

chapter on TVI. At the lower TV frequencies, 
the condenser lead can be formed into a small 
coil of a turn or so. 
The plate-feed r.f. choke, RFC4, is placed to 

the rear of the tank condenser. To be effective 
on all bands, including the 21-Mc, band, it is 
necessary to alter the windings slightly, as shown 
in Fig. 6-111. It is a good idea to check the choke 
for resonances with a grid-dip oscillator after 
it has been placed in the position it is to occupy, 
but before it has been wired in, because proximity 
to surrounding components and shielding may 
affect the resonances. Performance of the choke 
will be poor at any frequency where the g.d.o. 
shows a resonance with the terminals of the choke 
short-circuited. 
The tube socket is mounted above the chassis 

on spacers that are just long enough so that the 
shielded wires going to the screen and filament 
terminals, with their by-pass condensers, just 
span the distance between the socket terminals 
and lugs fastened to the chassis below each termi-
nal. The lead then immediately passes through 
the chassis. Strips of copper sheet connect the 
plate terminal of the tube to the top terminal of 
the plate choke and the rotor terminal of the 
neutralizing condenser mounted on the right-
hand wall of the enclosure, as shown in Fig. 

— To series-resonate with C4 at desired TV fre-
quency. 

B1 — Blower and motor, 115 v. a.c. (available from 
Allied Radio, Chicago, catalog No. 72-702 
motor and 72-703 fan). 

ji, J2 — Coaxial connectors, chassis-mounting type. 
NIA' — 0-50 ma. (1.c. milliammeter. 
RFC', liFC2, BF( :3 — 2.5-mh. r.f. choke (Nom: 

RFC' is not supplied with the National MB-40L 
niultiband unit). 

RFC4 — National type 11-175 choke modified as shown 
in Fig. 6-111. 

RFCn, 2-al'. r.f. choke, 500 ma. (National 

Si — Single-circuit 7-position ceramic switch, pro-
gressive shorting (Centralab type P-1-S wafer). 

Ti — Filament transformer, 5v. 13 amp. (UTC S-59). 

6-110. The strips should be fitted carefully so as to 
avoid placing any strain on the cap terminal of 
the tube. The filament transformer is fastened 
down in the forward right-hand corner. Power 
terminals are lined up along the rear edge of the 
chassis. All r.f. grounds should be made directly 
to the chassis with the shortest possible lead 
length — even a half inch is worth saving. 

Underneath, the d.c. and a.c. leads come out in 
shielded wire. A 0.001-,ufd. disc ceramic by-pass 
is used across both ends of each lead excepting the 
high-voltage lead (see TVI chapter for method of 
connection). The high-voltage lead is by-passed 
with TV filter capacitors. RFC6 is installed dose 
to the high-voltage terminal. C20, en, C26 and C26 
likewise are fastened directly to the power 
terminals where the leads leave the chassis. The 
shielding of the power leads is grounded to the 
chassis by soldering to lugs wherever they pass 
through the chassis. The power wires are inten-
tionally made to follow long paths around the 
edge of the chassis to provide additional harmonic 
attenuation. The braid is grounded at frequent 
intervals by soldering to lugs that also serve as 
hold-downs. 
The blower is mounted on a bracket formed 

from a strip of aluminum. Air is forced through 
a set of holes in the chassis that duplicate in 
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size and arrangement the I ioles in the 4-250A 
socket. The filament-transformer terminals pro-
ject through clearance holes drilled iii t he chassis, 
and the four v.h.f. by-pass condensers, r2i, C22, 
C23 and C24, are connected directly from the ter-
minals to grounding lugs. 

Adjustment 

The diagram of a suitable power supply for this 
amplifier is shown in Fig. 6-113. With 150 volts 
bias, a grid current of about 25 ma. is optimum. 
aIt hough the plate efficiency will change but little 
wit h any grid current between 15 and 30 ma. The 
single fixed link provided with the grid tuner will 
not provide uniform loading of the driver stage 
with coax input, so means should be providn I in 
the output circuit of the driver for varying the 
coupling. 
Optimum screen voltage is about 400 and the 

screen current should run between 50 and 75 nia., 
depending on the plate voltage used. At 2750 
volts, a full kilowatt can be run to the amplifier, 
but it will work well at plate voltages as low as 
1500, with a plate current of 350 ma. 

It is important that the coaxial line into which 
the amplifier works be closely matched (see trans-
mission-line chapter) at its terminating end, 
otherwise there is danger of damage to the mica 
output condensers. To protect the contacts on 
the variable inductance, adjustments should be 
made with litle or no power input to the ampli-
fier. Experience will show where the tap should be 

rig. h-//0 --- Interior of the shielding compartment housing the .1-2:i0‘ and its output circuit. The neutralizing 
rundunscr ;Ind filament tran4nrmer may IM• sr it iii the for, ard right-hand g.triter. 

SPACE-

SPACE 

SPACE 

NO CHANGE IN 
THIS SECTION 

14 TURNS 
*8 TURNS 

5 TURNS 
*NO CHAN& 

9 TURNS 
* 6 TURNS 

NO CHANGE 

NO CHANGE 

Fig. a-1 I — The R-175 choke ass modified to work oit all 
amateur hands in the 3.5- to 0. Me. range, including 
21 Nle. 

placed for each band and thereafter it can be 
preset before applying full power. When reducing 
plate voltage, provision should also be made for 
reducing screen voltage, since otherwise the 
screen current may run to dangerous proportions. 

It is advisable to set the tank condenser so as to 
operate the output circuit at a Q in the neighbor-
hood of 12, as shown in the graph of Fig. 6-9, 
although it may not be possible to attain this 
figure at the extremes of th- tuning range. 
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• 

Fig. 6-112 — Bottom siew of 
the high-power tetrode ampli-
fier, show ing the small ven-
tilating fan and the - hielded 
pow er n king. hot torn 
plate on the neces. 
sae>. 

• 

The neutralizing condenser should be adjusted 
for minimum reaction on the grid current under 
actual operating conditions. The approximate 
setting can be determined by thé use of a grid-dip 
oscillator tuned to the operating frequency. All 
voltages should be removed and the g.d.o. 
coupled to the plate tank circuit. The neutralizing 
condenser should be adjusted for minimum r.f. 
in the grid tank circuit when both tanks are 
tuned to resonance. RI in the grid circuit can 
be checked with the aid of an indicating wave-
meter of the type described in the measurements 

Fig. 6-113 — Circuit diagram of a 
non er-supply system for the high-
power tetrode amplifier. 
— 8-gfd. 450-) oit cit irk tic. 

C2, Ca -- 4-gfd. 600-v oit ele, tic. 
C4 — 2-gfd. oil-filled, voltage ri;ting 

same as transformer r.m.s. 
Cs — 4-gfd. oil- filled. voltage rating 

saine as transformer ran.s. 
Ra — 25,000 ohm,., 27, v at 
— 25,000 ohms, 7,0 w rit 

lin — 50,000 ohms, 50 watt.. 
Hi, Rs — 25,000 ohms, 1 on w a t ts. 
IA — 30-hv. 50-ma. filter choke. 

5/25.-hy. 150-ma. sw 
— 20-by. I50-nia. smoothing. 

Ls — 5/25-hy. 500-ma. su r rig. 
La — 20-his. 500-nia. s lllll ° thing. 
li — 115-volt lamp of suitable size to 

reduce voltage for tune-up. 
St — 20-amp. s.p.s.t. switch. 
Na, S3, S4 — 15-amp s.p.s.t. itch. 
S6 — Ceramic s.p.s.t. rotary switch. 
T1, Ts — Filament transformer: 5 

volts, 3 amp. 
T2 — Plate transformer: 400 volts 

d.c., 150 nia. 
T4 — Filament transformer: 2.5 volts, 

10 amp., 10,000-volt insula-
tion. 

Ts — Plate transformer: up to 2750 
volts dc, 350 ma. 

VR — VR-150-30. 

Si turns on all filaments and the bias supply. S2 turns 
on the screen supply and Sa the high- voltage supply. 
Vi ith Ss open, a 115-volt lamp is inserted in series with 
the high-voltage-transformer primar) to lower plate 
voltage for adjustment. Opening Ss likewise reduces 
screen voltage. With all switches except S2 closed, S2 

chapter. Final touching up can be done after 
checking the operation with voltages applied to 
the tube. In connection with the neutralizing 
circuit, the value of C1 is fairly critical, but a 
capacitance within usual tolerance of the marked 
value should be satisfactory. 

In adjusting the loading on the amplifier, in-
creasing the output capacitance, or increasing the 
inductance, or both, while maintaining resonance 
with the tank condenser, will reduce the loading 
and vice versa. 

For further details, see QST for October 1952. 

...Screen 

-Bias 

r —oGnd. 

115 V AC. 

becomes the main control - witch. The tap on RS should 
be adjusted to give the desired screen voltage under 
operating conditions Milli 5 r dosed. Bias is obtained 
from the parallel-connected 5Z3 half-wave rectifier. The 
tap on Hi should be adjusted until the 1.11 tube just ig-
nites without excitation to the amplifier. 
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Rack Construction 
Many of the units described in the 

constructional chapters of the Hand-
book are designed for a standard rack 
mounting. This standardization fa-
cilitates the assembly and modifica-
tion of station equipment. Since the 
advent of television, racks of the en-
closed type have become a matter of 
practical necessity for transmitters 
to be operated without interference in 
neighborhoods where television re-
ceivers are in use. While enclosed 
cabinet-type racks of metal are 
available on the market, many ama-
teurs prefer to build their own less 
expensively from wood and copper 
screening. With care, an excellent 
substitute can be made. 

Fig. 6-114A shows a broken top view of an en-
closed rack made of copper screening stretched 
over a framework of wood strips 1 by 2 or 1 by 3. 
The copper screen, represented by the dashed 
lines and the cross-hatching, is stretched over 
the outside of each frame, wrapped around the 
ends on all four sides and tacked fast on the 
inside. The top and bottom are made in similar 
fashion. When the frames are fastened to-
gether, the screening makes contact all along 
each joint. Contact at the hinge of the door 
at the rear is assured by the use of a full-
length piano hinge. Trim strips of thin wood 

Rear Door 

Diemez4.eit., 

Side 

Capper . 
Screening 

Piane //laze 

areigniMe 

Front Header 

i¡ieeeekk>"' 1:777:7E1 
g=e2"---- Trim Strips 

KA) 

3y e$S 

6-115 — Detail sketch showing proper drilling for 
standard rack and panels. As shown for the 3' and 
5%-inch panels, only sufficient holes are drill,' in the 
panel to provide the necessary strength. ‘1 hen the 
panels are drilled as shown, they may be moved up and 
down in steps of I% inches and the holes will always 
match. 

along the two vertical 1 by 3s, which hold the 
panels, and across the top and bottom headers 
cover up the ragged edges of screening. 

As shown in Fig. 6-114B, the panel clearance 
should be 19%6 inches and the hole centers 
18% inches apart. Standard panels are in unit 
heights of 1% inches and the hole spacing 
alternates between inch and 1% inches as 
shown in Fig. 6-115. The table shows the 
standard drilling for panels of various sizes. 

oe. 
1im Strip 

Fig. 6.114 — A 
—  'l'op detail 
view of an en-
dosed relay rack 
made of wood 
strips and cop-
per screening. II 
— Panel-mount-
ing dimensions. 

TABLE OF STANDARD RACK DRILLING 

Panel 
Ht. In. 

* Hales 
In. 

29 
28 

31 %-30 
20 12-28!.4 
2744-26'2 

Panel * I 
In. 

26 1.¡ • 26 -2-1 ,4 
20, 24 ,, -23 
22 3.; 22' 2 21' 

Ili. In. In. 
21 2o ,,-19 1., 

PI 17 3.4 
17 12 17', lb 

Panel * 
lit. In.!  In.  

13 3.¡ 17,!.:Ï-14% 
II 113 3.¡-12!, ;.? 
12".i 12 --- 10 ,% 

Panel 
lit. In. 

10,q 

* Holes Panel * Hales 
In. lit. in. In. 

10 14-9 5% 5 -3% 
3%-2 

194 1y2-% 

* Any or all holes for smaller panels that follow may be added or substituted as desirable. hole distances are from 
either top or bottom edges of panel. 
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Constructing Safety Interlocks from Standard Parts 
Although interlock switches are recommended 

on all radio equipment so that when the cabinet 
door is opened all high-voltage circuits are de-
energized, such switches are not readily avail-
able, and many of the small commercial models 
are not in accord with local electrical codes. 

Microswitch 
BZE-2RN 

Length to fit cabinet 

ce......_ i rihinwall-conduit fitting 
AN 3057-8 fitting 
with rubber ferrule 

UL cord 

Fig. 6.116 — M icrosw itch mounting for service as rack. 
cabinet interlock. 

A neat and relatively inexpensive interlock 
switch that is quite safe and which will pass most 
electrical inspectors can be constructed easily 
from a Microswitch and a few standard fit tings. 
Constructional details are sketched in Fig. 6-116. 
Because all electrical parts are standard UL or 
AN fittings, and all fit together without alera-
tions, appearance is quite workmanlike and neat. 
Mountings for most rack cabinets are quite sim-
ple, requiring only straightforward machine work, 
with no highly-critical dimensions. 

Length of spacers, for Par-Metal rack cabinets 
of the Elt-223 series, should be about I 3 inches. 
The switch is held in place by two 10-32 rack 
screws through the side of the cabinet. Alterna-
tive mountings include a right-angle bracket, 
screwed to the rear frame of the cal oin t, and a 

bracket to support the switch from the rear of a 
convenient chassis. Best location for the switch is 
so that the actuating button is operated by the 
door catch housing when the cabinet door is 
latched. This eliminates any tendency of the 
switch to warp the cabinet door. 

satisfartory electrical location for a safety 
interlock switch is Indween the main fuse and the 
main system switch, as in Fig. 6-117A. If extra 
safety is desired, the interlock can he used in con-
junction wit ii an elect rically self-holding relay, as 
shown in Fig. 6-117B. This prevents accidental or 
intentional turning on of the power by manual 
operation id the interlock. Once the circuit is 
broken hy S2. li is necessary not only to close the 
interlock, lnd also to close the " start" or "on" 
push-lnitton switch before the system is elec-
trically live. Since this requires the use of both 
hands when the cabinet is open, the chance of 
shocks is at a minimum. 

Whatever circuit is used, some sort of safety 
interlock should be incorporated in every rack 
cabinet. Safety measures are much cheaper than 
funerals! 

AC 
Line 

A.C. 
Line 

Interlock -1-0-0,--7 

(A) 

Interlock 

s, 

Load 

S2 Locd 

Ry, 

(B) 

Fig. 6-117 — A — Simple interlock circuit. The switch is 
simply plugged in series with the a.c. line. LI— Circuit 
using interlock in conjunction with a locking relay. 'I'he 
switches are inash-button type. Si (on) is normally open, 
while S2 WO is normally closed. 
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Power Supplies 

Essentially pure direct-current plate supply 
is required for receivers to prevent hum in the 
output. Government regulations require the 
use of d.c. plate supply for transmitters to 
prevent modulation of the carrier by the sup-
ply, which would result in undesired hum in 
the case of voice transmissions and an unneces-
sarily broad c.w. signal. 

115V A.C. 

High A.C. 
Voltage 

PLATE .115v A.C.L1NE ITRANSFORMER 

115V. AC 

'et n U r. 

their use except where commercial a.c. lines are 
not available. Wherever such lines are avail-
able, it is universal practice to obtain low a.c. 
voltage for filaments and heaters from a step-
down transformer, and the required high-
voltage d.c. by means of a transformer-recti-
fier-filter system. Such a system is shown in 
the block diagram of Fig. 7-1. Power from the 

Hif%ige„9'eeffedifc 
nrYY1  

115V A C LINE 

RECTIFIER 

Low- voltage A.C. 

FILAMENT TO XM TR. FILAMENTS 
TRANS 

The filaments of tul es in a transmitter may 
be operated from a.e. Those in a receiver, ex-
cepting the power audio tubes, may be a.c. 
operated only if the cathodes are indirectly 
heated. 
The comparatively high cost and inconven-

ience of batteries and d.c. generators preclude 

MO-voltage 
D.0 (ripple) 

IFILTER TO MITR. PLATE, 5 

Fig. 7-1— Block diagram show-
ing the essentials of a transformer-
rectifier-filter . system for obtain-
ing filament and plate power from 
an a.c. line. 

a.c. line is fed to a transformer which steps 
the voltage up to that required. The stepped-
up voltage is changed to pulsating d.c. by 
passing through a rectifier — usually of the 
vacuum-tube type. The pulsations then are 
smoothed out to the required extent by a filter-
ing system. 

Rectifier Circuits 

Half- Wave Rectifier 

Fig. 7-2 shows three rectifier cir( nit s cover-
ing most of the common applications in ama-
teur equipment. Fig. 7-2A is the circuit of a 
half-wave rectifier. During that half of the 
a.c. cycle when the rectifier plate is positive 
with respect to the cathode, current will flow 
through the rectifier and load. But during the 
other half of the cycle, when the plate is nega-
tive with respect to the cathode, no current 
can flow. The shape of the output wave is 
shown at the right. It shows that the current 
always flows in the same direction but that the 
flow of current is not continuous and is pulsat-
ing in amplitude. 
The average output voltage — the voltage 

read by the usual d.c. voltmeter — with this 
circuit is 0.45 times the r.m.s. value of the a.c. 
voltage delivered by the transformer second-
ary. Because the frequency of the pulses in 
the output wave is relatively low, considerable 
filtering is required to provide adequately 

smooth d.c. output, and for this reason this 
circuit is usually limited to applications where 
the current involved is small, such as in sup-
plies for cathode-ray tubes and for protective 
bias in a transmitter. 

Another disadvantage of the half-wave recti-
fier circuit is that the transformer must have a 
considerably higher primary volt-ampere rat-
ing (approximately 40 per cent greater) than 
in other rectifier circuits. 

Full- Wave Center-Tap Rectifier 

The most universally-used rectifier circuit is 
shown in Fig. 7-2B. Being essentially an ar-
rangement in which the outputs of two half-
wave rectifiers are combined, it makes use of 
both halves of the a.c. cycle. A transformer 
with a center-tapped secondary, or two identi-
cal transformers with their secondaries con-
nected in series (with proper polarization), is 
required with the circuit. When the plate of 
rectifier No. 1 is positive, current flows through 

208 
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AC. col  

Cold- Cathode Rectifiers 

Tube rectifiers fall int t liree general classi-
fications as to type. The cold-cathode type is a 
diode which requires no cathode heating. Certain 
types will handle up to 350 ma. at 200 volts d.c. 
output. The internal drop in most types lies be-
tween 60 and 90 volts. Rectifiers of this kind are 

Fig. 7-2 — Fundamental vacuum-
gibe rectifier circuits. A — half. 

wave. B — FuuhI.ssave. C — Bridge. 
Output voltages shown do not include 
rectifier drops. 

the load to the center-tap. A.C. 

Current cannot flow through Line 

rectifier No. 2 because at this 
instant its cathode is positive 
in respect to its plate. When 
the polarity reverses, rectifier 
No. 2 conducts and current 
again flows through the load 
to the center-tap, this time 
through rectifier No. 2. 
The average out put voltage 

is 0.9 times the r. ins, value of 
the voltage across half of the 
transformer secondary. For the 
same total secondary voltage, 
the average output voltage will 
be the same as that delivered 
with a half-wave rectifier. how-
ever, as can be seen from the 
sketch of the output waveform, 
the frequency of the output 
pulses is twice that of the half-
wave rectifier. Therefore much 
less filtering is required. Since 
the rectifiers work alternately, 
each handles half of the aver-
age load current. Therefore the load current 
which may be drawn from this circuit is twice 
the rated load current of a single rectifier. 
When two separate transformers are used in 

the full-wave circuit wit h tlwir secondaries 
connected in series, the sanie derating men-
tioned in regard to the half-wave rectifier 
circuit must be observed. 

Full- Wave Bridge Rectifier 

Another full-wave rectifier circuit is shown in 
Fig. 7-2C. In this arrangement, two rectifiers 
operate in series on each half of the cycle, one 
rectifier being in the lead to the load, the other 
being in the return lead. Over that portion of 
the cycle when the upper end of the trans-
former secondary is positive with respect to the 
other end, current flows through rectifier No. 
1, through the load and thence through rectifier 
No. 2. During this period current cannot flow 
through rectifier No. 4 because its plate is 
negative with respect to its cathode. Over the 
other half of the cycle, current flows through 
rectifier No. 3, through the load and thence 

AC. 
Input 
wave 

EAV. OC. 
.045ERKS 

(A) 

(B) 

fA\  

7 -AVB\ÍtV—B\ 

wave!'cu" 

through rectifier No. 4. The crossover con-
nection keeps the current flowing in the saine 
direction through the load. The out put wave-
shape is the same as that from the simple 
center-tap rectifier circuit. The output voltage 
obtainable with this circuit is 0.9 times the 
r.m.s. voltage delivered by the transformer 
secondary. For the same total transformer-
secondary voltage, the average output voltage 
when using the bridge rectifier will be twice 
that obtainable with the center-tap rectifier 
circuit. However, when comparing rectifier cir-
cuits for use with the same transformer, it should 
be remembered that the power which a given 
transformer will handle remains the sanie re-
gardless of the rectifier circuit used. If the out-
put voltage is doubled by substituting the 
bridge circuit for the center-tap rectifier circuit, 
only half the rated load current can be taken 
from the transformer without exceeding its 
normal rating. The value of load current which 
may be drawn from the bridge rectifier cir-
cuit is twice the rated d.c. load current of a 
single rectifier. 

Rectifiers 
produced in both half-wave (single-diode) and 
full-wave (double-diode) types. 

High-Vacuum Rectifiers 

High-vacuum rectifiers depend entirely upon 
the thermionic emission from a heated cathode 
and are characterized by a relatively high 
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internal resistance. For this reason, their applica-
tion usually is limited to low power, although 
there are a few types designed for medium and 
high power in cases where the relatively high 
internal voltage drop may be tolerated. This high 
internal resistance makes them less susceptible 
to damage from temporary overload and they are 
free from the bothersome electrical noise some-
times associated with other types of rectifiers. 
Some rectifiers of the high-vacuum full-wave 

type in the so-called receiver-tube class will 
handle up to 250 ma. at 400 to 500 volts d.c. out-
put. Those in the higher-power class can be used 
to handle up to 500 ma. at 2000 volts d.c. in full-
wave circuits. Most low-power high-vacuum rec-
tifiers are produced in the full-wave type, while 
those for greater power are invariably of the half-
wave type. 

Mercury-Vapor Rectifiers 

In mercury-vapor rectifiers the internal resist-
ance is reduced by the introduction of a small 
amount of mercury which vaporizes under the 
heat of the filament, the vapor ionizing upon the 
application of voltage. The voltage drop through 
a rectifier of this type is practically constant at 
approximately 15 volts regardless of the load cur-
rent. Tubes of this type are produced in sizes that 
will handle any voltage or current likely to be 
encountered in amateur transmitters. For high 
power they have the advantage of cheapness. 
Rectifiers of this type, however, have a tendency 
toward a type of oscillation which produces noise 
in near-by receivers. This can usually be elim-
inated by suitable filtering. 
As with high-vacuum rectifiers, full-wave types 

are available in the lower-power ratings only. For 
higher power, two tubes are required in a full-
wave circuit. 

Selenium Rectifiers 

Selenium rectifiers are available which make it 
possible to design a power supply capable of de-
livering up to 400 or 450 volts, 200 ma. These 
units have the advantage of compactness as well 
as low internal voltage drop (about 5 volts). How-
ever, to limit the charging current with condenser 
input, a resistance of 25 to 100 ohms should be 
used in series with the rectifier. They may be sub-
stituted in any of the basic circuits shown in Fig. 
7-2, the terminal marked "-I-" or " cathode" 
corresponding to the cathode in these circuits. 
Circuits in which the selenium rectifier is particu-
larly adaptable are shown later- in Figs. 7-20 
through 7-22. Since they develop little heat if 
operated within their ratings, they are especially 
suitalili, for use in eimipment requiring minimum 
tempera t re variation. 

Typical ratings arc, listed in the tube bides. 

Rectifier Ratings 

Vacuum-tube rectifiers are subject to limita-
tions as to breakdown voltage and current-han-
dling capability. Some types are rated in terms of 
the maximum r.m.s. voltage which should be 
applied to the rectifier plate, while others, partio-

ularly mercury-vaii,,r ypes, are rated according 
to maximum in v,a-se peak voltage — the peak 
voltage between plate and cathode while the 
tube is not conducting. In the circuits of Fig. 7-2, 
the inverse peak voltage across each rectifier 
is 1.4 times the r.m.s. value of the voltage deliv-
ered by the entire transformer secondary. 

All rectifier tubes are rated as to maximum d.c. 
load current and many also carry peak-current 
ratings, both of which should be observed for 
normal tube life. With a condenser-input filter, 
the peak current may run several times the value 
of the d.c. load current, while with a choke-input 
filter the peak value may not run more than a few 
per cent above the d.c. load current. 

Operation of Rectifiers 

In operating rectifiers requiring filament or 
cathode heating, care should be taken to provide 
the correct filament voltage at the tube terminals. 
Low filament voltage can cause excessive voltage 
drop in high-vacuum rectifiers and a considerable 
reduction in the inverse peak-voltage rating of a 
mercury-vapor tube. Filament connections to the 
rectifier socket should be firmly soldered, partic-
ularly in the case of the larger mercury-vapor 
tubes whose filaments operate at low voltage and 
high current. The socket should be selected with 
care, not only as to contact surface but also as 
to insulation, since the filament usually is at full 
output voltage to ground. Bakelite sockets will 
serve at voltages up to 500 or so, but ceramic 
sockets, well spaced from the chassis, always 
should be used at the higher voltages. Special fila-
ment transformers with high-voltage insulation 
bet WI ,en primary and secondary are required for 
rectifiers operating at potentials in excess of 1000 
volts inverse peak. 
The rectifier tubes should be placed in the 

equipment with adequa to space surrounding them 
to provide for ventilai on. When mercury-vapor 
tubes are first placed in service, and each time 

Fig. 7-3 — Connecting mer-
cury-vapor rectifiers in paral-
lel for heavier currents. RI 
and R2 should have the - one 
value, between 50 awl 100 
ohms, and corresponding fila-
ment terminals should be con-
nected together. 

after the mercury has been disturbed, as by 
removal from the socket to a horizontal position, 
they should be run with filament voltage only for 
30 minutes before applying high voltage. After 
that, a lolay of 30 seconds is recommended each 
time t ht . filaMl`nt is turned on. 

Rect iliers may be conneeted in parallel for cur-
rent higher than the rated current of a single 
unit. This includes the use of the sections of a 
double diode for this purp (se. Equalizing resistors 
of 50 to 100 ohms should be connected in series 
with each plate, as shown in Fig. 7-3, as a measure 
toward maintaining an equal division of current. 



POWER SUPPLIES 211 

Filters 
The pulsating d.c. waves from the rectifiers 

shown in Fig. 7-2 are not sufficiently constant in 
amplitude to prevent hum corresponding to the 
pulsat ions. Filters consisting of capacitances and 
inductances are required between the rectifier and 
the load to smooth out t he pulsations to an essen-
tially constant ( l.c. voltage. Also, upon the design 
of the filter &pen( Is to a large extent the voltage 
regulation of the power supply and the maximum 
load current that can be drawn from the supply 
without exceeding the peak-voltage rating of the 
rectifier. 

Power-supply filters fall into two classifications, 
depending upon whether the first filter element 
following the rectifier is a condenser or a choke. 
Condenser-input filters are charact prized by rela-
tively high output voltage in respect to the trans-
former voltage, but poor voltage regulation. 
Choke-input filters result in much better regula-
tion, when properly designed, but the output 
voltage is less than would be obtained with a 
condenser-input filter from t he same transformer. 

Voltage Regulation 

The output voltage of ti power supply always 
decreases as more current is drawn, not only be-
cause of increased voltage drops in the trans-
former, filter chokes and the rectifier (if high-
vacuum rectifiers are used) but also because the 
output voltage at light loads tends to soar to the 
peak value of the transformer voltage as a result 
of charging the first condenser. By proper filter 
design the latter effect can be eliminated. The 
change in output voltage with load is called volt-
age regulation and is expressed as a percentage. 

100 (Ei — E2) 
Per cent regulation = 

E2 

Example: No-load voltage = E1 = 1550 volts. 
Full-load voltage = E2 = 1230 volts. 

100 ( 1550 — 1230)  
Percentage regulation — 

1230 

32,000 
= — = 26 per cent. 

1230 

Regulation may be as great as 100 Yc- or more with 
a condenser-input filter, but by proper design can 
be held to 20c; or less. 
Good regulation is desirable if the load current 

varies during operation, as in a keyed stage or a 
Class B modulator because a large change in 
voltage may increase the tendency toward key 
clicks in the former case or distortion in the 
latter. On the other hand, a steady load, such as 
is represented by a receiver, speech amplifier or 
unkeyed stages in a transmitter, does not require 
good regulation so long as the proper voltage is 
obtained under load conditions. Another con-
sideration that makes good voltage regulation de-
sirable is that the filter condensers must have a 
voltage rating safe for the highest value to which 
the voltage will soar when the external load is 
removed. 
When essentially constant voltage, regardless 

of current variation is required (for stabilizing an 

oscillator, for example), special voltage-regulating 
circuits described elsewhere in this chapter are 
used. 

Load Resistance 

In discussing the performance of power-supply 
filters, it is convenient to express the load con-
nected to the output terminals of the supply in 
ternis of resistance. The load resistance is equal 
to the output voltage divided by the total current 
drawn, including the current drawn by the 
bleeder resistor. 

Input Resistance 

The sum of the transformer-winding resistance 
and the rectifier resistance is called the input 
resistance. 

Bleeder 

A bleeder resistor is a resistance connected 
across the output terminals of the power supply. 
Its functions are to discharge the filter condensers 
as a safety measure when the power is turned off 
and to improve voltage regulation by providing 
a minimum load resistance. When voltage regula-
tion is not of importance, the resistance may be 
as high as 100 ohms per volt. The resistance value 
to be used for voltage-regulating purposes is dis-
cussed in later sections. From the consideration 
of safety, the power rating of the resistor should 
be as conservative as possible, since a burned-out 
bleeder resistor is more dangerous than none at 
all! 

Ripple Frequency and Voltage 

The t ions in the output of the rectifier can 
be considered to be the resultant of an alternating 
current superimposed upon a steady direct cur-
rent. From this viewpoint, the filter may be con-
sidered to consist of shunting condensers which 
short-circuit the a.c. component while not inter-
fering with the flow of the d.c. component, and 
series chokes which pass d.c. readily but which 
impede the flow of the a.c. component. 
The alternating component is called the ripple. 

The effectiveness of the filter can be expressed in 
terms of per cent ripple which is the ratio of the 
r.m.s. value of the ripple to the d.c. value in terms 
of percentage. For c.w. transmitters, a reduction 
of the ripple to 5 per cent is considered adequate. 
The ripple in the output of power supplies for 
voice transmitters and VFOs should be reduced 
to 0.25 per cent or less. High-gain speech am-
plifiers and receivers may require a reduction to as 
low as 0.1 per cent to prevent objectionable ripple 
hum. 

Ripple frequency is the frequency of the pulsa-
tions in the rectifier output wave — the number 
of pulsations per second. The frequency of the 
ripple with half-wave rectifiers is the same as the 
frequency of the line supply — 60 cycles with 60-
cycle supply. Since the output pulses are doubled 
with a full-wave rectifier, the ripple frequency is 
doubled — to 120 cycles with 60-cycle supply. 
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Fig. 7-4— Condenser-input filter circuit ,. — Simple 
condenser. B — Single-section. C — Double-cet ion. 

The amount of filtering (values of inductance 
and capacitance) required to give adequate 
smoothing depends upon the ripple frequency, 
more filtering being required as the ripple fre-
quency is lower. 

• CONDENSER-INPUT FILTERS 
Condenser-input filter systems are shown in 

Fig. 7-4. Disregarding voltage drops in the 
chokes, all have the same characteristics except 
in respect to ripple. Better ripple reduction will 
be obtained when LC sections are added, as shown 
in Figs. 7-4C and D. 

Output Voltage 

To determine the approximate d.c. voltage out-
put when a condenser-input filter is used, refer-
ence should be made to the graph of Fig. 7-5. 

Example: 
Transformer raii.s. voltage — 350 
Input resistance — 200 ohms 
Maxiu ttttt n load current, including bleeder cur-
rent — 175 ma. 

350 
Load resistance = — = 2000 ohms approx. 

0.175 

From Fig. 7-5, for a load resistance of 2000 
ohms and an input resistance of 200 ohms, the 
d.c. output voltage is given as slightly over 1 
times the transformer r.m.s. voltage, or about 350 
volts. 

Regulation 

If a bleeder resistance of 50,000 ohms is used, 
the d.c. output voltage, as shown in Fig. 7-5, will 
rise to about 1.35 times the transformer r.m.s. 
value, or about 470 volts, when the external load 
is removed. For greater accuracy, the voltage 

drops through the resistance of the chokes should 
be subtracted from the values determined above. 
For best regulation with a condenser-input filter, 
the bleeder resistance should be as low as possible 
without exceeding the transformer, rectifier or 
choke ratings when the e \ t cmal load is connected. 

Maximum Rectifier Current 

The maximum load current that can be drawn 
from a supply with a condenser-input without 
exceeding the peak-current rating of the rectifier 
may be estimated from the graph of Fig. 7-6. 
Using values from the preceding example, the 
ratio of peak rectifier current to d.c. load current 
for 2000 ohms, as shown in Fig. 7-6 is 3. There-
fore, the maximum load current that can be 
drawn without exceeding the rectifier rating is 
the peak rating of the rectifier. For a load current 
of 175 ma., as above, the rectifier peak current 
rating should be at least 3 X 175 = 525 ma. 

Wit h bleeder current only, Fig. 7-6 shows that 
the ratio will increase to Over 8. But since the 
bleeder draws less than 10 ma. d.c., the rectifier 
peak current will be only 90 ma. or less. 

Ripple Filtering 

The approximate ripple percentage after the 
simple condenser filter of Fig. 7-4A may be deter-
mined from Fig. 7-7. With a load resistance of 
2000 ohms, for instance, the ripple will be ap-
proximately 10' with an 8-afd. condenser or 

with a 4-afd. condenser. 
The ripple can be reduced further by the addi-

tion of LC sections as shown in Figs. 7-4B and C. 

1.4 

1 

08 
1000 2000 3000 5000 10,000 20,000 50,000 

C VOLTS  
LOAD RE515r,4NCE - ac Amp (OUTPUT) 

‘J 

e 4> 

ç, t? 
z. , NPUT RESISTANCE 

INPur 
4/ifd.oryre 
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Fig. 7-5 — Chart showing approximate ratio of d.c. 
output voltage across filter input condenser to trans-
former r.m.s. secondary voltage for different load and 
input resistances. 
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with condenser input for various values of load and 
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Fig. 7-8 shows the factor by which the ripple from 

any preceding section is reduced depending on the 

product of the capacitance and inductance added. 

For instance, if a section composed of a choke of 

5 liv. and a condenser of 4 eifd. were to be added 

to the simple condenser of Fig. 7-4A, the product 

is 4 X 5 = 20. Fig. 7-8 shows that the original 

ripple (10% as above, for example) will be re-

duced by a factor of about 0.08. Therufore the 

ripple percentage after the new sect ion %% ill be 

lo 
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Fig. 7-7 — Chart showing 
centage ripple across filter 
loads. 
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approximate 120-cycle per. 
input condenser for various 

approximately 0.08 X 10 = 0.8%. If another sec-
tion is added to the filter, its reduction factor 
from Fig. 7-8 will be applied to the 0.8% from 
the preceding 51.01.11, etc. 

• CHOKE-INPUT FILTERS 
Much better voltage regulation results when a 

choke-input filter, as shown in Fig. 7-9, is used. 
Choke input also permits bet ter utilization of the 
rectifier, since a higher load current usually can 
be drawn without exceeding the peak current 
rat ing of the rectifier. 

If the first choke has a value equal to or greater 
than 

Load resistance (0117118) 
Lay. ) = 

1000 

the output voltage will not soar above the average 
value of the rectified wave at the input of the 
choke when the load current is small. This is in 
contrast to the performance of the condenser-

4J 
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Fig. 7-8 — Ripple-reduction factor for various values of 
I. and C in filter section. Output ripple = input ripple X 
ripple factor. 

ZOO 500 

input filter where the output voltage tends to 

soar toward the peak value at light current loads. 

This value of inductance is known as the critical 
value. 

If the first choke has a value equal to or greater 
than 

Load resistance (ohms) 
L(hy.) =   

.500 

the peak rectifier current will not exceed the d.c. 
load current by more than 10 per cent when the 
load current is large. This is in contrast to the 

condenser-input filter where the peak rectifier 

current may run 2 to 5 times the d.c. load current. 
I his value of inductance is known as the optimum 
value. 
Both of the above conditions will usually be 

satisfied for all values of load current drawn from 
the supply if the choke has at least the critical 
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Fig. 7-9 — Choke-input filter circuits. A — Single-sec-
tion. B — Double-section. 
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value of inductance for the minimum current 
load (usually the bleeder resistance only) and does 
not fall below the optimum value for the greatest 
current load to be drawn. 

Specially-designed input chokes, called swing-
ing chokes, are available. These chokes are usu-
ally rated in terms of maximum d.c. current and 
the range of inductance over which they are de-
signed to " swing" with different load currents. 
For instance, a choke may have a rating of 5 to 
25 hy., 250 ma. This means that the inductance 
is 5 hy. with 250 ma. d.c. flowing through it. 
From the formula for optimum inductance, 5 

hy. is optimum for a minimum load resistance of 
5 X 500 = 2500 ohms. At 250 ma., this resistance 
means a minimum voltage of 2500 X 0.250 = 625 
volts. 

Bleeder Resistance 

Also, 25 hy. is the critical inductance for 
25 X 1000 = 25,000 ohms. Therefore the bleeder 
resistance should be not greater than 25,000 ohms. 

In the case of supplies for higher voltages in 
particular, the maximum load resistance require-
ment may result in the wasting of an appreciable 
portion of the transformer power capacity in the 
bleeder resistance. A higher bleeder resistance 
drawing less current can be used, of course, but 
at a sacrifice in regulation. Two input chokes in 
series will permit the use of a bleeder of twice the 
resistance, cutting the wasted current in half. 
Another alternative that can be used to advan-
tage in a c.w. transmitter is to use a very high-
resistance bleeder for protective purposes and 
then use only sufficient fixed bias on the tubes 
operating from the supply to bring the total cur-
rent drawn from the supply, when the key is 
open, to the value of current that the required 
bleeder resistance should draw from the supply. 
Operating bias is brought back up to normal by 
increasing the grid-leak resistance. Thus the en-
tire current capacity of the supply (with the 
exception of the small drain of the protective 
bleeder) can be used in operating the transmitter 
stages. 

Output Voltage 

Provided the input-choke inductance is at 
least the critical value, the output voltage may 

be calculated quite closely by the following 
equation: 

(rb + It) (R1 + R2) 
E.= 0.9E5 — 

1000 

where E. is the output voltage; Et is the r.m.s. 
voltage applied to the rectifier (r.m.s. voltage 
between center-tap and one end of the second-
ary in the case of the center-tap rectifier); ib 
and /L are the bleeder and load currents, respec-
tively, in milliamperes; R1 and R2 are the re-
sistances of the first and second filter chokes; 
and Er is the drop between rectifier plate and 
cathode. These voltage drops are shown in 
Fig. 7-11. At no load /L is zero, hence the no-load 
voltage may be calculated on the basis of bleeder 
current only. The voltage regulation may be 
determined from the no-load and full-load volt-
ages using the formula previously given. 

Ripple with Choke Input 

The percentage ripple output from a single-
section filter ( Fig. 7-9A) may be determined to 
a close approximation, for a ripple frequency of 
120 cycles, from Fig. 7-10. 

Example: L = 5 h., C = 4 pfd., LC = 20. 

From Fig. 7-10, percentage ripple = 5 per cent. 

Example: L = 5 hy. What capacitance is 
needed to reduce the ripple to 1 per cent? Fol-
lowing the I-per-cent line to the right to its 
intersection with the diagonal, thence down-
ward to the LC scale, read LC = 100. 100/5 = 
20 pfd. 

TO 
RECIVIER Ol/7:11 

IS 20 30 50 70 00 150 200 300 SOO 

L (he) X C (ÁLie4) 

NO WOO 

Fig. 7-10 — Graph showing combinations of inductance 
and capacitance that may be used to reduce ripple 
with a single-sect'  choke-input filter. 

In selecting values for the first filter section, 
the inductance of the choke should be deter-
mined by the considerations discussed previ-
ously. Then the condenser should be selected 
that when combined with the choke inductance 
(minimum inductance in the case of a swinging 
choke) will bring the ripple down to the desired 
value. If it is found impossible to bring the ripple 
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down to the desired figure with practical values 
in a single section, a second section can be 
added, as shown in Fig. 7-9B and the reduction 
factor from Fig. 7-8 applied as discussed under 
condenser-input filters. The second choke should 
not be of the swinging type. 

• OUTPUT CONDENSER 
If the supply is intended for use with an 

audio-frequency amplifier, the reactance of the 
last filter condenser should be small (20 per 
cent or less) compared with the other a.f. re-
sistance or impedance in the circuit, usually 
the tube plate resistance and load resistance. 
On the basis of a lower a.f. limit of 100 cycles 
for speech amplification, this condition usually 
is satisfied when the output capacitance (last 
filter capacitor) of the filter is 4 to 8 ¡dd., the 
higher value of capacitance being used in the 
case of lower tube and load resistances. 

• RESONANCE 
Resonance effects in the series circuit across 

the output of the rectifier which is formed by 
the first choke (Li) and first filter condenser 
(C1) must be avoided, since the ripple voltage 
would build up to large values. This not only is 
the opposite action to that for which the filter 
is intended, but also may cause excessive recti-
fier peak currents and abnormally-high inverse 
peak voltages. For full-wave rectification the 
ripple frequency will be 120 cycles for a 60-cycle 
supply, and resonance will occur when the prod-
uct of choke inductance in henrys times con-
denser capacitance in mierofarads is equal to 
1.77. The corresponding figure for 50-cycle sup-
ply ( 100-cycle ripple frequency) is 2.53, and for 
25-cycle supply (50-cycle ripple frequency) 13.5. 
At least twice these products of inductance and 
capacitance should be used to ensure against 
resonance effects. 

• RATINGS OF FILTER COMPONENTS 
Although filter condensers in a choke-input 

filter are subjected to smaller variations in d.c. 
voltage than in the condenser-input filter, it is 

advisable to use condensers rated for the peak 
transformer voltage in case the bleeder resistor 
should burn out when there is no load on the 
power supply, since the voltage then will rise to 
the same maximum value as it would with a 
filter of the condenser-input type. 

In a condenser-input filter, the condensers 
should have a working-voltage rating at least 
as high, and preferably somewhat higher, than 
the peak-voltage rating of the transformer. 
Thus, in the case of a center-tap rectifier having 
a transformer delivering 550 volts each side of 
the center-tap, the minimum safe condenser 
voltage rating will be 550 X 1.41 or 775 volts. 
An 800-volt condenser should be used, or pref-
erably a 1000-volt unit to allow a margin of 
safety. 

Filter condensers are made in several different 
types. Electrolytic condensers, which are avail-
able for voltages up to about 800, combine high 
capacitance with small size, since the dielectric 
is an extremely-thin film of oxide on aluminum 
foil. Condensers for higher voltages usually are 
made with a dielectric of thin paper impregnated 
with oil. The working voltage of a condenser is 
the voltage that it will withstand continuously. 
The input choke may be of the swinging type, 

the required minimum no-load and full-load in-
ductance values being calculated as described 
above. For the second choke (smoothing 
choke) values of 10 to 20 henrys ordinarily are 
used. Since chokes usually are placed in the 
positive leads, the negative being grounded, 
the windings should be insulated from the core 
to withstand the full d.c. output voltage of the 
supply and be capable of handling the required 
load current. 

Filter chokes or inductances are wound on 
iron cores, with a small gap in the core to pre-
vent magnetic saturation of the iron at high 
currents. When the iron becomes saturated its 
permeability decreases, consequently the induct-
ance also decrea.ses. Despite the air gap, the in-
ductance of a choke usually varies to some extent 
with the direct current flowing in the winding; 
hence it is necessary to specify the inductance 
at the current which the choke is intended to 
carry. Its inductance with little or no direct 
current flowing in the winding may be consid-
erably higher than the value when full load 
current is flowing. 

Plate and Filament Transformers 
Output Voltage 

The output voltage which the plate trans-
former must deliver depends main the required 
I I.e. load voltage and the type of filter circuit. 

With a choke-input filter, the requir(41 
secondary voltage (each side of center-tap for a 
center-tap rectifier) can be calculated by the 
equal ion : 

= 1.1[E. + 1.(n1 ± R2) -F Er] 
1000 

where E„ is the required d.c. output voltage, 
I is the load current (including bleeder current) 
in milliamperes, RI and R2 are the d.c. resist-
ances of the chokes, and Er is the voltage drop 
in the rectifier. E, is the full-load r. ins. second-
ary voltage; the open-circuit voltage usually 
will be 5 to 10 per cent higher than the full-load 
value. 
The approximate transformer output voltage 

required to give a desired d.c. output voltage 
with a given load with a condenser-input filter 
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Fig. 7-11 — Diagram sh..,,ing various voltage drops 
that must he taken into consideration in determining 
the required transformer voltage to deliver the desired 
output voltage. 

system can be calculated with the help of 
Fig. 7-11. 

Examide: 
Required d.c. output volts — 500 
Load current to he drawn — 100 ma. 
Load resistance = 500 = 5000 ohms. 

0.1 

If the rectifier resistance is 200 ohms, Fig. 7.5 
shows that the ratio of d.c. volts to the required 
transformer rams. voltage is approximately 1.15. 
The required transformer terminal voltage 

under load with chokes of 200 and 300 ohms is 

(  Ru 1- R2 Rr  

1000 
—   

1.15 

200 = 500 + 100 ( 200 ± 300 -I-   ) 
1000  

1.15 

-I- I 

570 
= volts. 

1.15 

Volt-Ampere Rating 

The volt-ampere rating of the transformer 
depends upon the type of filter (condenser or 
choke input). With a condenser-input filter the 
heating effect in the secondary is higher beeause 
of the high ratio of peak to average current, 
consequently the volt-amperes consum('( I 1).‘-
t he transformer may be several times the watts 
delivered to the load. With a choke-input filter, 
provided the input choke has at least the critical 
inductance, the secondary volt-amperes can be 
calculated quite closely by the equation: 

Sec. V.A. = 0.00075E/ 

where E is the total r.m.s. voltage of the sec-
ondary (between the outside ends in the case 
of a center-tapped winding) and / is the d.c. 
output current in milliamperes (load current 
plus bleeder current). The primary volt-amperes 
will be 10 to 20 per cent higher because of 
transformer 1-• ses. 

Filament Supply 

Except for tubes designed for battery opera-
tion, the filaments or heaters of vacuum tubes 
used in both transmitters and receivers are 
universally operated on alternating current ob-
tained from the power line through a step-
down transformer delivering a secondary volt-
age equal to the rated voltage of the tubes used. 
The transformer should be designed to carry 

the current taken by the number of tubes which 
may be connected in parallel across it. The 
filament or heater transformer generally is 
center-tapped, to provide a balanced circuit for 
eliminating hunt. 

For medium- and high-power r.f. stages of 
transmitters, and for high-power audio stages, 
it is desirable to use a separate filament trans-
former for each section of the transmitter, in-
stalled near the tube sockets. This avoids the 
necessity for abnormally large wires to carry 
the total filament current for all stages without 
appreciable voltage drop. Maintenance of rated 
filament voltage is highly important, especially 
with thoriated-filament tubes, since under- or 
over-voltage may reduce filament life. 

Rewinding Filament Transformers 

Although the home winding of high-voltage 
transformers is a task that few amateurs un-
dertake these days, the rewinding of a small-
transformer secondary to give some desired 
filament voltage is not difficult. It involves a 
mat it of only a small number of turns and the 
wire is large enough to be handled easily. Often 
a broadcast-receiver power transformer with a 
burned-out high-voltage winding, but with the 
primary winding intact, can be converted into 
an entirely satisfactory filament transformer 
without great effort. 

'I'he primary volt-ampere rating of a trans-
former to be rewound may be taken from the 
label on the transformer or front the manufac-
turer's catalogue. This will indicate whether or 
not the transformer will be capable of handling 
the neressary power. The secondary volt-ampere 
rating will be ten to twenty per rent less than 
the primary rating. The product of the voltage 
and the number of amperes required front the 
new filament winding, plus that for any other 
secondaries that may be kept in use, should not 
exceed the secondary volt-ampere rating, unless 
the builder is willing to accept a lower safety 
factor. 

Before disconnecting the winding leads from 
their terminals, each should be marked for 
identification. In removing the core laminations, 
care should be taken to note the manner in 
which the core is assembled, so that the re-
assembling will be done in the same manner. 
Some transformers have secondaries wound 
over the primary, while in others the order is 
reversed. In case the secondaries are on the 
inside, the turns can be pulled out from the 
center after slitting and removing the fiber 
core. 
The turns removed from one of the original 

filament windings of known voltage should be 
carefully counted as the winding is removed. 
This will give the number of turns per volt and 
the same figure should be used in determining 
the number of turns for the new secondary. 
For instance, if the old filament winding was 
rated at 5 volts and has 20 turns, this is 20/5 = 
4 turns per volt. If the new secondary is to 
deliver 7.5 volts, the required number of turns 
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on the new winding will le. 7.5 X 4 = 30 turns. 
The Cooper-Wire Table in the chapter of mis-

cellaneous data shows the current-carrying ca-
pacity of various sizes of wire at a cross section 
of 1500 circular mils per ampere. This is a con-
servative rating. A cross section of 1000 circular 
mils per ampere is closer to the figure used for 
most amateur-service transformers. In cheaper 
broadeast-receiver transformers, the figure may 
run as low as 500. The current-carrying capacity 
at 1000 circular mils per ampere may be deter-
mined by pointing off three glecitnal places from 
the right in the figures in the third column of 
the table showing circular-mil area. As an ex-
ample, No. 18 wire has a capacity of 1.7 amperes 
at 1500 circular mils per ampere, 2.58 amperes at 
1000 circular mils per ampere and 5.16 amperes 
at 500 circular mils per ampere. The choice of 
rating to be used in most cases will be decided 
by the size of available wire and the available 

Voltage 
Series Voltage-Dropping Resistor 

Certain plates and screens of the various 
tubes in a transmitter or receiver often require 
a variety of oimrating voltages differing from 
the output voltage of available power supplies. 
In most cases, it is not economically feasible 
to provide a separate power supply for each of 
the required voltages. If tle. current drawn 
by an electrode, or combination of electrodes 
operating at the same voltage, is reasonably 
constant under normal operating conditions, 
the required voltage may be obtained from a 
supply of higher voltage by means of a voltage-
dropping resistor in series, as shown in Fig. 
7-12A. The value of the series resistor, RI, may 
be obtained from Ohm's Law, I? = 7' where 

Ed is the voltage drop required from the sup-
ply voltage to the desired voltage and I is the 
total rated current of the load. 

Example: The plate of the tube in one stage 
and the screens of the tubes in two other stages 
require an operating voltage of 250. The nearest 
available supply voltage is 400 and the total of 
the rated plate and screen currents is 75 ma. The 
required resistance is 

400 — 250 150 
— = 2000 ohms. 

0.075 0.075 
The power rating of the resistor is obtained 

from P (watts) -= /2R = (0.075)2 (2000) = 11.2 
watts. A 25-watt resistor is the nearest safe 
rating to be used. 

Voltage Dividers 

The regulation of the voltage obtained in this 
manner obviously is poor, since any change in 
current through the resistor will cause a di-
rectly-proportional change in the voltage drop 
across the resistor. The regulation can be im-
proved somewhat by connecting a second re-
sistor from the low-voltage end of the first to 
the negative power-supply terminal, as shown 
in Fig. 7-12B. Such an arrangement constitutes 

winding space. If the transformer being rewound 
is a filament transformer, it may be necessary 
to choose the wire size carefully to fit the small 
available space. On the other haie I, if the trans-
former is a power unit, with the high-voltage 
winding removed, there should be plenty of room 
for a size of wire that will conservatk.ely handle 
the required current. 

Tie' insulation to be used bet ween the 
mary and secondary windings (and also between 
the secondary winding and the core if the s( 
on(iary is on the inside) will depend on whether 
the transformer is to be used to supply r. f. 
titi U's or nalifier tuls.s in a high-voltage supply. 
A few layers of linen paper should be sufficient 
for the former service, but insulating cambric 
sheet should be used if the voltage between 
primary and secondary runs more than 1000 
volts. 

Dropping 
a voltage divider. The second resistor, R2, acts 
as a constant load for the first, Rh so that 
any variation in current from the tap becomes 
a smaller percentage of the total current 
through R. The heavier the current drawn 
by the resistors when they alone are connected 
across t lie supply, the better will be the voltage 
regulat ion at the tap. 

Snell a ‘.oltage divider may have more than 
a single tap for the purpose of obtaining more 
than one value of voltage. A typical arrange-

From 
Power 
Supply 

 WAIN 
R 

From 
Power 
Supply 

Fran 
Power 
Supply 

 o+ 

To Load 

 o 

(B) 

To Load 

(C) 

Fig. 7.12 — A — Series voltage-dropping resistor. LS — 
Simple voltage divider. C — Multiple divider circuit. 

Ei E2 El . Rs E — E2  
R2 = R4 
• 11, - ± 11 . 11. + + 12 
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ment is shown in Fig. 7-12C. The terminal 
voltage is E, and two taps are provided to give 
lower voltages, E1 and E2, at currents /1 and 12 
respectively. The smaller the resistance be-
tween taps in proportion to the total resistance, 
the smaller the voltage between the taps. For 
convenience, the voltage divider in the figure 
is considered to be made up of separate re-
sistances Rz, R4, /4, between taps. R3 carries 
only the bleeder current, /b; R4 carries Ii in 
addition to ib; R5 carries /2, II and /b. To cal-
culate the resistances required, a bleeder cur-

rent, /b, must be assumed; generally it is low 
compared with the total load current ( 10 per 
cent or so). Then the required values can be 
calculated as shown in Fig. 7-12C, I being in 
decimal parts of an ampere. 
The method may be extended to any desired 

number of taps, each resistance section being 
calculated by Ohm's Law using the voltage 
drop across it and the total current through 
it. The power dissipated by each section may 
be calculated either by multiplying I and E or 
P and R. 

Voltage Stabilization 
Gaseous Regulator Tubes 

There is frequent need tor maintaining the 
voltage applied to a low-voltage low-current 
circuit at a practically constant value, regard-
less of the voltage regulation of the power 
supply or variations in load current. In such 
applications, gaseous regulator tubes ( Vit105-
30, Vli150-30, etc.) can be used to good ad-
vantage. The voltage drop across such tubes is 
constant over a moderately wide current 
range. Tubes are available for regulated volt-
ages of 150, 105, 90 and 75 volts. 
The fundamental circuit for a gaseous regu-

lator is shown in Fig. 7-13A. The tube is con-
nected in series with a limiting resistor, R1, 
across a source of voltage that must be 
higher than the starting voltage. The starting 
voltage is about 30 per cent higher than the 
operating voltage. The load is connected in 
parallel with the tube. For stable operation, a 
minimum tube current of 5 to 10 ma. is re-
quired. The maximum permissible current with 
most types is 40 ma.; consequently, the load 
current cannot exceed 30 to 35 ma, if the volt-
age is to be stabilized over a range from zero 
to maximum load current. 
The value of the limiting resistor must lie 

between that which just permits minimum 

From power-
supel output 

From power-
supply output 

(A) (B) 

Fig. 7-13 — ultage.stabilizing circuits using N It tubes. 

tube current to flow and that which just passes 
the maximum permissible tube current when 
there is no load current. The latter value is 
generally used. It is given by the equation: 

R
1000 (E. — Er) 

= 

where I? is the limiting resistance in ohms, 
E, is the voltage of the source across which the 
tube and resistor are connected, Er is the rated 
voltage drop across the regulator tube, and 
I is the maximum tube current in milliam-
peres (usually 40 ma.). 

Fig. 7-13B shows how two tubes may be 
used in series to give a higher regulated volt-
age than is obtainable with one, and also to 
give two values of regulated voltage. The lim-
iting resistor may be calculated as above, using 
the sum of the voltage drops across the two 
tubes for E. Since the upper tube must carry 
more current than the lower, the load con-
nected to the low-voltage tap must take small 
current. The total current taken by the loads 
on both the high and low taps should not ex-
ceed 30 to 35 milliamperes. 

Voltage regulation of the order of 1 per cent 
can be obtained with regulator circuits of this 
type. 

Electronic Voltage Regulation 

Several circuits have been developed for regu-
lating the voltage output of a power supply elec-
tronically. While more complicated than the VIt-
tube circuits, they will handle higher voltages and 
currents and the output voltage may be varied 
continuously over a wide range. In the circuit of 
Fig. 7-14, the 5651 regulator tube supplies the 
grid (4) of the 6SL7 with a constant reference 
voltage. When the load connected across the out-
put terminals increases, the output voltage tends 
to decrease. This decreases the plate (5) voltage. 
Since grid ( 1) is connected directly to plate (5), 
grid (I) becomes less positive and that triode 
draws less plate current. The voltage drop across 
//3 being less, the bias on the grids of the 6AS7G 
is reduced, decreasing the voltage drop across the 
6AS7G and thereby maintaining the original out-
put voltage. 

For a maximum regulated voltage output of 
250, the filtered d.c. input voltage should be 325 
volts at 225 ma. For a constant line voltage the 
output voltage will remain constant within 0.2 
volt over a load-current range of 0 to 225 ma. 
With a line-voltage variation of plus or minus 10 

Table of Performance for Circuit of Fig. T-18  

II III I, Output voltage - 300 

450 v. 22 ma. 3 mv. 150 ma. 2.3 mv. 
425 v. 45 ma. 4 mv. 125 ma. 2.8 mv. 
400 v. 72 ma. 6 mv. 100 ma. 2.6 mv. 
375 v. 97 ma. 8 mv. 75 ma. 2.5 mv. 
350 v. 122 ma. 9.5 mv. 50 ma. 3.0 ITIV. 
325 v. 150 ma. 3 mv. 25 ma. 3.0 mv. 
300 v. 150 ma. 2.3 mv. 10 ma. 2.5 mv. 
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Fig. 7-11 Electronic voltage-regu-
lator circuit. 

CI — 0.1-ufd. 400-volt paper. 
Ri — 160-ohm 10-watt potentiome-

ter (balance). 
112, R8 — 12,000 ohms, 2 watts. 
113, 114 — 0.47 megohm, watt. 
118 — 68,000 ohms, 1 watt. 
117 — 15,000 ohms, 2 watts. 
R8 — 10,000-ohm potentiometer 

(output control). 
119 — 1 megohm, Ya watt. 

• 

325 V. 
e 225 MA 
FILTERED D.0 

per cent, the output voltage will vary less than 0.1 
volt. 

Another similar regulator circuit is shown in 
Fig. 7-15. The principal difference is that screen-
grid regulator tubes are used. The fact that a 
screen-grid tube is relatively insensitive to 
changes in plate voltage makes it possible to ob-
tain a reduction in ripple voltage adequate for 
many purposes simply by supplying filtered d.c. 
to the screens with a consequent saving in weight 
and cost. The accompanying table shows the 
performance of the circuit of Fig. 7-15. Column I 
shows various output voltages, while Column II 
shows the maximum current that can be drawn at 
that voltage with negligible variation in output 
voltage. Column III shows the measured ripple 
at the maximum current. The second part of the 

table shows the variation in ripple with load cur-
rent at 300 volts output. 
A single VII. tube may also be used to regulate 

the voltage to a load current of almost any value 
so long as the variation in the current does not 
exceed :30 to 35 ma. If, for example, the average 
load current is 100 ma., a VR tube may be used 
to hold the voltage constant provided the cur-
rent does not fall below 85 ma. or rise above 115 
ma. In this case, the resistance should be calcu-
lated to drop the voltage to the VR-tube rating 
at the maximum load current to be expected plus 
about 5 ma. If the load resistance is constant, the 
effects of variations in line voltage may be elimi-
nated by basing the resistance on the load cur-
rent plus 15 ma. VB. tubes may also be used in 
parallel as described later in this chapter. 

Fig. 7-15 — Circuit diagram of an electronically-regu-
lated power supply rated at 390 volts max.. 150 nia. wax. 

CI, C2, Cs — 16-5M. 600-volt electrolytic. Ifs — 9100 ohm-, I watt. 
C3 — 0.015-mfd. paper. Rio — 0.1-rnegolim potentiometer. 
C4 — 0.1-mfd. paper. 
IIi — 0.3 megohm, .1,,¡ watt. 
112, 113 — 100 ohms, AI watt. 
— 510 ohms, 3/¡ watt. 

Rs, R8 — 30,000 ohms. 2 watts. 
Ra — 0.24 megohm, !zà" watt. 
R7 — 0.15 mcgohm, watt. 

Ru i — 43,000 ohms, !‘.¡ watt. 
1.1 — 8-hy., 40-nia, filter choke. 
Si — S.p.s.t. toggle. 
— Power transformer: 375-375 volts 

ran.s., 160 ma.; 6.3 volts, 3 
amps.; 5 volts,3 amps. 
(Thor. 22 R 33). 
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Bias Supplies 

As discussed in the chapter on high-frequency 
transmitters, the chief function of a bias supply 
for the r.f. stages of a transmitter is that of pro-
viding protective bias, although under certain 
circumstances, a bias supply, or pack, as it is 
sometimes called, can provide the operating bias 
if desired. 

Simple Bias Packs 

Fig. 7-16A shows the diagram of a simple 
bias supply. RI should be the recommended 
grid leak for the amplifier tube. No grid leak 
should be used in the transmitter with this 
type of supply. The output voltage of the sup-
ply, when amplifier grid current is not flowing, 
should be some value between the bias re-
quired for plate-current cut-off and the recom-
mended operating bias for the amplifier tube. 
The transformer peak voltage ( 1.4 times the 
r.m.s. value) should not exceed the recom-
mended operating-bias value, otherwise the 
output voltage of the pack will soar above the 
operating-bias value with rated grid current. 

This soaring can be reduced to a considerable 
extent by the use of a voltage divider across 

PRI. 

(A) 

(C) 

—o  
From Bias xis 81,:s 
Supply 
+0  

From Bias 
Supply 

From Bias 
Supply 

From Bias 
Supply 

(A) 

-0+ 

(F) 
Fig. 7-16 — Simple bias-supply circuits. In A, the peak Fig. 7-17 — Illustrating the use of VR tubes in stabiliz-
transformer voltage  st not exceed the operating value ing protective-bias supplies. Ri is a resistor whose value 
of bias. The circuits of B (half-wave) and C (full-wave) is adjusted to limit the current through each VII tube 
may be used to reduce transformer voltage to the recti- to nia, before amplifier excitation is applied. R and 
fier. RI is the recommended grid-leak resistance. 112 arc current-equalizing resistors of 50 to 300 ohms. 
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the transformer :sec , w.lary, as 
shown at B. Such a s.\ stem van 
be used when the transformer 
voltage is higher t han the op-
eral mg-bias value. The tap on 
112 should be adjust ed to give 
amplifier cut-off bias at the 
output terminals. The lower 
the total value of 112, the less 
the soaring will be when grid 
current flows. 
A full-wave circuit is shown 

in Fig. 7-16C. 113 and R4 
should have the same total 
resistance and the taps should 
be adjusted symmetrically. In 
all cases, the transformer must 
be designed to furnish t he cur-
rent drawn by these resis-
tors plus the current drawn 
by R. 

Fig — Circuit diagram of an 

CI — 20-µfd. 450-volt electrolytic. 
Ca. — 20-Aifd. 150-volt electrolytic. 
IC — 3000 ohms, 23 watts. 
112 — 22,000 ohms, I m att. 
lia — 68,0o0 ohin,, I2 Watt. 
114 — 0.27 tnegolun, ' 2 watt. 
IC7, — 3000 ohms, 5 watts. 
It — 0.12 megohm, watt. 

Regulated Bias Supplies 

The inconvenience of the circuits shown in 
Fig. 7-16 and the difficulty of predicting 
values in practical application can be avoided 
in most cases by the use of gaseous voltage-
regulator tubes across the output of the bias 
supply, as shown in Fig. 7-17A. A Vlt tube 
with a voltage rating anywhere between the 
biasing-voltage value which will reduce the in-
put to the amplifier to a safe level when excita-
tion is removed, and the operating value of 
bias, should be chosen. RI is adjusted, with-
out amplifier excitation, until the VII tube 
ignites and draws about 5 ma. Additional volt-
age to bring the bias up to the operating value 
when excitation is applied can be obtained 
from a grid leak (see transmit ter chapter). 
Each VII tube will handle 40 ma. of grid 

current. If the grid current exceeds this value 
under any condition, similar VII tubes should 
be added in parallel, as shown in Fig. 7-17B, for 
each 40 ma., or less, of additional grid current. 
The resistors R2 are for the purpose of helping to 
maintain equal currents through each VR tube. 

If the voltage rating of a single VII tube is 
not sufficiently high for the purpose, other VII 
tubes may be used in series (or series- parallel if 
required to satisfy grid-current requirements) 
as shown in Fig. 7-17C and D. 

If a single value of fixed bias will serve for 
more t han one stage, t he biasing terminal of 
each such stage may be connected to a single 
supply of this type, provided only that the 
total grid current of all stages so connected 
does not exceed the current rating of the VII. 
tube or tubes. Alternatively, other separate 
VII-tube branches may be added in any de-
sired combination to the same supply, as shown 
in Fig. 7-17E, to suit the needs of each stage. 

Providing the V It- tube current rating is not 
exceeded, a series arrangement may be tapped 
for lower voltage, as shown at F. 
The circuit diagram of an electronically-

regulated bias-supply is shown in Fig. 7-18. 

clectronically-regulated bias supply. 
R7 — 0.1-megoluu potentiometer. 

Rs — 27,000 ohms, q watt. 
Li — 20-hy. 50-rna. filter choke. 
Ti — Power transformer: 350 volts 

r.m.s. each side of center, 50 
ma.; 5 volts, 2 amp.; 6.3 
volts, 3 amp. 

The output voltage may be adjusted to any 
value between 20 volts and 80 volts and the 
unit will handle grid currents up to 200 nia. 
over the range of 30 to 80 volts, and 109 ma. 
over the remainder of the range. This will 
take care of the bias requirements of most 
tubes used in Class B amplifier service. The 
regulation will hold to about 0.001 volt per 
milliampere of grid current. 

Other Sources of Biasing Voltage 

In sonic eases, it may be convenient to ob-
tain the biasing voltage from a source other 
than a separate supply. A half-wave rectifier 
may be connected with reversed polarization 
to obtain biasing voltage from a low- voltage 
plate supply, as shown in Fig. 7-19A. In an-
other arrangement, shown at B, a spare fila-
ment winding can be used to operate a filament 

(A) 

T, 

Fil. Fii 
Sec. Sec 

(3) 

Fig. 7-19 — Convenient means of obta 'ling biasing 
voltage. A — From a low-voltage plate supply. 11 — 
F spare filament winding. T1 is a filament transform-
er, of a voltage output similar to that of the spare 
filament winding, connected in reverse to give 115 volts 
r.m.s. output. If cold-cathode or selenium rectifiers are 
used, no additional filament supply is required. 

Bias 



222 CHAPTER 7 

transformer of similar voltage rating in reverse 
to obtain a voltage of about 130 from the 
winding that is customarily the primary. This 
will be sufficient to operate a VR75 or VR90. 
A bias supply of any of the types discussed 

requires relatively little filtering, if the output-
terminal peak voltage does not approach the 
operating-bias value, because the effect of the 
supply is entirely or largely "washed out" when 
grid current flows. 

Selenium-Rectifier Circuits 
While the circuits shown in Figs. 7-20, 7-21 

and 7-22 may be used with any type of recti-
fier, they find their greatest advantage when 
used with selenium rectifiers which require no 
filament t ra nsformer. 

o  
115V.A.C. 

o  T  
-0+ 

 o 

Fig. 7-20 — Simi le half-wave circuit for selenium 
rectifier. 

CI — 0.05-pfd. 601 -volt paper. 
Ca — 4O-fil. 200-i olt electrolytic. 
Ri — 25 to 100 ohms. 

Fig. 7-20 is a straightforward half-wave 
rectifier circuit which may be used in applica-
tions where 115 to 130 volts d.c. is desired. It 
can he used for bias supply, for instance. In 
this, as well as other circuits, it will be ob-
served that 1 he negative side of the output is 
common with one side of the a.c. line and it is 
suggested that this side be fused with a 
ampere fuse. 

Fig. 7-21 shows several voltage-doubler 
circuits. Of the three, the one shown at A is the 
most desirable since there is no series con-
denser. It is a full-wave circuit and there will 

o  

(A) 

115V.A.0 

o  

IC 
(B) 

(C) 

Fig. 7-21 — Voltage-doubling 
selenium rectifiers. 

Ci — 0.05-51d. 600-voit paper. 
Ca — 40-eifd. 200-volt electrolytic. 
Ca — Filter condenser. 
— 25 to 100 ohms. 

14— Filter choke. 

circuits for 

 0+ 

 0+ 

o 

use with 

I) I \,.ry little ripple voltage appearing at the 
output. The arrangement of circuit B is such 
that one side of the output may be grounded. In 
circuit C, the point X is common to both conden-
sers in the rectifier and filter, and a single-unit 
3-section condenser can be used to save space. If 
the load current is less than 100 ma., this is the 
best circuit. 

Fig. 7-22A shows a voltage tripler, and B and 
C quadruplers. 

1 Is y. 
A.C. 

o 

/ 12 0 
C2 — 

R 

(A) 
T 

(B) 

(C) 
Fig. 7-22 — A — Tripler circuit. 11 — llalf-wave quad-
rupler. C — Full-wave quadrupler. 

Ci — 0.05-51d. 600-volt paper. 
Ca — .10-mfd.150-volt electrolytic. 
Ca — 100.pfd. 150-volt electrolytic. 
Iii — 25 to 100 ohms. 

All components are standard. C1 in all cir-
cuits is for " hash" filtering and its value is not 
critical. A 0.05-mfd. 600-volt-working con-
denser should serve. All other condensers 
should he 40-afd. 200-volt units, except those 
in the tripler and quadrupler circuits. Those in 
t he circuit of Fig. 7-22 should have a rating of 
450 volts working. In the voltage multipliers 
and in ot her circuits where a condenser is pass-
ing the full correid, good condensers should be 
used because the a.c. ripple mentioned above 
appears across the condenser and increases as 
the load increases. If the current is allowed to 
become too high, it will cause heating and 
deterioration of the condenser. This can be 
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kept to a minimum by using a capacitor of 
high value and making sure it is of good make. 
R1 should he 25 ohms, but if it is found that the 
rectifier units are running a little too warm, 
this value may be increased to as high as 100 

ohms, with a corresponding drop in output 
voltage, of course. 
A single-section filter, as shown in Fig. 

7-21C, will provide sufficient smoothing for 
most applications. 

Power-Line Considerations 
• POWER-LINE CONNECTIONS 

If the transmitter is rated at much more 
than 100 watts, special consideration should be 
given to the a. r. line running into the station. 
In some residential systems, three wires are 
brought in from the out shle to the distribution 
board, while in other syst ems there are only 
two wires. In the t liree- wire system, the third 
wire is the neutral whirl] is grounded. The 
voltage bet ‘'ten the ot her t wo wires normally 
is 230, while half of t his voltage ( 115) appears 
between eat-h of tht.‹, wires and neutral, as 
indicated in Fig. 7-23A. In systems of this 
type, usually it will be found that the 115-
volt household load is divided as evenly as 
possible bet ween the t wo sides of the circuit, 
half of the load being connected between one 
wire and the neutral, while the other half of 
the load is connected bet ween the other wire 
and neutral. Heavy appliances, such as electric 
stoves and heaters, normally are designed for 
230-volt operation and therefore are connected 
across the t wo ungrounded wires. While both 
ungrounded wires should be fused, a fuse 
should never be used in the wire to t he neutral, 
nor should a switch be used in this sigle of the 

(A) (B) 

(C) (D) 

Fig. 7-23 — Three-wire power-line circuits. A — Normal 
3-wire-line termination. No fuse should be used in the 
grounded (neutral) line. 11 — Showing that a switch in 
the neutral does not remove voltage front either side of 
the line. C — Connections for both 115- and 230-volt 
transformers. 1) — Operating a 115- volt plate trans-
former front the 230.s oit line to avoid light blinking. 
Ti is a 2-to-1 step-down transformer. 

The reason for this is that opening the 
neutral wire does not di-ronnect the equip-
ment. It simply leaves the equipment on one 
side of the 230-volt circuit in series with what-
ever load may be across the other side of the 
circuit, as shown in Fig. 7-2313. Furthermore, 
with the neutral open, the voltage will then be 
divided between the two sides in proportion to 
the load resistance, the voltage on one side 
dropping below normal, while it soars on the 
other side, unless the loads happen to be equal. 
The usual line running to baseboard outlets 

is rated at 15 amperes. Considering the power 
consumed by filaments, lamps, modulator, re-
ceiver and other auxiliary equipment, it is not 
unusual to find this 15-ampere rating exceeded 
by the requirements of a st anon of only mod-
erate power. It must also be kept in mind that 
the same branch may be in use for other house-
hold purposes through another outlet. For this 
reason, and to minimize light blinking when 
keying or modulating the transmitter, a sepa-
rate heavier line should be run from the dis-
tribution board to the station whenever 
possible. (A three-volt drop in line voltage 
when the load is applied will cause noticeable 
light blinking.) 

If the system is of the three-wire type, the 
three wires should be brought into the station 
so that the station load can be distributed to 
keep the line as balanced as possible. The volt-
age across a fixed load on one side of the cir-
cuit will increase as the load current on the 
other side is increasbd. The rate of increase 
will depend upon the resistance introduced by 
the neutral wire. If the resistance of the neu-
tral is low, the increase will be correspondingly 
small. When the currents in the two circuits 
are balanced, no current flows in the neutral 
wire and the system is operating at maximum 
efficiency. 

Light blinking can be minimized by using 
transformers with 230-volt primaries in the 
power supplies for the keyed or intermittent part 
of the load, connecting them across the two 
ungrounded wires with no connection to the 
neutral, as shown in Fig. 7-23C. The same 
can be accomplished by the insertion of a step-
down transformer whose primary operates at 
230 volts and whose secondary delivers 115 
volts. Conventional 115-volt transformers 
may be operated from the secondary of the 
step-down transformer (see Fig. 7-23D). 
When a special heavy-duty line is to be in-

stalled, the local power company should be 
consulted as to local requirements. In some 
localities it is necessary to have such a job 
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done by a licensed electrician, and there may 
be special requirements to be met in regard to 
fittings and the manner of installation. Some 
amateurs terminate the special line to the 
station at a switch box, while others may use 
electric-stove receptacles as the termina-
tion. The power is then distributed around 
the station by means of conventional out-
lets at convenient points. All circuits 
should be properly fused. 

• LINE-VOLTAGE ADJUSTMENT 

In certain communities trouble is sometimes 
experienced from fluctuations in line voltage. 
Usually these fluctuations are caused by a 
variation in the load on the line and, since 
most of the variation comes at certain fixed 
times of the day or night, such as the times 
when lights are turned on at evening, they may 
be taken care of by the use of a manually-
operated compensating device. A simple ar-
rangement is shown in Fig. 7-24A. A toy trans-
former is used to boost or buck the line voltage 
as required. The transformer should have a 
tapped secondary varying between 6 and 20 
volts in steps of 2 or 3 volts and its speondary 
should be capable of carrying the full load cur-
rent . of the entire transmitter, or that portion 
of it fed by the toy transformer. 
The secondary is con Iwot l in series with the 

line voltage and, if t he plia,ing of the windings 
is correct, the vooltage applied t o t he primaries 
of the transmit ter transformers can be brought 
up to the rated 115 volts by setting the toy-

To To 
trinsmitter transmitter 

Se 

Pro. 

0 115V. A.C. 

(B) 

Fig. 7-24 — Two methods of transformer primary con-
trol. At A is a tapped tos transformer os huh may be 
connected so as to boost or IL the line o It age as re-
quired. At B is indicated a o anuble transformer or 
autotransformer (Variac) which feeds the transformer 
primaries. 

transformer tap switch on the right tap. If the 
phasing of the two windings of the toy trans-
former happens to be reversed, the voltage will 
be reduced instead of increased. This connec-
tion may be used in cases where the line voltage 
may be above 115 volts. This method is pref-

sa 

mum rn 
Fil. hi Fol. 

Plate Trans. 

E 

Fig. 7- 25— With this circuit, a single adjustment of the 
tap switch SI places the correct primary voltage on all 
transformers in the transmitter. Information on con-
structing a suitable autotransformer at negligible cost is 
contained in the test. 'flic light winding represents the 
regular primary winding of a revamped transformer, the 
heavy winding the voltage-adjusting section. 

erable to using a resistor in the primary of a 
power transformer since it does not affect the 
voltage regulation as seriously. The circuit of 
7-24B illustrates the use of a variable trans-
former ( Variac) for adjusting line voltage to 
the desired value. 

Another scheme by which the primary volt-
age of each transformer in the transmitter may 
be adjusted to deliver the desired secondary 
voltage, with a master control for compensating 
for changes in line voltage, is described in Fig. 
7-25. 

This arrangement has the following features: 
1) Adjustment of the switch Si to make the 

voltmeter read 105 volts automatically adjusts 
all transformer primaries to the predetermined 
correct voltage. 

2) The necessity for having all primaries 
work at the same voltage is eliminated. Thus, 
110 volts can be applied to the primary of one 
transformer, 115 to another, etc. 

3) Independent control of the plate trans-
former is afforded by the tap switch S. This 
permits power-input control and does not re-
quire an extra autotransformer. 

Constant. Voltage Transformers 

Although comparatively expensive, special 
transformers called constant-voltage transform-
ers are available for use in cases where it is 
necessary to hold line voltage and/or filament 
voltage constant with fluctuating supply-line 
voltage. They are rated over a range of 17 va. 
at 6.3 volts output, for small tube-heater de-
mands, up to several thousand volt-amperes at 
115 or 230 volts. In average figures, such trans-
formers will hold their output voltages within 
one per cent under an input-voltage variation 
of 30 per cent. 
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Construction of Power Supplies 

The length of most leads in a power supply 
unimportant, so that the arrangement of 

components from this consideration is not a 
factor in construction. More important are 
the points of gootl high-voltage insulation, 
adequate conductor size for filament wiring, 
proper ventilation for rectifier tubes and — 

Fig,. 7- 27 Bottom sie‘. of the simple reveh ir lion er 
supply showing the cut-out for the llush-mounting tralla-
former. 

Fig. 7- 2e. pica! leech et power suppl. 
Filament and plate VOltagt,  :In . taken from the multi. 
contact tuhe socket which ser% es as an outlet. 

most important of all — safety to the operator. 
Exposed high-voltage terminals or wiring 
which might be bumped into accidentally 
should not be permitted to exist. They should 
be covered with adequate insulation or placed 
inaccessible to contact during wirmal opera-
tion and adjust men t of t he t rails mit t er. Po ver-
supply units should I w fused in. 

Rectifier filament leads should be kept. short 
to assure proper voltage at the rectifier socket, 
and the sockets should have good insulation 

• 

Fig. 7-28 — A typical high-
% oltage transmitter guiwer 
supplv. The transfi,riners, 
chokes and einiden-ers are 
inverted so that no terminals 
are exposed to accidental 
contact. The caps of the 866 
rectifiers are the insulated 
type. 
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and adequate contact surface. Plate leads to 
mercury-vapor tubes should be kept short to 
minimize the radiation of noise. 
Where high-voltage wiring must pass 

through a metal chassis, grommet-lined clear-
ance holes will serve for voltages up to 500 or 
750 but ceramic feed-through insulators 

should be used for higher voltages. Bleeder and 
voltage-dropping resistors should be placed 
where they are open to air circulation. Placing 
them in confined space reduces the rating. 

It is highly preferable from the standpoint 
of operating convenience to have separate 
filament transformers for the rectifier tubes, 
rather than to use combination filament and 
plate transfurmer,, sue!' as those used in re-
ceivers. Ilk lwrtnit the transmitter plate 
voltage tit Is. , witsli,sl on without the necessity 
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fur waiting for wet tiler filaments to come up 
to tern peral ure aft er each t i me the high voltage 
has been turned off. 
A bleeder resistor wit h a power rating giving 

a considerable margin of safety should be used 
across the output of all transmit ter power sup-
plies so that the filter eondensers will 
be discharged when the high-voltage 
transformer is turned ()ff. To guard 
against the possibility of danger to 
the operator should the bleeder re-
sistor burn out without his knowl-
edge, and also to protect him in case 
he neglects to turn off the power sup-
ply before opening a cabinet trans-
mitter enclosure, one of the devices 
shown in Fig. 7-30 is recommended. 
In A, a grounded piv(ited metal lever 
drops by gravity against a contact 
connected to the positive high-volt-
age terminal when the cabinet door is 
opened, shorting the power supply. 
When the door is closed, it pushes 
against the end of the lever protrud-
ing through the door opening and the 
short is removed automatically. In 
another scheme, shown at B, a metal 
ball, suspended on a cord, drops into 
a triangle of contacts, one of which 
is grounded, while the other two go to 

Fig. 7-29 — Itttoii .i f 

the transmitter pen.er -up-
ply :bowing the ent-outs 
for the terminals. Separate 
po.er plugs are used for the 
reetifier-filament and plate 
transformers so that tIwy 
may he switched independ-
ently from the control posi-
tion. 

• 

posit ive terminals of power supplies. The wedge 
mounted on the door pushes against the sus-
prnding cord, lifting the ball when the door is 
closed. The power supplies should be equipped 
with suitable fuses to save the equipment in case 
the device is ever called upon to perform its duty. 

Cabinet Door 
Frame 

Loose 
Pivot 

Metal 
Arm 

Toe 
11.V. 

Cabinet door 
Anchor 

Metal 
Bah 

L.V 

n:1 irt 11 V 

(A) ( 13) 

Fig. 7-30 — Two sclic»,.•.- for .. liorting the high-voltaze supply auto-
matically for safet s io-po-,•- is hen the transtnitter door i. opened. 

Emergency and Independent Power Sources 
Emergency power supply which operates in-

dependently of a.c. lines is available, or can be 
built in a number of different forms, depending 
upon the requirements of the service for which 
it is intended. 
The most practical supply for the average 

individual amateur is one that operates from 
a 6-volt car storage battery. Such a supply 
may take the form of a small motor generator 
(often called a genemotor), a rotary converter, 
or a vibrator-transformer-rectifier combination. 

Dynamo fors 

A dynamotor differs from a motor generator 
in that it is a single unit having a doulde arnia-

ture winding. One winding serves for the 
driving motor, while the output volt age is 
taken from t hi) ot her. Dyna motors usually are 
operated from 0-, 12-, 28- or 32-volt storage 
batteries and deliver from 300 to 1000 volts 
or more at various current ratings. 

Genemot or is a term popularly used when 
making reference to a ( lynamot or designed 
especially for automobile-receiver, si tuntl-

truck and similar applirations. It has gotyl 
regulation and efficiency, combined with econ-
omy of operation. Standard models of gene-
motors have ratings ranging from 213 volts at 
50 ma. to 100 volts at 375 nia. or 600 volts at 
250 nia. The normal efficiency averages around 
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50 per cent, increasing to better than 60 per 
cent in the higher-power units. The voltage 
regulation of a genemotor is comparable to 
that of well-designed a.c. supplies. 

Successful operation of dynamotors and 
genemotors requires heavy direct leads, me-
chanical isolation to reduce vibration, and 
thorough r.f. and ripple filtration. Tite shafts 
and bearings should be thoroughly " run in" 
before regular operation is attempted, and 
thereafter the tension of the bearings should be 
checked occasionally to make certain that no 
looseness has developed. 

In mounting the genemotor, the support 
should be in the form of rubber mounting 
blocks, or equivalent, to prevent the transmis-
sion of vibration mechanically. The frame of 
the genemotor should be grounded through a 
heavy flexible connector. The brushes on the 
high-voltage end of the shaft should be by-
passed with 0.002-pfd. mica condensers to a 
common point on the genemotor frame, pref-
erably to a point inside the end rover close to 
the brush holders. Short, leads are essential. 
It may prove desirable to shield the entire 
unit, or even to remove the unit to a distance 
of three or four feet from the receiver and an-
tenna lead. 
When the genemotor is used for receiving, a 

filter should be used similar to that described 
for vibrator supplies. A 0.01-pfd. 600-volt 
((Le.) paper condenser should be connected in 
shunt across the output of the genemotor, fol-
lowed by a 2.5-mh. r.f. choke in the positive 
high-voltage lead. From this point the output 
should be run to the receiver power terminals 
through a smoothing filter using 4- to 8- ofd. 
condensers and a 15- or 30-henry choke having 
low d.c. resistance. 

D.C.-A.C. Converters 

In some instances it is desirable to utilize 
existing equipment built for 115-volt a.c. opera-
tion. To operate such equipment with any of 
the power sources outlined above would re-
quire a considerable amount of rebuilding. 
This can be obviated by using a rotary con-
verter capable of changing the d.c. from 6-, 
12- or 32-volt batteries to 115-volt 60-cycle a.c. 
Sueh converter units are built to deliver output s 
ranging from 40 to 250 watts, depending upon 
the battery power available. 
The conversion efficiency of these units 

averages about 50 per cent. In appearance and 
operation they are similar to genemotors of 
equivalent rating. The over-all efficiency of 
the converter will be lower, however, because 
of losses in the a.c rectifier-filter circuits and 
the necessity for converting heater (which is 
supplied directly from the battery in the case 
of the genemotor) as well as plate power. 

Vibrator Power Supplies 

The vibrator type of power supply consists 
of a special step-up transformer combined with 
a vibrating interrupter (vibrator). When the 

unit is connected to a storage battery, plate 
power is obtained by passing current from the 
battery through the primary of the trans-
former. The circuit is made and reversed 
rapidly by the vibrator contacts, interrupting 
the current at regular intervals to give a 
changing magnetic field which induces a volt-
age in the secondary. The resulting square-
wave d.c. pulses in the primary of the trans-
former cause an alternating voltage to be 
developed in the secondary. This high-voltage 
a.c. in turn is rectified, either by a vacuum-tube 
rectifier or by an additional synchronized pair 
of vibrator contacts. The rectified output is 
pulsating d.c., which may be filtered by ordi-
nary means. The smoothing filter can be a 
single-section affair, but the filter output 
capacitance should be fairly large — 16 to 
32 pfd. 

Fig. 7-31 shows the two types of circuits. At 
A is shown the nonsynchronous type of vibra-
tor. When the battery is disconnected the 
reed is midway between the two contacts, 
touching neither. On closing the battery circuit 
the magnet coil pulls the reed into contact 
with one contact point, causing current to flow 
through the lower half of the transformer 
primary winding. Simultaneously, the magnet 

II Vlbra hog reed . 0 RFC, 

1 i i-M7-ig in le: :cod C 

(B) 

Fig. 7-31 — Basic types of vibrator power-supply 
circuits. A—Nonsynchronous. B—Synchronous. 

coil is short-circuited, deënergizing it, and the 
reed swings back. Inertia carries the reed into 
contact wit h the upper point, causing current 
to flow through the upper half of the trans-
former primary. The magnet coil again is en-
ergized, and the cycle repeats itself. 
The synchronous circuit of Fig. 7-31B is 

provided with an extra pair of contacts which 
rectify the secondary output of the trans-
former, thus eliminating the need for a sepa-
rate rectifier tube. The secondary center-tap 
furnishes the positive output terminal when 
the relative polarities of primary and second-
ary windings are correct. The proper connec-
tions may be determined by experiment. 
The buffer condenser, C2, across the trans-

former secondary, absorbs the surges that 
occur on breaking the current, when the mag-
netic field collapses practically instantaneously 

RFC2 

To 
c , smeothot 

filter 



228 CHAPTER 7 

and hence causes very high voltages to be 
induced in the secondary. Without this con-
denser excessive sparking occurs at the vibrator 
contacts, shortening the vibrator life. Correct 
values usually lie between 0.005 and 0.03 fd., 
and for 250-300-volt supplies the condenser 
should be rated at 1500 to 2000 volts ( I.e. The 
exact capacitance is critical, and should be 
determined experimentally. The optimum 
value is that which results in least battery 
current for a given rectified (I.e. output from 
the supply. In practice the value can be deter-
mined by observing the degree of vibrator 
sparking as the capacitance is changed. When 
the system is operating properly t here should 
be practically no sparking at the vibrator con-
tacts. A 5000-ohm resistor in series with C2 will 
limit the secondary current to a safe value 
should the condenser fail. 

Vibrator-transformer units are available in a 
variety of power and voltage ratings. Repre-
sentative units vary from one delivering 125 
to 200 volts at 100 ma. to others that have a 
400-volt output rating at 150 ma. Most units 
come supplied with " hash" filters, but not all 
of them have built-in ripple filters. The re-
quirements for ripple filters are similar to those 
for a.c. supplies. The usual efficiency of 
vibrator packs is in the vicinity of 70 per cent, 
so a 300-volt, 200-ma. unit will draw ap-

RFCS 
To 6- volt 

storate bait ry 

Fig. 7-32 — Circuit of a combination a.c.-d.c. power 
supply for emergency work. 
Ci — 0.01-afd. 600. oit paper. 
C2 — 13./Afd. 450-% oit electrolytic. 
C3 — 32-afd. 45O. oit electrolytic. 
C4 — 0.005.30 0.01-afd. 1600-Yolt paper. 
CS — 500.µfd. electrolytic. 25 volts or higher. 
C6 — 100-jaafd. 60(l-vc.dt mica. 
Bt — 4700 ohms. 1 watt. 
Li — 10- to 12-hy, filter choke, 100 ma. (not over 100 

ohms) 0.;tancor C-2303 or equivalent). 
RFC1 — 2.5-mit. r.f. choke. 
RFC2— 55 turn, No. 12 on 1-inch form, close-wound. 
Si, S2 — Toggle sm it ch. 
Ti — Power transformer: 275 to 300 volts r.m.s. each 

side of center tap, 100 to 150 ma., 6.3-volt 
filament winding. 

T2 — N ibrator transformer (Stancor l'-6131 or similar). 
VIB — ibrator unit ( Mallory 500P, 294, etc.). 

proxinu.t.•1 \ 15 amperes from a 6-volt storage 
bat ter 7s1H.,•ittl vibrator transformers are also 
available from transformer manttfat•turers so 
that the amateur may build his own supply if 
he so desires. These have d.c, output ratings 
varying from 150 volts at 40 ma. to 330 volts 
at 135 ma. 

Vibrator-type supplies are also available for 
operating standard a.c. equipment from a 6-volt, 
storage battery in power ratings up to 100 watts 
continuous or 125 watts intermittent. 

"Hash" Elimination 

Sparking at the vibrator contacts causes r.f. 
interference (" hash... whirl' can be distin-
guished front hum by its harsh, sharper pitch) 
when used with a recel tir. To minimize this, 
r.f. filters are incorporated. consisting of RFC' 
and CI in the battery circuit. and RFC2 with C3 
in the d.c. output circuit. 

Equally as important as the hash filter is 
thorough shielding of the power supply and 
its connecting leads, since even a small piece 
of wire or metal will radiate enough r.f. to cause 
interference in a sensitive receiver. 

Testing in connection with hash elimination 
should be carried out with the supply operating 
a receiver. Since the interference usually is 
picked up on the receiving-antenna leads by 
radiation from the supply itself and from the 
bat t ery leads, it is advisable to keep the supply 
and battery as far from the receiver as the con-
necting cables will permit. Three or four feet 
should be ample. The microphone cord likewise 
should be kept away front the power supply and 

its leads. 
The power supply should be built. 

on a metal chassis, with all unshielded 
parts underneath. A bottom plate to 
complete the shielding is advisable. 
The transformer case, vibrator cover 
and the metal shell of the tube all 
should be groundetl to the chassis. If a 
glass tube is used it should be enclosed 
in a tube shield. The battery leads 

el D.C. should be evenly t wisi ii I, since these 
To fils, leads are more likely to radiate hash 

titan any other part of a well-shielded 
supply. Experimenting with different 
values in the hash filters should come 

after radiation from the battery leads has been 
redueed to a minimum. Shielding the leads is not 
often found ti I s particularly helpful. 

6.3V A.0 
To fi Is. 

• PRACTICAL VIBRATOR-SUPPLY 
CIRCUIT 

A vibrator- type power -:tipply may be de-
signed to operate from a › ix- volt storage bat-
tery only, or in a combination unit which may 
be operated interchangeably from either bat-
tery or 115 volts a.c. 
An example of the latter-type circuit is 

shown in Fig. 7-32. It consists essentially of 
two transformer-rectifier systems — one for 
115 volts a.c. and the other a vibrator system 
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Fig. 7-33 — A t iral e4,Ilibind I um power pack 
for low-power emergency work. I he two transformers 
are mounted at either end of the The filter con-
denser is at the left, the two rectifier sockets at the 
center and the vibrator to the rear. 

to operate from a 6-volt storage battery. A 
common filter is used for the t wo systems. In 
interchanging between a. C. and il. r. operation, 
the rectifier tube ( a 6X5 or 6W5G) is shifted to 
the appropriate socket, while the filament con-
nections are made to the proper output termi-
nals. If desired, t wo rectifier tubes may be 
used and the changeover made through suit-
able switches. 

filters for reducing hash are incor-
porated in both primary and secondary cir-
cuits. The secondary filter consists of a 0.0 I -Add. 
paper condenser directly across the rectifier 
output, with a 2.5-mh. r.f. choke in series 

2 

3 CeT 

••• 

6.35 to fits. 

6- volt bait. 

Fig. 7-34 — Circuit diagram of a compact vibrator-a.c. 
portable power supply using selenium rectifiers. 
Ci — (41-pfd. 200-volt act-trot% tic. 
C2 — 60•51,1. Uhl-% olt electrolYtie. 
C3 — NW-% itt el•rtrOly tic. 
Ca — 25-mfd. 25- volt electrolytic. 
C5, C4 — 21•N tilt ',Mier. 
C7 — 0.007-µfd, 1:;011-5,,It paper. 
Hi — 25,000 ohms. 10 watts. 
Li — 25-shy. 20-amp. choke. 
Si — 115-volt toggle switch. 
S2 — 1).1).11.I. heavy-duty knife switch. 
Sa — 25-amp. s.p.s.t. switch. 
— See text. 

V — Heavy-duty vibrator (Cornell-Dub. 4123). 

ahead of the smoothing filter. In the primary 
eireuit a low-inductance choke and high-capac-
itance condenser are needed because of the 
low impedance of the circuit. A choke of the 
,sp,•cifications given should be adequate, but 
if t liere is trouble with hash it may be beneficial 
to experiment wit li other sizes. The wire should 
be large — No. 12, preferably, or No. 14 as a 
minimum. Manufactured chokes such as the 
NIallory RF583 are more compaet and give 
higher inductance for a given resistance because 
they are bank-wound, and may be substituted if 
obtainable. Ce should be at least 500 dd.: even 
mq ire capacitance may help in bad rases of hash. 
The components are assembled on a 5 X 10 X 3-
inch steel chassis. Three socket holes are required 
-- one for the 4-prong socket for the vibrator and 
two oetal sockets for the rectifier. The a.c. line 
cord and battery and power-output leads are 
brought out at the rear. 
The compactness of selenium rectifiers and 

the fact that they do not require filament volt-
age make them particularly suited to compact 
lightweight power supplies for portable emer-
gency work. 

Fig. 7-34 shows the circuit of a vibrator pack 
that will deliver an output voltage of 400 at 
200 ma. It will work with either 115-volt ac. 
or 6-volt battery input. The circuit is that of 
the familiar voltage tripler whose d.c. output 
voltage is, as a rough approximation, three 
times the peak voltage delivered by the trans-
former or line. An interesting feature of the 
circuit is the fact that the single transformer 
serves as the vibrator transformer when op-
erating from 6-volt d.c. supply and as the 
filament transformer when operating from an 
a.c. line. This is accomplished without com-
plicated switching. 
The vibrator transformer, Tli is a dual-

secondary 6.3-volt filament transformer con-
nected in reverse. In either event, the filament 
windings must have a rating of 10 amperes if 
the full load current of 200 nut. is to be used. 
Some excellent surplus transformers that will 
handle the required current are now available 
on the surplus market. The vibrator also must 
be capable of handling the current. The hash-
filter choke, LI, must carry a current of 20 
amperes. 
The following table shows the output voltage 

to be expected at various load currents, de-
pending upon the size of condensers used at 
Cli C2 and Cg. 

el. C2. C3 
(dd.) 

60 
40 
20 

Output Voltage at 
60 ma. 100 ma. 150 ma. 200 ma. 

455 
425 
400 

430 
390 
340 

415 
360 
285 

395 
330 
225 

In operating the supply from an a.c. line, it is 
always wise to determine the plug polarity with 
respect to ground. Otherwise the rectifier part 
of the circuit and the transformer circuit can-
not be connected to actual ground except 
through by-pass condensers. Rectangular cut-
outs are also needed for the two flush-mounting 
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transformers. The filter choke, LI, and other 
small components can be fitted under the chassis. 
The clip leads to the battery should be no longer 
t ban necessary. 

• GASOLINE-ENGINE DRIVEN 
GENERATORS 

Fur higher- power installations, such as for 
communications control centers during emer-
gencies, the most practical form id independent 
power supply is tlu) gasoline-engiiw driven 
generator which provides standard 115- volt 
60-cycle supply. 

Such generators are ordinarily rated at a 
minimum of 250 or 300 watts. They are availa-
ble up to two kilowatts. or big enough to 
handle the highest-power amateur rig. Most 
are arranged to charge automatically an aux-
iliary 6- or 12- volt battery used in starting. 
Fitted with self-starters and adequate mufflers 
and filters, they represent a high order of per-
formance and efficiency. Many of the larger 
models are liquid-cooled, and they will operate 
continuously at full load. 
A variant on the generator idea is the use of 

fan-belt drive. The disadvantage of requiring 
that the automobile must be running through-
out the operating period has not led to general 
popularity of this idea among amateurs. 
Such generators are similar in construction and 
capacity to the small gas-driven units. 
The output frequency of an engine-driven 

generator must fall between t w relatively 
narrow limits of 50 to 60 cycles if standard 
60-cycle transformers are to operate efficiently 
from this source. A 60-cycle electric clock pro-
vides a means of checking the output frequency 
with a fair degree of accuracy. The clock is 
connected across the output of the generator 
and the second hand is checked closely against 
the second hand of a watch. The speed of the 
engine is adjusted until the two second hands 
are in synchronism. If a 50-cycle clock is used 
to check a 60-cycle generator, it should be 
remembered that one revolution of the second 
hand will be made in 50 seconds and the clock 
will gain 4.8 hours in each 24 hours. 
Output voltage should be checked with a 

voltmeter since a standard 115- volt lamp bull). 
which is sometimes used for this purpose. is 
very inaccurate. Tests have shomi that what 
appears to be normal brilliatice in the lamp 
may occur at voltages as high as 150 if the 
check is malle in bright sunlight. 

Noise Elimination 

Electrical in use which may interfere with re-
ceivers operating from engine-driven a. c. gen-
erators may be reduced or eliminated by tak-
ing proper precautions. The most important 
point is that of grounding the frame of the 
generator and one side of the output. The 
ground lead should be short to be effective, 
otherwise grounding may actually increase the 

noise. A water pipe may be used if a short con-
nection can be made near the point where the 
pipe enters the ground, ot herwise a good sepa-
rate ground should be provided. 
The next step is to loosen the brush-holder 

locks and slowly shift the position of the 
brushes while checking for noise with the re-
ceiver. Usually a point will•be found (almost 
always different from the factory setting) 
where there is a marked decrease in noise. 
From this point on, if necessary, by-pass 

condensers from various brush holders to the 
frame, as shown in Fig. 7-35, will bring the 
hash down to within 10 to 15 per cent of its 
original intensity, if not entirely eliminating it. 
Most of the remaining noise will be reduced 
still further if the high-power audio stages 
are rut out and a pair of headphones is con-
riveted into the second detector. 

111 POWER FOR PORTABLES 
Dry-cell batteries are the only practical 

source of supply for equipment which must be 
transported on foot. From certain considera-
tions they may also be the best source of volt-
age for a receiver whose filaments may be 
operated from a storage battery, since no prob-
lem of noise filtering is involved. 

Slip 
Rine 

vOt 4( 4C ii0 µXI'S O C 

Fig. 7-35 — Connections used for eliminating inter-
-ference from gas-driven generator plants. C should he 1 
afd.„ :300 volts, paper, while Ci mav he 1 µM. ‘‘ ith a 
voltage rating of twice the ol.e. outpoit voltage delivered 
ley the generator. X indicates an added connection 
between the slip ring on the gr led side of the line 
and the generator frame. 

Their disadvantages are weight, high cost, 
and limited current capabilit y. In addition, 
they will lose their power even when not in use, 
if allowed to stand idle for periods of a year or 
more. This makes them uneconomical if not 
used more or less ( quit inuously. 

Dry " batteries are made in a variety of 
sizes and shapes, from a 45-volt unit weighing 
about 1 iI u. that has an intermittent service 
rating of 20 hours at a drain of 20 ma., to a 
12- II). unit rated at 130 hours at 40 ma. " A" 

it for filament service range from a 
6- volt unit weighing 112 lbs. delivering in 
intermittent service and average of 60 ma. 
for 150 hours, to a 6!..,¡-lb. 1.5-volt unit having 
a service life of 870 hours at 200 ma. Miniature 
batteries, suitable for hand-portable use, are 
also available. 
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Keying and Break-In 
Offhand it would appear that keying a trans-

mitter is a simple matter, since on the face of 
it nothing more is involved than turning the 
transmitter output on and off to correspond 
to the code characters being sent. Unfortu-
nately, it is not this simple, ami perfect keying 
of a e. w. rig is as diffieult to come by as perfect 
voice quality is with a ' phone transmitter. The 
problem canniit be dismissed lightly. 

Although the operation is basically that of 
turning the transmitter outinit power on and 
off, it is complicated by the fact that it must 
not be turned on and off instanbuieuway. In-
stead, the output must be made to rise to (and 
fall from) maximum in mime finite period of 
time, if key clicks are to be avoided. These 
clicks are the ineseapable result of changing 
the power level rapidly, and they appear in the 
radio spectrum adjacent to the signal proper. 
The more rapidly the output is varied, the 
farther the clicks will extend in frequency and 
the greater will be their amplitude. They inter-
fere unnecessarily with other signals and, if 
severe enough, can be cause for a discrepancy 
report by the FCC. 

Anot her effect of improper keying of a trans-
mitter is the introduction of chirp, a change in 
frequeney at the instant of making or tweaking 
the signal. . 1. chirp of 50 cycles is enough to 
make a › igrial unpleasant to copy, and a chirp 
of several hundred cycles may render the signal 
difficult to copy or a target for an FCC dis-
crepancy report. Much depends, of course, 
upon the selectivity and beat note being used 
at the receiver, but the safest procedure is to 
aim for no detectable chirp. 
A third keying fault is defined as backwave, 

and it consists of power leaking through and 
being radiated when the key is "up." If strong 
enough, backwave makes the signal unpleasant 
or difficult to copy. 

In code transmission, there are intervals 
between dots and dashes, and slightly longer 
intervals between letters and words, when no 
power is being radiated by the transmitter. If 
the receiver can be made to operate at normal 
sensitivity during these intervals, it is possible 
for the receiving operator to signal the trans-
mitting operator, by holding his key down. 
This is useful during the handling of messages, 
since the receiving oper- tor can immediately 
signal the transmitting operator if he misses 
part of the message. It is also useful in reducing 
the time necessary for calling in answer to a 
"CQ." The ability to hear signals during the 

short "key-up" intervals is called break-in 
operation. 

• SELECTING THE STAGE TO KEY 
It is often desirable from an operating stand-

point to design the e. w. transmitter for break-
in operation. In most cases this requires that 
the oscillator be keyed, since a continuously-
running oscillator will create interference in 
the receiver and prevent break-in on or near 
one's own frequency, unless the oscillator stage 
is well shielded.' However, ehirpless and ti 
less keying of an oscillator is difficult to obtain, 
since the necessary slow turning on and off of 
the oscillator ( for click elimination) shows up 
any oscillator frequency-vs.-voltage changes. 
It is easy to key an oscillator without chirps 
or without clicks but not without both. Since 
the effect of a chirp is multiplied with fre-
quency, it is quite difficult to obtain chirpless 
oscillator keying at an output frequency of 14 
or 28 Me. 
The best-sounding keying (and the most 

simple to adjust) is usually obtained by keying 
the output or driver stage, or both. With the 
oscillator running continuously and "buffered" 
by several intermediate stages, its frequency 
remains constant throughout all parts of the 
keying cycle. The only problem in keying then 
becomes that of properly "shaping" the keying 
to reduce or eliminate clicks. When keying 
several stages away from the output amplifier, 
it is necessary to bias the stages following the 
keyed stage so that they draw little or no plate 
current when the key is up, to avoid excessive 
plate dissipation. If the stages are biased too 
heavily, however, these subsequent amplifiers 
tend to shorten the rise and fall times and 
thus reintroduce clicks. This should always be 
borne in mind when a multistage transmitter 
is used with oscillator or other low-level key-
ing. 
The power broken by the key is an impor-

tant consideration, both from the standpoint 
of safety to the operator and that of sparking 
and st irking at the key contacts. Keying of the 
oscillator or a low-power stage is favorable on 
both counts. The use of a keying relay or keyer 
tube is recommended when a high-power cir-
cuit is keyed. 

Because transmitters vary widely in design, 

For a description of a well.hielded oscillator, see Smith, 
" A Solution to the Keyed-VFO Problem," QST, February, 
1950. 
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there is no specific recommendation that can 
be made about choosing the stage to key. If 
the oscillator alone keys satisfactorily (no 
chirps or clicks), even when listening to its 
harmonics on 14 or 28 Mc., the transmitter 
should be keyed there, but the effect of adding 
the additional multipliers and amplifiers should 
be carefully checked, to see that clicks are not 
reintroduced. Methods for checking %ill he 

Keying 
The plate circuit is a good one to key in an 

oscillator or low-voltage amplifier, because it 
is easy to shape the keying properly in this 
circuit. When plate-circuit keying is used, 
however, it is usually done in the negative lead, 
since this permits one side of the key to be 
grounded. The stage can be keyed in the posi-
tive lead, but both sides of the keyed circuit 
will be "hot," and a keying relay is advisable. 
Fig. 8-1 shows the general circuit for negative-
lead keying in either an oscillator or an am-
plifier. Two examples are shown using triodes, 
but screen-grid tubcs call be used just as 
readily. Plate-circuit keying is recommended 
only for low-voltage circuits if no keying relay 
is used, since a large portion of the supply 
voltage can appear across the open key. 

Shaping circuits applicable to this and later 
circuits will be discussed in this chapter under 
"Testing Your Keying." 
Somewhat closely related to plate-circuit 

keying is screen-grid keying, shown in Fig. 
8-2. The only basic difference is that the screen 
grid is pulled down to a negative voltage when 
the key is up, to avoid the backwave that may 

Ci 

T 

Pir im 

4. 

Fig. 8-1 — Negative plate-lead ing ',Opal,- or 
filament-type tubes. These eirenit. are useful I'm- "- cll. 
lator or low-power stages. where the voltaue the 
open key is not very dangerous. Tetta”le or pentode 
stages can be keyed in this manner, but the sereen cir-
cuit should be stabilized with %It tubes or a heavy volt-
age divider. R1 is the normal grid leak, C1. C2, G, and 
C4 are ri. by-pass condensers. 
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given later. If the oscillator cannot be keyed 
satisfactorily by itself or with the following 
stage added, a stage near the output should be 
keyed and any thought of break-in operation 
should be discarded. A close approach to 
break-in operation can be obtained by using a 
convenient and fast "on-off" switch for the 
oscillator, or the break-in system described 
later in the chapter can be used. 

Circuits 
be present when the screen goes only to zero 
volts. The negative supply can be small, since 
its current demand is only a few milliamperes. 
If the screen voltage is taken from the plate 
supply, it should come from a voltage divider 
rather than a simple dropping resistor. 

o 
- 50 +SCREEN -E C-) +PLATE 
TO400 

Fig. 8-2 — Screen-grid keying, suitable for o.cillator 
or amplifier keying. RI is the normal grill L R o. _2 
should be about 200 to 500 ohms per screen volt, and 
CI, C2 and Ca are normal by-pa.. conden-ers. 

Grid-circuit, or blocked-grid, keying is 
shown in Fig. 8-3. With the key up, a negative 
voltage is applied to the grid sufficient to cut 
off the tube and prevent current flow. With 
the key closed, the grid circuit develops nor-
mal grid bias through R2. The drain on the 
negative-voltage supply is small, since it is 
limited by the size of RI. Grid-circuit keying 
is most generally used with low-power stages 
or where the voltage necessary to cut off the 
amplifier is only a few hundred volts. The 
value of CI determines the keying characteris-
tic, together with the ratio of R2 and RI, and 
will be discussed later. 
By placing the key in the cathode (or center 

tap) circuit of an oscillator or amplifier, both 
the grid and plate (and screen, if any) circuits 
are opened by the key. Cathode keying is good 
for use with amplifiers, because the proper 

Excitation 

(A) 

Fig. 8-3 — Blorked-grid key-
ing. RI, the current-limiting 
resistor, should have a value 
of about 50,000 oinn,:. Ci 

may has e a eapaeity of 0.1 
to I dd., depending upon 
the keying eharacteri-tie 
desired. R2 is the normal 
value of grid leak for the 
tube. 
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Fig. 8-5— The basic 
keyer-tube circuit for 
cathode or negative-lead 
keying. 

Fig.8-4— Cathode and center-tap key'ng. The condens-
ers C are r.f. by-pass condensers. Their capacity is not 
critical, values of 0.001 to 0.01 pfd. ordinarily being used. 

shaping can be accomplished readily. It is also 
widely used with oscillators, but here the 
shaping is often complicated by the grid-
circuit time constant. Cathode keying is shown 

o came/ e of in Fig. 8-4. It is popular 
keyed sta9e for use in low- and me-

dium-power stages, al-
though a keying relay or 
keyer tube should be 
used where the plate 
voltage is more than 
300. 
A popular method of 

keying involves using 
One or more t ubes as 
keyer tubes, in place of 
a relay. A keyer tube (or 
tubes) can be used in the 
negat ive-lead or cathode-
keying circuits of Figs. 
8-1 and 8-4. One ad-
vantage of tube keying 
is that the voltage across 

the key is limited by large resistors, and so the 
operator has no chance for anything but the 
slightest electrical shock. A further advantage is 
that the shaping is done in the grid circuit of the 
keyer tube with inexpensive parts. The basic 
keyer tube circuit is shown in Fig. 8-5 — it is simi-
lar to the grid-circuit keying of Fig. 8-3. 
A keying relay can be substituted for a key 

in any of the keying circuits shown in this 
chapter. Most keying relays operate from 6.3 
or 115 volts a.c., and they should be selected 
for their speed of operation and adequate in-
sulation for the job to be done. Adequate cur-

Relay Power 

Relay 
Key 

Fig. 8-6 — A keying relay can always be substituted for 
the key, to provide better isolation from the keyed cir-
cuit. An r.f. filter is generally required at the key, and the 
keying filter is connected in the keyed circuit at the 
relay contacts. 

rent-handling capability is also a factor. A 
typical circuit is shown in Fig. 8-6. 
The relay-coil current that is broken by the 

key will cause clicks in the receiver, and an 
r.f. filter (see later in this chapter) is often 
necessary across the key. The normal keying 
filter connects at the relay armature contacts 
in the usual manner. Vibration effects of the 
keying relay upon the oscillator circuit should 
be avoided. 

Testing Your Keying 

The choice of a keying cuit is not as im-
portant as its complete tu›ting. Any of the 
circuits shown can be made to give satisfactory 
keying, but they must be adjusted properly. 
The easiest way to find out what your keyed 

signal sounds like on the air is to trade stations 
with a near-by ham friend some evening for a 
short QS0. If he is a half mile or so away, 
that's fine, but any distance up to the point 
where the signals are still S9 will be satis-
factory. 

After you have found out how to work his 
rig, make contact and then have him send slow 
dashes, with dash spacing. (The letter "T" at 
about 5 w.p.m.) With the crystal filter out, cut 
the r.f. gain back just enough to avoid receiver 
overloading (the condition where you get crisp 
signals instead of mushy ones) and tune slowly 
from out of beat-note range on one side of the 
signal through to zero and out the other side. 
Knowing the tempo of the dashes, you can 
readily identify any clicks in the vicinity as 
yours or someone else's. A good signal will have 
a thump on "make" that is perceptible only 
where you can also hear the beat note, and the 

click on "break" should be practically negli-
gible at any point. Fig. 8-7A shows how it 
should sound. If your signal is like that, it will 
sound good, provided there are no chirps. Then 
have him run off a string of 35- or 40-w.p.m. 
dots with the bug — if they are easy to copy, 
your signal has no "tails" worth worrying 
about and is a good one for any speed up to 
the limit of manual keying. If the receiver has 
poor selectivity with the crystal filter out, 
make one last cheek with the filter in (Fig. 
8-713), to see that the clicks off the signal are 
negligible even at high signal level. 

If you don't have any convenient friends 
with whom to trade stations, you can still 
check your keying, although you have to be 
a little more careful The first step is to get rid 
of the r.f. click at the key, because if you don't 
you will never know where you stand. Locally 
(meaning in your own receiver) this click will 
coincide in time with clicks that may or may 
not be on your signal, so there is just no way 
to observe your signal without first eliminating 
the r.f. click. And unless you have a keying 
system that breaks no current, you have a 
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• 4000 
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• 2000 
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No clicks on"make" beyond these 
points 

Slight click on *break" 
ix this region only 

(A) 
RECEIVER TUNING DIAL 

Fig. 8-7 — Representations of a clean c.w. signal as a receiver i 
crystal filter and the h.f.o. set in the center of the passband, and 
justed for single-signal reception. The variation in thickness of the 
audio frequency where the signal disappears will depend mum the 
of the •, ignal. 

click at the key. Even the current broken by 
the key in a vacuum-tube keyer circuit ( which 
is sometimes only 0.1 ma. or so) will cause r.f. 
clicks that can be heard ill your receiver and 
often in the b.c. set. If you key with a relay, 
the key opens the relay-coil circuit and clicks 
are generated at the key as well as at the relay 
contacts. Don't make the very common mis-
take of thinking these clicks are the same as 
the on-the-air clicks discussed earlier — they 
are not! They are simply local clicks that you 
must eliminate before you can observe your 
signal in your receiver. These clicks are the 
same as the ones you get when you turn an 
electric light on or off — when you suddenly 
start or stop current flow, no matter how little, 
you generate r.f. and that's the click. 

Getting rid of this little click is generally no 
trick at all, unless you're breaking a lot of 
current. All it requires is a small r.f. filter, as 
shown in Fig. 8-8. Sometimes just a small 
(0.001-µfd.) condenser mounted right at the 
key terminals will do it, and sometimes it will 
require the full treatment complete with r.f. 
chokes and second condenser. Measure the 
normal current through the key leads, remove 
the transmitter leads, and then connect a d.c. 
power supply and resistor to give the same 
current through the key. When your key will 
break this current with no click, as observed 
in your receiver and the b.c. set (tuned off any 
station), you have a suitable if, filter at the 

RFC, 

(ULU   

C, C, 
ow,  

To keyed 
circuit 

RFCz 

Fig. 8-8— A filter for eliminating the r.f. click at 
the key. First try C.. then add the two r.f. chokes. 
and then c2. like.- does not eliminate on 
clicks, hut it is no, e-- art if von are trying to check 
keving in vour (mu receiver; It should lllllll nted 
right at the key. 

Ci„ — 0.01 to 0.1101 not critical. 
R R FC2 — 1- to 2.5-mh. r. f. choke. 
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tu 

2000 

• 1000 

CO 

No clicks beyond 
these points 

(B) 

RECEIVER TIMING DIAL 

s tuned through it. ( A) shows a receiver with no 
(1l) slums the crystal filter in and the ri','..' 'r ail. 
lines represents the relative signal intensit s . The 
receiver selectivity characteristic and the strength 

key and you can reconnect the transmitter. If 
you use a vacuum-tube keyer, just don't turn 
on the transmitter but key the normal keyer 
grid current. If you use a keying relay, first 
eliminate the click at the key by just keying 
the relay and adding filter across the key, and 
then eliminate the click at the relay contacts 
with another r.f. filter in the relay-keyed cir-
cuit. The filter should be mounted right at the 
key or relay contacts. The objective is to be 
able to make or break normal key current 
without generating a local click, and the filter-
ing is usually so simple that the junk box will 
yield the parts and the process takes longer to 
describe than to apply. 
So far you haven't done a thing for your 

signal on the air and you still don't know what 
it sounds like, but you may have cleaned up 
some clicks in the b.c. set. Now disconnect the 
antenna from your receiver and short the 
antenna terminals with a short piece of wire. ' 
l'une in your own signal and reduce the r.f. 
gain to the point where your receiver doesn't 
overload. Detune any antenna trimmer the 
receiver may have. If you can't avoid overload 
within the r.f, gain-control range, pull out the 
r.f. amplifier tube and try again. If you still 
can't avoid overload, listen to the second 
harmonic as a last resort. Since an overloaded 
receiver can generate clicks, it is easy to realize 
the importance of eliminating overload during 
any tests or observations. 

Describing the volume level at which you 
should set your receiver for these "shack" tests 
is a little difficult. The r.f. filter should be 
effective with the receiver running wide open 
and with an antenna connected. When you 
turn on the transmitter and take the other 
steps mentioned to reduce the signal in the 
receiver, run the audio up and the r.f. down to 
the point where you can just hear a little 
"rushing" sound with the b.f.o. off and the 
receiver tuned to the signal. This is with the 
crystal filter in. At this level, a properly-ad-
justed keying circuit will show no clicks off the 
rushing-sound range. With the b. f.o. on and 
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the same gain set t lug, I q.e should be no clicks 
outside the beat-note range. When observing 
clicks, make the slow-dash and fast-dot tests 
outlined previously. 
Now you know how your signal sounds on 

the air, with one exception. If keying your 
transmitter makes the house lights blink or the 
dial light in your receiver flicker, you may not 
be able to tell too accurately about any chirp 
on your signal. However, if you are satisfied 
with the absence of chirp when tuning either 
side of zero beat, it is safe to assume that your 
receiver isn't chirping wit h the light flicker and 
the observed signal is a true representation. 
No chirp either side of zero beat is fine — some 
chirp can be either in your transmitter or your 
receiver, when the lights flicker. But don't try 
to make these tests without first getting- rid of 
the r.f. click at the key — you will never be 
able to give yourself a clean bill of health, be-
cause clicks can mask a chirp. 

In some instances, particularly if the trans-
mitter power is several hundred watts or more, 

R.EFilter 
k",o-rdgelb-r- 011,—.- eceer.ceewdft 

 J To erouredor 
 fscreensupply 

Fig. 8.9 -- key-click filter for cathode, negative. 
lead or ing. It can be located an o here in the 
keying line. The aloes of I. and C will vary oidely with 
different currents and voltages. and must be found by 
cut-andl-trv. l'or screen keying, the resistor R2 (Fig. 8-2) 
should connect to the junction of L and C. 

C — 0.05 to 2.0 ad. 
I. — 0.5 to 30 henrys. 

you may find that a small click still persists on 
all frequencies. If such a click is observed, pull 
,tilt the last i.f. amplifier tube in your receiver 
and listen again. If the click is still there, it 
indicates rectification in the audio system of 
your receiver, the same type of BC! we euss 
out cheap midget receivers for. You can vure 
it with the usual resistor-condenser filter used 
for curing such BCI cases, or you can leave it 
in and make mental compensation for it. Any 
click you hear on your signal should reduce to 
this minimum click immediately off the signal. 

Another unavoidable click can be encoun-
tered by r.f. pick-up on the lead from a re-
ceiver if. amplifier to a Q5-er. Here again the 
click will be present at any setting of the re-
ceiver tuning control. The solution here is to 
make your checks with the Q5-er disconnected 
and the lead removed from the receiver. 

Key clicks are caused by the key turning 
your transmitter on and off too fast — and 
sometimes by parasitic oscillations in an ampli-
fier — and all a key-click filter does is to slow 
down the turning-on and turning-off processes. 
Parasitic clicks occur at points 25 to 100 kc. 
either side of the signal, and are caused by 

low-frequency parasitic oscillations that are 
triggered by the keying. The cure consists of 
eliminating the oscillation, not adding key-
click filters. 

Plate, screen or cathode keying requires a 
key-click filter of. the type shown in Fig. 8-9. 
Adjustment of such a filter is a simple matter. 
If the signal has too heavy a click or thump 
on "make," L should have more inductance. 
If the click is too heavy on "break," C should 
have more capacity. The "break" character-
istic is also influenced by the value of L, so 
start with a value of C that reduces the clicks 
noticeably on "break," adjust the value of L 
for best "make" characteristic, and then clean 
up the "break" by further modification of C. 
Since you may have only a few stray induct-
ances around the shack, you may not find just 
the value you want for L. In this case, use a 
value that gives too soft a "make" and then 
shunt the inductance with resistance to reduce 
its effect. Transformer windings will often 
serve as well as standard chokes in this applica-
tion, so try everything around the shark until 
you find what you need. For a given voltage, 
high-current circuits will require more C and 
less L than will low-current ones. 

In the screen-grid keying circuit, the value 
of R. will also affect the "break" character-
i- t iv. If 112 is too large the "break" will tail off 
t • , t) gradually, if it is too small it may introduce 
a click on "break." In general it is best to start 
with a value as suggested in Fig. 8-2 and adjust 
C for the proper "break" characteristic. 

Adjustment of control-grid or keyer-tube 
keying characteristics is simple, since the im-
portant components are CI, Ri and 112 ( Figs. 
8-3 and 8-5). For a given value of increasing 
the value of 112 will soften the "make" char-
aeteristic, and increasing the value of RI will 
soften the "break." The value of RI will be 
many times the value of 112. With grid-block 
kuy big, the value of R2 is determined already 
if the tube runs grid current, because this will 
be the normal grid leak, and so the value of Ci 
must be adjusted for proper "make" char-
aeteristic and then the "break" made satis-
factory by adjustment of R1. Tubes running 
heavy grid current are not too suitable for 
grid-block keying because the value of RI 
generally ends up comparatively low and the 
negative supply must furnish too much current 
when the key is down. 

If pm are keying in a low-level stage, don't 
overlook the (lipping action of subsequent 
stages that are fixed-biased beyond eut-off. It 
can reintroduce elicks.2 And if you key your 
oscillator, don't be too disappointed in the 
chirp that shows up when you have clickless 
keying. Amplifier keying is the answer. 

, For a more complete discussion of this effect, see Carter, 
"Reducing Key Clicks," QST, March, 1949. 
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Vacuum-Tube Keyers 

The practical tube-keyer circuit of Fig. 8-10 
can be used for keying any stage of any trans-
mitter. Depending upon the power level of the 
keyed stage, more or fewer Type 45 tubes can be 
connected in parallel to handle the necessary cur-
rent. The voltage drop through a single 45 varies 
from about 90 volts at 50 ma. to 50 volts at 20 ma. 
Tubes added in parallel will reduce the drop in 
proportion to the number of tubes used. 
When connecting the output terminals of the 

keyer to the circuit to be keyed, the grounded 
output terminal of the keyer must be connected 
to the transmitter ground. Thus the keyer can be 
used only in negative-lead or cathode keying. 
When used in cathode keying, it will introduce 

5 
o 

voltage is avail: t ,Itt from some other source, such 
as a bias supply. A simplified version of this cir-
cuit could eliminate S1 and S2 and their asso-
ciated resistors and condensers, since they are 
incorporated only to allow the operator to select 
the combination he prefers. But once the values 
have been selected, they can be soldered perma-
nently in place. The rule for adjusting the keying 
characteristic is the same as for blocked-grid 
keying. 

A Low-Power Keyer 

If a low-level stage running only a few watts 
is to be keyed, the tube-keyer circuit of Fig. 8-11 
offers a simple solution. By using a 117L7 type 

 o 
KEYED Custurr 

Fig. 8-10 — NI ¡ring diagram of a practical vac -tithe ke)er. 
C1— 2-mftl. 600-volt paper. 11a, 114 — 4.7 megohms, 1 watt. 
C2 — 0.0033-gfd. mica. Re — 0.47 megohm. 1 watt. 
Cs — 0.0017-aftl. mica. St, S2 — 1-CireDi I rotary SM all. 
RI — 0.22 megohm, 1 watt. Ti — 350-0-350 volts, 5 volts and 2.5 volts (Stancor 
112 — 50.000 ohms, 10 watts. 1'6003). 

cathode bias to the stage and reduce the output. 
This (tan be eompensated for by a reduction in 
the grid-leak bias of the stage. 
The negative-voltage supply (T1, Ch R1 and 

the 80 rectifier) can be eliminated if a negative 

Low-Voltage 
Power Supply x 

3 
CI 

tube, which incorporates its own rectifier, it is 
only necessary to connect to some existing power 
supply at the point marked " X". The keying 
characteristic will vary with many factors, so 
the values of RI and 112 only represent starting 

points for experimentation. 
When the key or keying 

lead has poor insulation, the 
resistance may become low 
enough (particularly in humid 
weather to reduce the block-
ing voltage and allow the 
keyer tube to pass some cur-
rent. This may cause a slight 
baekwave, but it can be cured 
by better insulation, or by re-
duced values of Hg and 114 in 
Fig. 8-10 or R1 in Fig. 8-11. 

Fig. 8-11 — Simple low-power vacutim-tuhe keyer. 

Ct — 0.5.5fd. 600-volt paper. RI — 1 
C2 — 8.5fd. 150-‘011 electrolytic. 112 
C2 — 0.01-pfd. cera lll i l 

Connect keyer to a low-voltage power supply at point -X". 

megolun, watt. 
megolun, /là. watt. 

Monitoring of Keying 

In general, there are two common met hods for 
monitoring riles '' fist" and signal. The first, and 
perhaps more common type, it AN dyes tlw use of 
an audio oscillator that is keyed simultaneously 
wit h the transmitter. 
The second method is one that permits receiv-

ing the signal through one's receiver, and this 
generally requires that the receiver be tuned to 
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The Monitone—for C.W. and 'Phone 

The " Monitone" is a useful device for monitor-
ing c.w. or 'phone transmissions. When used for 
c.w. work, it furnishes an audio tone every time 
the transmitter key is closed, and it also blanks 
the receiver output at the saine time. When used 
with a 'phone transmitter, it blanks the receiver 
when the transmitter carrier is turned on, and 
also furnishes an audio replica of the transmitted 
signal, at any desired volume level. The Monitone 
requires no direct connection to the transmitter 
or key, and no changes are needed in the receiver. 
The sidetone and blanking are keyed by the r.f. 
output of the transmitter, regardless of frequency. 

Referring to Fig. 8-12, the 6SL7GT acts as a 
dual amplifier, for the receiver output and for the 
sidetone oscillator (consisting of the neon bulb 

65 L767 

NE-2, Cs and R10 + RIO. When r.f. from the 
transmitter is fed in at J1 it is rectified by 
XTAI, and a negative voltage is developed across 
R. This negative voltage cuts off the 6J5 and 
one-half of the 6S1.7( T. The neon-bulb oscillator 
goes into action and the resultant tone is ampli-
fied in the other half of the 6S1.7GT. For 'phone 
work, SIB is opened and S1A is closed. This turns 
off the sidetone oscillator and feeds the rectified 
audio from the transmitter through volume con-
trol R.s. 
The tone of the neon-bulb oscillator is varied 

by the position of R11. Since the power drain of 
the Monitone is only about 5 nia. at 250 volts, 
a resistor is used instead of a filter choke in the 
power supply. 

One method of construction of the Monitone is 
to use a 6-inch cube aluminum utility box (ICA 
No. 29843) for a cabinet, mounting the compo-
nents on one removable wall and a small 2-inch 
chassis fastened to this wall. R6, R11, S2, J2 and 
NE-2 can be mounted on the panel, with NE-2 
projecting through a rubber grommet. The 1N34 
crystal and most of the neon-oscillator parts can 
mount on the 6J5 socket, and the audio compo-
nents can be grouped around the 6SI.7 socket. 
A tip jack for the r.f. pick-up lead can be mounted 
on the rear wall of the chassis, near where the 
115-volt line cord and the shielded lead to PI are 
brought out. It is advisable to keep the power-
supply wiring and components away from the 
audio. 

Fig. 8-12 — Wiring diagram 
of the Monitone. 

Ci — 0.005-5M. dise ceramic. 
C2, C3 — 400-volt pa-

per. 
Ca — 250-µpfd. ceramic. 
C5 — 100-/a/aftl. rerainir. 
C6 — 0.00 hpfd. di... ', ramie. 
C7, Cs — 8-afd. 17,0...dt elec-

trolytic. 
lit — 6800 Ohms, Watt. 
112 — 1000 ohms, !.2 W at t. 
112 — 0.56 megohm. 2 natl. 
114, 11 s — 1200 ohms. I 2 V. att. 
Rs — 1-megolun p,,i cr, t imileter 

(Mallory -7)3 . 

it — 22,000 ohms, I s, .rit. 
Bs — 68,000 ohms, !2 .att. 
Its, Rio — 1 inegohnt. ! 2 watt. 
Rit — 3-megohm potentiome-

ter (Mallory t.59). 
1112 — 2.2 megohms, ! t watt. 
1113— 47,000 ohms, I watt. 
1114 — 0.1 megoltm, 1 watt. 
Ji — Tip jack. 
.12 — Open-circuit jack. 
Pi — 'Phone plug. 
RFC' — 2.5-mh. r.f. choke. 
S15, SIB — S.p.d.t. switch; see 

text. ( Mallory LS-28.) 
S2 — S.P.6.1.. toggle switch. 
Ti — Replacement transformer 

(Stancor P.6010). 
Xtal — 1N34, 1N51, etc. Con-

nect "cathode" to 

Changeover switch SiASIB is mounted on the 
tone potentiometer, Rie, and is wired so that SlA 
is closed when the control arm for the poten-
tiometer is rotated to the extreme counterclock-
wise position. SIB should open at this setting of 
the tone control. SIASui, labeled by the manu-
facturer as a s.p.d.t. switch, is actually a pair of 
s.p.s.t. switches built into a single assembly. 

Installation& Operation 

The Monitone is used by plugging the audio 
plug, Ph into the headphone jack of the receiver, 
the headphones into J2 of the Monitone, and 
applying 115 volts a.c. A length of wire must 
be run from the r.f. input jsek, J1, to a point. 
where it can pick up r.f. from the transmitter 
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antenna system. With S113 and the power switch, 
82, closed, the transmitter may be turned on and 
the position of the r.f. pick-up lead ( Caution! 
High voltage!) adjusted for a sustained oscilla-
tion of the neon tube circuit. Sufficient r.f. cou-
pling between the transmitter and the monitor is 
indicated by a glow in the bulb and by the side-
tone as heard in the headphones. 

The r.f. field around the antenna system 
may vary in strength as the transmitter is 
switched from one band to another. Usually, 
however, a coupling adjustment made at one 
frequency will suffice for all other frequencies 
as long as the pick-up line is coupled to one side 
of the antenna tuner and not the transmission 
line. 

Break-In Operation 
Break-in operation requires a separate re-

ceiving antenna, since none of the available 
antenna change-over relays is fast enough 
to follow keying. The receiving antenna should 
be installed as far as possible from the trans-
mitting antenna. It should be mounted at right 

To Keyed 
03cillato 

RK, Rrc, 

Z c 21 

Fig. 8-13 — Wiring diagram for smooth break-in opera-
tion. The leads shown as heavy lines should be kept as 
short as possible, for   pick .up of the trans-
mitter signal. 

CI, C . Ca — 0.001 aril. 
Ri — Heed% er manual gain control. 
112 — 5000- or 10,000.olun wire-wound Ilote •ter. 
R Mt, il FC2, It H:3 — r.f. choke. 
Hy — S.p.d.t. keying relay. 

angles to the transmitting antenna and fed 
with low pick-up lead-in material such as 
coaxial cable or 300-ohm Twin-Lead, to mini-
mize pick-up. 

If a low-powered transmitter is used, it is 
often quite satisfactory to use no special equip-
ment for break-in operation other than the 
separate receiving antenna, since the trans-
mitter will not block the receiver too seriously. 
Even if the transmitter keys without clicks, 
some clicks will be heard when the receiver is 
tuned to the transmitter frequency because of 
overload in the receiver. An Output limiter, as 
described in Chapter Five, will wash out these 
clicks and permit good break-in operation even 
on your transmitter frequency. 
When powers above 25 or 50 watts are used, 

special treatment is required for quiet break-in 
on the transmitter frequency. A means should 
be provided for shorting the input of the re-
ceiver when the code characters ate sent, and a 
means for reducing the gain of the receiver at 

Receiving 
Antenna 

Ant. 

God. 

Receiver 

the same time is often necessary. The system 
shown in Fig. 8-13 permits quiet break-in 
operation for higher-powered stations. It re-
quires a simple operation on the receiver but 
otherwise is perfectly straightforward. RI is 
the regular receiver r.f. and i.f. gain control. 

The ground lead is lifted on this control 
and run to a rheostat, 112, that goes to 
ground. A wire from the jutiviion runs 
outside the receiver to the keying relay, 
R„. When the key is up, the ground side 
of RI is connected to ground through the 
relay arm, and the receiver is in its 
normal operating condition. When the 
key is closed, the relay closes, which 
breaks the ground connection from RI 
and applies additional bias to the tubes 
in the recei ver. This bias is controlled by 
112. When the relay closes, it also closes 
the circuit to the transmitter oscillator. 

C2, C3, RFC2 and RFra rompose a filter to 
suppress the clicks caused by the relay current. 
The keying relay should be mounted on the 

receiver as close io tile antenna terminals as 
possible, and the loto Is shown heavy in the 
diagram should be kept short, since long leads 
%yin allow too 1111Ich signal to get through into 
the receiver. A good high-speed keying relay 
should be used. If a two-wire line is used from 
the receiving antenna, another r.f. choke, 
RFC4, will be requireil. The revised portion 
of the schematic is shown ir Fig. 8-14. 

• A DE LUXE BREAK-IN SYSTEM 
in 111:111y inst:imps it is ( ptite difficult to Lev 

an oscilLtor without dirks and chirps. M“st 
oscillat ,ir, will key without apparent chirp 
if the ri-c iind qlevay times are made very short, 
but thi, introduces key clicks that cannot be 

Receiving 
Antenna 

Fig. 8-14 — Necessary circuit revision of Fig. 8-13 if a 
two-wire lead fr  the receiving antenna is used. 
RH:4 is a 2.5-mh. r.f  choke — other values arc the saine 
as in Fig. 8-13. 
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.5vAc. 
Fig. 8-15 — A de luxe break-in system that holds the 
oscillator circuit dosed (and the reeeiyer input shorted) 
(luring a string of fast dots but opens between letters or 
words. 

— 0.001-afd. mica. 
C2 — 0.0017-5M. mica. 
Hi — 20.000 ohms, 10 watts, wire-wound. 
112 — 1800 ohms. 
113 — 1500 ohms. 
114, 11r, — 1.0 megohm. 
lis — 4700 ohnis. 
117 — 6.8 megohm. 
Rs — 0.17 megolun. 
— 50-ohm center-tapped resistor, 2 watts. 

resistors l -watt composition unless otherwise noted. 
— 2.5-mh. r.f. choke. 

Its — high-speed relay. 1400-ohm 18-volt coil (Stevens-
Arnold Type 172 Nlillisec relay). 

avoided. The system shown in Fig. 8-15 avoids 
this trouble by turning on the oscillator 
quickly, keying an amplifier with a vacuum-
tube keyer, and turning off the oscillator after 
the amplifier keying is finished. The oscillator 
is turned on and off without lag, but the 
resultant clicks are not passed through the 
transmitter. Actually, with keying speeds 
faster than about 15 w.p.m., the oscillator will 
stay turned on for a letter or even a word, but 
it turns off between words and allows the 
transmitting station to hear the " break" signal 
of the other station. It requires one tube more 
than the ordinary vacuum-tube keyer and a 
special high-speed relay. 

As can be seen from Fig. 8-15, the circuit is 
a combination of the break-in system of Fig. 
8-13 and the tube keyer of Fig. 8-11, with a 
6SN7 tube and a few resistors added. Normally 
the left-hand portion of the 68N7 is biased to a 
low value of plate current by the drop 
through R2 (part of the bleeder RiR223) and 
the relay is open. When the key is closed and 
C2 starts to discharge, the right-hand portion 
of the 6SN7 draws current and this in turn puts a 
less-negative voltage on the grid of the left-hand 

To 
Keyed 
Amplifier 

portion. The tube draws cur-
rent and the relay closes. The 
relay will stay closed until the 
negative voltage across C2 is 
close to the supply voltage, 
and consequently a string of 
dots or dashes (which doesn't 
give C2 a chance to charge to 
full negative) will keep the re-
lay closed. In adjusting the 
system, R2 controls the 
amount of idling current 
through the relay and 26 de-
termines the voltage across 
the relay. 27, 28 and C2 are 
the normal resistors and con-
denser for the tube keyer. 
When adjusted properly, the 
relay will close without delay 
on the first dot and open 
quickly during the spaces be-
t ween words or slower letters. 
When idling, the voltage 
across the relay should be one 
or two volts — with the key 
down it should be 18 volts. 

The oscillator should be designed to key as 
fast as possible, which means that series re-
sistances and shunt capacitances should be 
held to a minimum. Negative plate-lead key-
ing is slightly faster than cathode keying and 
should be used in the oscillator. The keyer 
tubes are connected in the cathode circuit of 
an amplifier stage far enough removed in the 
circuit to avoid reaction on the oscillator. By 
using blocked-grid keying of the amplifier stage, 
the key,r tubes can be eliminated. 

• ELECTRONIC KEYS 
1.:b•rt Holt( keys, :t t•ontrasted with mechanical 

autonm t ir keys, use vacuum tubes or relays (or 
both) to form automatic dashes a.s well as auto-
matic dots. As first devised by amateurs in 1940, 
a dash could be " clipped short" if the dash lever 
were lifted too soon. More recent designs have 
resulted in " self-completing dashes" that elhni-
nate this possibility and permit the operator, 
with a reasonable amount of practice, to generate 
near-perfect code. Full descriptions of electronic 
keys that produce self-completing dashes can be 
found in the following QST articles: 

Brann, " In Search of the Ideal Electronic Key," 
Feb., 1951. 

Turrin, " Debugging the Electronic Bug," Jan., 
1950. 

Montgomery', " Corkey' — A Tubeless Auto-
matic Key," November, 1950. 

Bartlett, " Compact Automatic Key Design," 
Dec., 1951. 

A simple unit that can be attached to a me-
chanical automatic key to give automatic dashes 
(not of the self-completing type, however) can 
be found fully described in the following QST 
article: 

Gotisar, "The Dash Master," Aug., 1948. 



CHAPTER 9 

Speech Amplifiers 
and Modulators 
The audio amplifiers used in liutelephone 

transmitters operate on the principles outlined 
earlier in this book in the chapter on vacuum 
tubes. The design requirements are determined 
principally by the type of modulation system to 
be used and by the type of microphone to be 
employed. It is necessary to have a clear under-
standing of modulation principles before the 
problem of laying out a speech system can be 
approached suecessfully. Those principles are 
discussed under appropriate chapter headings. 
The present chapter deals with the design of 

audio amplifier systems for communication pur-
poses. In voice communication the primary 
objective is to obtain the most effective trans-
mission; i.e., to make the message be under-
stood at the receiving point in spite of adverse 
conditions created by noise and interference. 
The methods used to accomplish this do not 
necessarily coincide with the methods used for 

otic•r purposes, such as the reproduction of 
music or other program material. In other words, 
"naturalness" in reproduction is distinctly sec-
ond:mv to intelligibility. 
The fact that satisfactory intelligibility can be 

maintained in a relatively narrow band of fre-
quencies is particularly fortunate, because the 
width of the channel occupied by a 'phone trans-
mitter is directly proportional to the width of the 
audio-frequency band. If the channel width is 
reduced, more stations can occupy a given band 
of frequencies without mutual interference. 

In speech transmission, amplitude distortion 
of the voice wave has very little effect on intelli-
gibility. Its importance in communication lies 
almost wholly in the fao that t he amlio-frequeney 
harmonics caused by such distortion may lie out-
side the channel needed for intelligible speech, 
and thus will create unnecessary interference to 
other sta t ions. 

Speech Equipment 
In designing speech equipment it is nece,sary 

to know 1) the amount of audio power the 
modulation system must furnish and (2) the out-
put voltage developed by the microphone when 
it is spoken into from normal distance (a few 
inches) with ordinary loudness. It then becomes 
possible to choose the number aml type of ampli-
fier stages needed to generate the require :I audio 
power wit hout overloading or distortion anywhere 
in the system. 

• MICROPHONES 
The level of a microphone is its electrical ind-

put for a given sound intensity. Level varies 
greatly with microphones of different types, and 
depends on the distance of the speaker's lilts from 
the microphone. Only approximate values based 
on averages of " normal" speaking voices c;111 Is 
given. The values given later are based on close 
talking; that is, with the microphone about an 
inch from the speaker's lips. 
The frequency response or fidelity of a micro-

phone is its relative ability to convert sounds of 
different frequencies into alternating current. 
For understandable speech transmission only a 
limited frequency range is necessary, and intelli-
gible speech can be obtained if the output of the 
microphone does not vary more than a few 
decibels at any frequency within a range of about 
200 to 2500 cycles. When the variation expressed 
in terms of decibels is small between two fre-

queney limits, the microphone is said to be flat 
between those limits. 

Carbon Microphones 

The carbon microphone consists of a metal 
diaphragm placed against an insulating cup eon-
taining loosely-packed carbon granules (micro-
phone button). Current from a battery flows 
through the granules, the diaphragm being one 
connection and the metal baekplate the other. 
Fig. 9-1A shows connections for carbon micro-
phones. A variable resistor is included for adjust-
ing the b uthin current to the value as specified 
with the mierophone. The primary of a trans-
former is connected in series with the battery and 
micropltone. 

As the diaphragm vibrates. its pressure on the 
granules alternately increases and decreases, 
causing a vorresponding increase and decrease of 
current flow t hrough the circuit. since the pressure 
changes the resistance of the mass of granules. 
The rt•sulting change in the current flowing 
through the transformer primary causes an alter-
nating voltage, of corresponding frequency and 
intensity, to be set up in the transformer sec-
ondary. 

Goo :I-quality carbon microphones give outputs 
ranging from 0.1 to 0.3 volt across 50 to 100 ohms; 
that is, across the primary winding of the micro-
phone transformer. With the step-up of the trans-
former, a peak voltage of between 3 and 10 volts 
can be assumed to be available at the grid of the 
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amplifier tube. The usual button current is 50 
to 100 ma. 

Crystal Microphones 

The crystal microphone makes use of the 
pieeoelectric properties of RoeheIle salts crystals. 
This type of microphone requires no battery or 
transformer and can be connected directly to the 
grid of an amplifier tube. It is the most popular 
type of microphone among tunateurs, for these 
reasons as well as the fart that it has good fre-
quency response and is available in inexpensive 
models. The hunt' circuit for the crystal micro-
phone is shown in Fig. II- I B. 

Although the level of crystal microphones 
varies with different models, an output of 0.03 
volt or so is representative for communication 
types. The level is affected by the length of the 
cable connecting the mirrillone to the first 
amplifier stage; the above figure is for lengths of 
6 or 7 feet. The frequency characteristic is unaf-
fected by the cable, but the load resistance 
(amplifier grid resistor does affect it; the lower 
frequencies are attenuated as the value of load 
resistance is lowered. A grid-resistor value of at 
least I megolun should be used for reasonably 
flat response, 5 megohms being a customary 
figure. 

Velocity and Dynamic Microphones 

In a velocity or "ribbon" microphone, the 
element acted upon by the sound waves is a thin 
corrugated metallic ribbon suspended between 
the poles of a magnet. When vibr•ating, the ribbon 
cuts the lines of force between the poles, first in 
one direction and then the other, thus generating 
an alternating voltage. 

Velocity microphones are built in two types, 
high impedance and low impedatire, the former 
being used in most applications. A high-imped-
ance microphone can be directly connected to 
the grid of an amplifier tube, shunted by a resist-
ance of 0.5 to 5 megohms (Fig. 9-1C). Low-
impedance microphones are used when a long 
connecting cable (75 feet or more) must be em-
ployed. In such a ease the output of the mireo-
phone is coupled to the first amplifier stage 
through a suitable step-up transformer, as shown 
in Fig. 9-1D. 
The level of the velocity microphone is about 

0.03 to 0.05 volt. This figure applies directly to 
the high-impedance type, and to the low-imped-
ance type when the voltage is measured across 
the secondary of the coupling transformer. 
The dynamic microphone somewhat resembles 

a dynamic loudspeaker. A light-weight voice coil 
is rigidly attached to a diaphragm, the coil being 
suspended bet ween the poles of a permanent 
magnet. Sound rauses the diaphragm to vibrate, 
thus moving the coil back and forth between the 
magnet poles and generating an alternating 
voltage. 
The dynamic microphone usually is built with 

high-impedance output, suitable for working 
directly into the grid of an amplifier tube. If the 
connecting cable must be unusually long, a low-

impedance typt , hould be used, with a step-up 
transformer at t In , end of the cable. 
A small permanent-magnet 'speaker can be 

used as a dynamic microphone, although the 
fidelity is not as good as is obtainable with a 
properly-designed microphone. 

• THE SPEECH AMPLIFIER 
The audio-frequency amplifier stage that 

causes the r.f. carrier output to be varied is called 
the modulator, and all the amplifier stages pre-
ceding it comprise the speech amplifier. Depend-
ing on the modulator used, the speech amplifier 
may be called upon to deliver a power output 
ranging from practically zero (only voltage re-
quired) to 20 or 30 watts. 

egs. Gailtierol 

1111 

4.5 tO6V. 40011 

(A) s B CARBON 

Fig. 9-1 — Speech 
input circuits used 
with var. s types of 
 rophones. 

(B) CRYSTAL 

• 

(C) HI-Z VELOCITY 

Nic. to-
line 

tine- to-
e-id trans. 

(D) LO-Z VELOCITY 

Before starting the design of a speech amplifier, 
therefore, it is necessary to have selected a suita-
ble modulator for the transmitter. This selection 
must be based on the power required to modulate 
the transmitter, and this power in turn depends 
on the type of modulation system selected, as 
described in other chapters. With the modulator 
picked out, its driving-power requirements (audio 
power required to excite the modulator to full 
output) can be determined from the tube tables 
in the last chapter. Generally speaking, it is ad-
visable to choose a tube or tubes for the last stage 
of the speech amplifier that will be capable of 
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(A) 

(B) 

+8 

+8 

Fig. 9-2 — flesistanee-conple I voltage-amplifier cir-
c(lits. A, pentode: It, triode. I )1 grunions are as follows: 

Ci — Cathode by.pas.enuidenser. 
C2 — Plate by-pass c.niolen-er. 

— 01111,11t C011plill g cmigi.•nser (blocking condenser). 
( :4 — Screen by -pa .s 114 lenser. 
— Cathode re.i.tor. 

liz — Grid re-i-t•,r. 
133 — Plate resistor. 
114 — Next-stage grid resistor. 
Its — Plate decoupling resistor. 
— Screen resistor. 

slues for suitable tumbes are given in Table 9-f. Values 
in the decounding circuit, Czlir,„ are not critical. Ils may 
be about 10% of /33: an 8. or 111-afil, eleetrolytic cou;. 
denser is usually large enough at Cz. 

developing at least 50 per cent more power than 
the rated driving power of the modulator. Titis 
will provide a factor of safety so that hisses in 
coupling transformers, etc., will not upset the 
calculations. 

Voltage Amplifiers 

If the last stage in the speech amplifier is a 
Class A132 or Class 13 amplifier, the stage ahead 
of it must be capalile of sufficient power Output 
to drive it. However, if the last stage is a Class 
Ali, or Class A amplifier the preceding stage can 
be simply a voltage amplifier. Front there on back 
to the microphone, all stages are voltage ampli-
fiers. 
The important characteristics of a voltage 

amplifier are its voltage gain, maximum undis-
torted output voltage, and its frequency response. 
The voltage gain is the voltage-antilificatitm 
ratio of the stage. The output voltage is the 
maximum a.f. voltage that can be secured from 
the stage without distortion. The amplifier fre-
quency response should be adequate for voice 
reproduction: this requirement is easily satisfied. 
The voltage gain and maximum undistorted 

output voltage depend on the operating condi-
tions of the amplifier. Data on the popular types 
of tubes used in speech amplifiers are given in 
Table 9-1, for resistance-coupled amplification. 

Tite output voltage is in terms of peak voltage 
rather than r.m.s.; this makes the rating inde-
pendent of the waveform. Exceeding the peak 
value causes the amplifier to distort, so it is more 
useful to consider only peak values in working 
with amplifiers. 

Resistance Coupling 

Resistance coupling generally is used in volt-
age-amplifier stages. It is relatively inexpensive, 
good frequency response can be secured, and there 
is little danger of hum pick-up from stray mag-
netic fields associated with heater wiring. It is the 
only type of coupling suitable for the output cir-
cuits of pentodes and high-a triodes, because 
with transformers a sufficiently high load imped-
ance cannot be obtained without considerable 
frequency distortion. Typical circuits are given 
in Fig. 9-2 and design data in Table 9-I. 

Transformer Coupling 

Transformer coupling between stages ordi-
narily is used only when power is to be trans-
ferred (in such a ease resistance muffling is very 
inefficient), or when it is necessary to couple be-
tween a single-ended and a push-pull stage. 
Triodes having an amplification factor of 20 or 
less are used in transformer-coupled voltage 
amplifiers. With transformer coupling, tubes 
should be operated under the Class A conditions 
given in the tube tables at the end of this book. 

Representative circuits for coupling single-
ended to push-pull stages are shown in Fig. 9-3. 
The circuit at A combines resistance and trans-
former coupling, and may be used for exciting the 

(A) 

(B) 
Fig. 9-3 — Transformer,mipled amplifier circuits for 
driving a pash-pail amplifier. A is for re.istanee.trans-
former coupling: 13 for transformer coupling. Designa-
tions correspond to those in Fig. 9-2. In %. values eau 
be taken from Table 9-1. In 13, the cathode resistor is 
calculated from the rated plate current and grid bias 
as given in the tube tabl.•, for the particular type of 
tube used. 
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TABLE 9-I- RESISTANCE-COUPLED VOLTAGE-AMPLIFIER DATA 

Data are given for a plate supply of 300 volts. Departures of as much as 50 per cent from this supply voltage will not materially 
change the operating conditions or the voltage gain, but the output voltage will be in proportion to the new voltage. Voltage gain is 
measured at 400 cycles; condenser values given are based on 100-cycle cut-off. For Increased low-frequency response, all condensers 
may be made larger than specified (cut-off frequency in inverse proportion to condenser values provided all are changed in the 
same proportion). A variation of 10 per cent in the values given has negligible effect on the performance. 

Plate 

Resistor 
Megohms 

Next-Stage 
Grid 

0,....,,. 
M egohms"irm's 

 Screen 
Resistor 
Megohms 

Cathode 
Resistor 
Ohms 

Screen 
By-ss By-pass 
mid. 

Cathode 
By-pass 
;dd. 

Blocking 
Condenser 

',Id. 

Output 
Volts 
(Peak), 

Volta e 
Gains 

0.1 0.35 500 0.10 11.6 0.019 72 67 
0.1 0.25 0.37 530 0.09 10.9 0.016 96 98 

0.5 0.47 590 0.09 9.9 0.007 101 104 

0.25 0.89 850 0.07 8.5 0.011 79 139 

6S.17,12S.17 0.25 0.5 
LO 

1.10 
1.18 

860 
910 

0.06 
0.06 

7.4 
6.9 

0.004 
0003 

88 
98 

167 
185 

05 2.0 1300 0.06 6.0 0.004 64 200 
05 1.0 2.2 1410 0.05 5.8 0.002 79 238 

LO 2.5 1530 0.04 5.2 0.0015 89 263 

0.1 0.44 500 0.07 8.5 0.02 55 61 
0.1 025 0.5 450 0.07 8.3 0.01 81 82 

0.5 0.53 600 006 8.0 0006 96 94 

617, 7C7, 0.25 
0.25 
0.5 

1.18 
1.18 

1100 
1200 

0.04 
0.04 

5.5 
5.4 

0.008 
0.005 

81 
104 

104 
140 

1217-GT 1.0 1.45 1300 0.05 5.8 0.005 110 185 

05 2.45 1700 0.04 4.2 0.005 75 161 
0.5 1.0 2.9 2200 0.04 4.1 0.003 97 200 

2.0 2.95 2300 0.04 4.0 0.0025 100 230 

0.1 0.2 500 0.13 18.0 0.019 76 109 
0.1 0.22 0.24 600 0.11 16.4 0.011 103 145 

0.47 0.26 700 0.11 15.3 0.006 129 168 

6.4116, 6SH7, 0.22 
0.22 
0.47 

0.42 
0.5 

1000 
1000 

0.1 
0.098 

12.4 
12.0 

0.009 
0.007 

92 
108 

164 
230 

12AU6, 12SH7 1.0 055 1100 0.09 11.0 0.003 122 262 

0.47 1.0 1800 0.075 8.0 0.0045 94 248 
0.47 1.0 1.1 1900 0.065 7.6 0.0028 105 318 

2.2 1.2 2100 0.06 7.3 0.0018 122 371 

0 1 - 1500 - 4.4 0.027 40 34 

6A06, 6A07, 
6A16, 607, 

01 0.22 
0.47 

- 
- 

1800 
2100 

- 
- 

3.6 
3.0 

0.014 
0.0065 

54 
63 

38 
41 

0.22 
0.22 
0.47 
1.0 

- 
- 
- 

0.013 
0.0065 
0.0035 

51 
65 
77 

42 
46 
48 

6SL7GT, 6SZ7, 
6111, 12AT6, 
1207-GT, 
12SI-1-GT 

- 
- 
- 

2600 
3200 
3700 

2.5 
1.9 
1.6 

0.47 - 5200 - 1.2 0006 61 48 
(one triode) 0.47 1.0 - 6300 - 1.0 0.0035 74 50 

2.2 - 7200 - 0.9 0.002 85 51 

0.1 - 1300 - 4.6 0.027 43 45 

0.1 0.22 - 1500 - 4.0 0.013 57 52 
0.47 - 1700 - 3.6 0.006 66 57 

6AV6, 12AV6, 
12AX7 0.22 

0.22 
0.47 

- 
- 

2200 
2800 

- 
- 

3.0 
2.3 

0.013 
0.006 

54 
69 

59 
65 

(one triode) 1.0 - 3100 - 2.1 - 0.003 79 68 
-69-

0.47 4300 - 1.6 0.006 62 

0.47 1.0 5200 - 1.3 0.003 77 73 
2.2 - 5900 - 1.1 0.002 92 75 

- 29-0.1 - 750 - - 0.033 35 

0.1 0.25 - 930 - - 0.014 50 34 

0.5 - 1040 - - 0.007 54 36 

6SC7, 12SC7, 0.25 
0.25 
0.5 

- 
- 

1400 
1680 

- 
- 

- 
- 

0.012 
0.006 

45 
55 

39 
42 

(one triode) 1.0 - 1840 - - 0.003 64 45 

0.5 - 2330 - - 0.006 50 45 

0.5 1.0 - 2980 - - 0.003 62 48 
2.0 - 3280 - - 0.002 72  49  

0.05 - 1020 - 3.56 0.06 41 13 

0.05 0.1 - 1270 - 2.96 0.034 51 14 

615, 7A4, 0.25 - 1500 - 2.15 0.012 60 14 

0.1 - 1900 - 2.31 0.035 43 14 7N7, 6SN7GT, 
1215-GT, 
125147-G7 
(one triode) 

0.1 0.25 
0.5 

- 
- 

2440 
2700 

- 
- 

1.42 
L2 

0.0125 
0.0065 

56 
64 

14 
14 
14 0.25 - 4590 - 0.87 0.013 46 

0.25 0.5 - 5770 - 0.64 0.0075 57 14 

1.0 - 
- 

6950 - 0.54 0.004 64 14 - - 
0.047 870 - 4.1 0.065 38 12 

0.047 0.1 - 1200 - 3.0 0.034 52 12 

0.22 - 1500 - 2.4 0.016 68 12 

6C4, 
12AU7 

(one triode) 
0.1 

0.1 
0.22 
0.47 

-- 
- 

1900 
3000 
4000 

- 
- 
- 

1.9 
1.3 
1.1 

0.032 
0.016 
0.007 

44 
68 
80 

12 
12 
12  

0.22 - 5300 - 0.9 0.015 57 12 

0.22 0.47 
1.0 

- 
- 

800 
11000 

- 
- 

0.52 
046 

0.007 
0.0035 

82 
92 

12 
12 

- 
Voltage across next-stage grid resistor at grid-current point. 
At 5 volts r.m.s. output. 
Cathode-resistor values are los phase-inverter service. 
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grids of a Class A or AB' following stage. The 
resistance coupling is used to keep the d.c. plate 
current from flowing through the transformer 
primary, thereby preventing a reduction in pri-
mary inductance below its no-current value; this 
improves the low-frequency response. With low-p 
triodes (6C5, 6J5, etc.), the gain is equal to that 
with resistance coupling multiplied by the sec-
ondary-to-primary turns ratio of the transformer. 

In B the transformer primary is in series with 
the plate of the tube, and thus must carry the 
tube plate current. When the following amplifier 
operates without grid current, the voltage gain 
of the stage is practically equal to the µ of the 
tube multiplied by the transformer ratio. This 
circuit also is suitable for transferring power 
(within the capabilities of the tube) to a following 
Class AB2 or Class B stage. 

Phase Inversion 

Push-pull output may be secured with resist-
ance coupling by using " phase-inverter" circuits 
as shown in Fig. 9-4. 
The circuit shown in Fig. 9-4A is known as the 

"self-balancing" type. The amplified voltage 

(A) 

(B) 

Fig. 9-4— Self-balancing plia. e-inverter circti -. 1 -1 
and 1'2 may be a double triode such as the 6SN 7( ; .4 or 
(iSi.7c.r. 1773 may be any of the triodes listed in able 
9-I, or one sect"  of a <halide triode. 

IIi — Grid resistor ( 1. mcgolun I.•--
112 — Cathode resistor: use one.half %,lue given in 

Table 9-1 for tube and operating )))) s 
chosen. 

lia, Its Plate re,i-tor: seleet from Table 9-1. 
lis, lis — I'. ii...' trig--I age grid r,'-i-tor 01.22 to 0.47 

megolunl. 
117 — 0.22 megolun. 
Rs — Cathode resistor: .41e. t f  Tahl. 1 

Rs, Rio — Each one-half of plate load re.istor given in 
Table 0-1. 

Ci — 10-pfd. electrolytic. 
C2, C3 — 0.01. tO 0.1-pfil. Palier. 

from Vi appears across R5 and 117 in series. The 
drop across 117 is applied to the grid of V2, and 
the amplified voltage from V2 appears across R6 
and 117 in series. This voltage is 180 degrees out 
of phase with the voltage from V1, thus giving 
push-pull output. The part that appears across 
R7 therefore opposes the voltage from Vi across 
117, thus reducing the signal applied to the grid 
of V2. The negative feed-back so obtained tends 
to regulate the voltage applied to the phase-
inverter tube so that the output voltages from 
both tubes are substantially equal. The gain is 
slightly less than twice the gain of a single-tube 
amplifier using the saine operating conditions. 

In the single-tube circuit shown in Fig. 9-43 
the plate load resistor is divided into two equal 
parts, R9 and Rio, one being connected to the 
plate in the normal way and the other between 
cathode and ground. Since the voltages at the 
plate and cathode are 180 degrees out of phase, 
the grids of the following tubes are fed equal a.f. 
voltages in push-pull. The grid return of V3 is 
made to the junction of 118 and Rig) so normal 
bias will be applied to the grid. This circuit is 
highly degenerative because of the way Riis is coil-
fleeted. The voltage gain is less than 2 even when 
a high-p triode is used at V3. 

Gain Control 

A means for varying the over-all gain of the 
amplifier is neves,•ary or keeping the final output 
at die proper level for modulating t he iransinitter. 
The common method of gain control is to adjust 
the value of a.c. voltage applied to the grid of one 
of the amplifiers by means of a voltage divider or 
potentiometer. 
The gain-control potentiometer should be near 

the input end of the amplifier, at a point where 
the a.c. voltage level is so low that there is no 
danger of overloading in the stages ahead of the 
gain control. With carbon microphones the gain 
control may be placed directly across the micro-
phone-transformer s, 'ti With other types 
of microphones, however, the gain control usually 
will affect the frequency response of the micro-
phone when connected directly across it. Also, in 
a high-gain amplifier it is better to operate the 
first tube at maximum gain, since this gives the 
best signal-to-hum ratio. The control therefore is 
usually placed in the grid circuit of the second 
stage. 

• DESIGNING THE SPEECH 
AMPLIFIER 

The steps in designing a speech amplifier are 
as follows: 

1) Determine the power needed to modulate 
the transmitter and seli.et the modulator. In the 
case of plate modulation, this will nearly always 
be a Class B amplifier. Select a suitable titi s' type 
and determine from the tul n' tables at the end of 
tisis book the grid driving power required. 

2) As a safety factor, multiply the required 
driver power by at least 1.5. 
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31 Select a tube, or pair of tubes, that will 

deliver the power determined in the second step. 
This is the last or output stage of the speech-
amplifier. Recttiver-t Yoe power tubes can be used 
(beam tubes such au,« the 61.6 may be needed in 
some cases ) as determined from the receiving-tube 
tables. I the speech amplifier is to drive a (lass 
14 modulator, use a ( lass A or AHi amplifier, in 
preferetate to Class A142, if it will give enough 
power ( output. 

4) If the speech-amplifier output stage must 
operate ( lass A142, use a medium-µ triode (such 
as the 6.15 or comtspon( ling types) to drive it. In 
the extreme case of driving 61.6s to maximum 
output, two triodes should be used in push-pull 
in the driver. In eithpr ease transformer coupling 
will have to be used, and transformer manufa('-
turers' catalogs should be et nsulted for a suitable 
type. 

5) If the speech-amplifier output stage oper-
ates Class A or Alb, it nut y be driven by a ‘toltage 
amplifier. If the output stage is push-pull, the 
driver may lip a single tubc coupled through a 
transformer with a balance ,I secondary, or may 
be a dual-triode phase inv,qicr. Determine the 
signal voltage required for fall output from the 
last stage. If the last slap. is a single-tube Class A 
amplifier, the peak signal is equal to the grid-bias 
voltage; if push-pull Class A, the peak signal 
voltage is equal to twice the grid bias; if ( lass 

t wive the bias voltage when fixed bias is 
used; if cathode bias is used, twice the bitt- fig-
ured from the eat hode resistance and the no-signal 
plate current. 

6) From Table 9-I, select a tube capable of 
giving the required output voltage and note its 
rated voltage gain. A double-triode phase inverter 
(Fig. 9-IA) will have approximately twice the 
output voltage and twice the gain of ont' t rit de 
operating as an ordinary amplifier. If the driver 
is to be transformer-coupled to the last stage, 
select a medium-µ triode and calculate the gain 
and output voltage as described earlier in this 
chapter. 

7) Divide the voltage required to drive the 
output stage by the gain of the preceding stage. 
This gives the peak voltage required at the 
grid of the next-to-the-last stage. 

8) Find the output voltage, under ordinary 
conditions, of the microphone to be used. This 
information should be obtained from the manu-
facturer's catalog. If not available, tlic figures 
given in the section 1)11 miemphones in this 
chapter will serve. 

91 Divide the voltage found in (7) by the out-
put voltage of the microphone. The result is the 
over-all gain required from the microphone to the 
grid of the next-to-the-last stage. To be on the 
safe side, double or triple this figure. 

10) From Table 9-I, seleet t eombination of 
tubes whose gains, when multiplied together, give 
approximately the figure arrived at in (9). These 
amplifiers will be used in cascade. In general, if 
high gain is required it is advisable to use a 
pentode for the first speech-amplifier stage, but it 
is no/ advisable to use a second pentode because 

of the possibility of feed-back and self-oseillation. 
In most cases a triode will give enough gain, as a 
st'' iii 1 stage, to make up the total gain required. 

ii î. t third stage, also a triode, may be used. 

• SPEECH-AMPLIFIER CONSTRUCTION 
Once a suitable circuit has been sulucted for 

a speech amplifier, the construction problem 
resolves itself into avoiding two difficulties — 
excessive hum, and unwanted feed-back. For 
reasonably humless operation, the hum voltage 
should tint exceed about I per cent of the maxi-
mum audio output voltage — that is, the humn 
should be ttt least 10 ill). I telow the output level. 
l'ilwanted feed-back, if negative, will reduce the 
gain below the calculated value; if positive, is 
likely to muse self-oscillation or " howls." Feed-
back ('ut it be minimized by isolating each stage 
with '' t lerf mph ug " resist( ti's and condensers, by 
avoiding layouts that bring the first and last 
stagy,: near each ot her, and by shielding of " hot " 
lit tints in the circuit, such as grid leads in low-
It vel stages. 

Si If q - 11-a mpl i fier equipment, especially voltage 
aml tlifier,. should lie ciaistructed on steel chassis, 
with all wiring kilo t hp chassis to take ad-
vantage of t he sill, alfori led. Exposed leads, 
particularly to the grids .) I' low-level high-gain 
tubes, are likely to pick up hum from the electric 
field that usually exists in the vicinity of house 
wiring. Even with the chassis, additional shield-
ing of the input t•ircuit cif the first tube itt a high-
gain amplifier usually is necessary. In addition, 
such eircuits should be separated as much as 
possibly fn an power-supplv transformers ttnd 
ehokes and also front any auIlio transformers that 
operate at fairly-high power levels; this will mini-
mize magnetic coupling to the grid circuit and 
thus reduce hum or audio-friquency feed-back. 
It is always a safe plan, although not an abso-
lutely neressary one, to separate the speech 
amplifier from its power supply, building them on 
separate ithas-d,. 

If a low-Icycl microphone such as the crystal 
type is use. I. t he microphone, its connecting cable, 
and t hit plug or connector by which it is at 
to the speech amplifier, all should be shielded. The 
mieroplione and cable usually ant ci instructed 
with suitable shielding. Cable shichl should 
be connected to the speerh-amplifier chassis, and 
it is advisable as well as usually necessary — 
to connect the chassis to a ground such as a water 
pipe. 
I leater wiring should be kept as far as possible 

from grid leads, and either the center-tap or one 
side of the heater-transformer secondary winding 
should be connected to the chassis. If the center-
tap is grounded, the heater leads to each tube 
should be t wisted together to retitle() the magnetic 
fiehl from the heater current. With either type of 
connection, it is advisable to lay heater leads in 
the corner formed by ut fold in the chassis, bring-
ing them out from the corner to the tube socket 
by the shortest possible path. 
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In a high-gain amplifier it is sometimes helpful 
if the first tube has its grid connection brought 
out to a top cap rather than to a base pin; in the 
latter type the grid lead is exposed to the heater 
leads inside the tube and hence may pick up more 
hum. With the top-cap tubes, complete shielding 
of the grid lead and grid eap is a necessity. 
When metal tubes an. used, always ground the 

shell connection to the chassis. Glass tubes used 
in the low-level stages of high-gain amplifiers 
must be shielded; tube shields are obtainalde for 
that purpose. It is a good plan to enclose the ( di-
tire amplifier in a metal box, or at least provhle it 
with a cane-metal cover, to avoid feed-back diffi-
culties caused by the r.f. field of the transmitter. 
R.f. picked up on exposed wiring, leads or tube 
elements causes overloading, distortion, and 
frequont ly ' set lation. 
When using paper condensers as by-passes, be 

sure that the terminal marked " outside foil" is 
connected to ground. This utilizes the outside foil 
of the condenser as a shield around the " hot" 
foil. When paper condensers are used as coupling 
condensers between stages, always cormect the 
outside- foil terminal to the side of the circuit 
having the lowest inummlance to ground. Usually, 
this will he the plate side rather than the follow-
ing-grid 

• INCREASING THE EFFECTIVENESS 

OF THE 'PHONE TRANSMITTER 

The effectivene,- oi an amateur 'phone trans-
mitter can be increased to a remarkable extent by 
taking advantage of speech characteristics. Meas-
ures that may be taken to make the modulation 
more effective include band compression (filter-
ing), volume compression, and speech clipping. 

Compressing the Frequency Band 

Most of the intelligibility in speech is con-
tained in the medium band of frequencies:that is, 
1)et ween about 500 and 2500 eyeli 's. t hi the other 
hand, the major portion of speech power is 
normally concentrated below 500 cycles. It is 
these low frequencies that modulate the trans-
mi*ter most heavily. If they are eliminated, the 
frequencies that carry most of the actual com-
munication ran be increased in amplitude with-
out exceeding 100-per-cent modulation, and the 
effectiveness of the transmitter is correspondingly 
increased. 
One simple WaY to reduce low-frequency re-

sponse is to use small values of coupling capaei-
a nee between resistance-coupled stages. a shown 

in Fig. 9-5A. A time constant of 0.0005 si ' ti for 
the etuq)ling condenser and following-stage grid 
resistor will have little effect on the amplification 
at 500 cycles, but will practically halve it at 100 
cycles. In two cascaded stages the gain will be 
4own about 5 db. at 200 cycles and it) db. at 100 
cycles. When the grid resistor is I.; megohm 
coupling condenser of 0.001 phi. will give the 
required time constant. 
The high-frequency response van be reduced 

by using " tone control" methods, utilizing a con-

(A) 

(B) 

Fig. 9-5 — A, use of a small coupling condenser to 
reduce low-frequency response; B, tone-control eircitits 
for redueing high-frequency response. Values for f: and 
R are discussed in the text; 0.01 dd. and 25,000 ohms 
are typical. 

denser in series with a variable resistor connected 
across an audio impedance at some point ill the 
speech amplifier. The best spot for the told! con-
trol is across the primary of the output trans-
former of the speech amplifier, as in Fig. 9-5B. 
The condenser should have a reactance at 1000 
cycles about equal to the load resistance required 
by the amplifier tube or tubes, while the variable 
resistor in serios may have a value equal to four 
or five firm the It resistance. The control can 
be roljusted while listening to the amplifier, the 
object being to cut the high-frequency respon:e 
as much as possible without unduly saerilieirig 
intelligibility. 

Restricting the frequency response not only 
puts more modulation power in the optimum fre-
quency band Init also reduces hum, because the 
low-frequency response is reduced, and helps re-
duce the width of the channel occupied by the 
transmission, because of the reduction in the 
amplitude of the high audio frequencies. 

Volume Compression 

Although it is obviously desirable to modulate 
the transmitter as completely as possible, it is 
diffieult to maintain constant voice intensity 
when speaking into the mi,Tophone. To overcome 
tlds variable output level, it is possible to use 
automatic gain control that follows the average 
(not instantaneous) variations in speech ampli-
tude. This can be done by rectifying atol tilt, 'ring 
some of the audio output and applying the recti-
fied and filtere(1 d.e. to a control electrode in an 
early stage in the amplifier. 
A practical circuit for this purpose is shown 

in Fig. 9-6. The rectifier must be connected, 
through the transformer, to a tube capable of 
delivering some power out (a small part of 
the output of the power stage may be used) or 
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else a separate power amplifier for the rectifier 
circuit alone may have its grid connected in 
parallel with that of the last voltage amplifier. 

Resistor Rel, in series with R5 across the plate 
supply, provides an adjustable positive bias on 
the rectifier cathodes. This prevents the limiting 
action from beginning until a desired microphone 
input level is reached. /?2, R3, C2, C3 and C4 filter 
the audio frequencies from the rectified output. 
The output of the rectifier may be connected to 
the suppressor grid of a pentode first stage of the 
speeeh amplifier. 
A transformer with a turns ratio such as to 

give about 50 volts when its primary is connected 
to the output circuit of the power stage should 
be used. If a transformer having a center-tapptd 
secondary is not avail:tide, a half-wave rectifier 
may be .used instead of the full-wave circuit 
shown, but it will be harder to get satisfactory 
filtering. 
The over-all gain of the system must be high 

enough so that full output can be secured at a 
moderately low voice level. 

Speech Clipping and Filtering 

In speech waveforms the average power con-
tent is considerably less than in a sine wave of 
the same peak amplitude. Since modulation per-
centage is based. on peak values, the modulation 
or sil eba nd power in a transmitter modulatt.d 
100 per cent by an ordinary voice waveform will 
ht. considerabiy less than the sideband power in 
the same transmitter modulated 100 per cent by 
a sine wave. In Fig. 9-7 the upper drawing, A, 
represents a sine wave having a maximum ampli-
tude that just motlulates a given transmitter 100 
per cent. The speech wave at 13 also represents 
100-per-cent modulation. 

If the amplitude of the wave shown at 13 is 
increased so that its power is comparable with or 
higher than the power in a sill( Wa hilt with 
everything above 100-per-cent modulation cut 
off, it will appear as shown at C. This signal will 
not modulate the transmitter more than 100 per 
cent, but the voice power is several times greater 
than 13. The wave is not exactly like the one at 
13, so the result will not sound exactly like the 
original. IIowever, " clipping" of this type can be 
used to secure a worth-while increase in modula-
tion power without sacrificing intelligibility. Once 
the system is properly adjusted it will be ire pos-

R5 
6H6 

Fírst speech 
Amp. 

Fig. 9-6 -- Speech-amplifier output-limiting circuit. 
CI, C2, C3, CS 0.1-afd.: RI, R2, R3 — 0.22 megolun; 
— 25,000-ohm pot.; R5 — 0. I megolun; 7' — see 

text. 

loo; 

t00% 

o 

m00% 
Fig. 9-7 — he normal speech wave ( II) has high peaks 
hut low average energy content. When the peaks are 
clipped the signal may he increased to a considerably-
higher power level without causing overmodulation 

y 

(A) 

(c) 

sible to orermodulate Ike lignsmitter been use the 
maximum output amplitude is held to the same 
value no matter what the amplitude of the signal 
applied. 

13y itself, clipping generates the same high-
order harmonics that overmodulation does, and 
a signal modulated by the clipped waveform 
shown in Fig. 9-7 would " splatter". To prevent 
this, the audio frequencies above those needed for 
intelligible speech must be filtered out, after clip-
ping awl before modulation. The filter required 
for this purpose should have relatively little at-
tenuation at frequencies below about 2500 cycles, 
Ifut high attenuation for all frequencies above 
3000 cycles. 

It is possible to use as much as 25 db. of clip-
ping before intelligibility suffers; that is, if the 
original peak amplitude is 10 volts, the signal can 
be clipped to such an extent that the resulting 
maximum amplitude is less than one volt. If the 
original 10-volt signal represented the amplitude 
that caused 100-per-cent modulation on peaks, 
the clipped and filtered signal can then be ampli-
fied up to the same 10-volt peak level for modu-
lating the transmitter, with a very considerable 
increase in modulat ion power. 
There is a loss in naturalness with " deep" clip-

ping, even though the voice is highly intelligible. 
With moderate clipping levtls (6 to 12 (110 there 
is almost no perceptible change in " quality" but 
the voice power is four to sixteen times as great 
as ill ordinary modulation. 

Before drastic clipping can be used, the speech 
signal must be amplified sever: I t mes more than 
is necessary for normal modulation. Also, the 
hum and noise must be much lower than the 
tolerable level in ordinary amplification, because 
the noise in the output of the amplifier increases 
in proportion to the gain. 
One type of clipper-filter system is shown in 

block form in Fig. 9-8. The clipper is a peak-
limiting rectifier of the same general type that is 
used in receiver noise limiters. It must clip both 
positive and negative peaks. The gain or clipping 
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%amplifier 
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Amplifier 

lesel 
Control 

Fig. 9-8 — Block diagram of speech-clipping and filter-
ing amplifier. 

control sets the amplitude at which clipping 
starts. Following the low-pass filter for elimi-
nating the harmonic distortion frequencies is a 
second gain control, the " level" or modulation 
control. This control is set initially so that the 
amplitude-limited output of the clipper-filter 
cannot modulate the transmitter more than 100 
per cent. 

It should he noted that the peak amplitude 
of the audio waveform actually applied to the 
modulated stage in the transmitter is not neces-
sarily held at the same relative level as the peak 
amplitude of the signal coming out of the clipper 
stage. When the clipped signal goes through the 
filter, the relative phases of the various fre-
quency components that pass through the filter 
are shifted, particularly those components near 
the cut-off frequency. This may cause the peak 
amplitude out of the filter to exceed the peak 
amplitude of the clipped signal applied to the 
filter input terminals. Similar phase shifts can 
occur in amplifiers following the filter, especially 
if these amplifiers, including the modulator, do 
not have good low-frequency response. With 
poor low-frequency response the more-or-less 
"square" waves resulting from clipping tend to 
be changed into triangular waves having higher 
peak amplitude. Best practice is to cut the low-
frequency response before clipping and to make 
all amplifiers following the clipper-filter as flat 
and distortion-free as possible. 
The best way to set the let ti hilation control 

in such a system is to check t In ar t mil modulation 
percentage with an oscilloscope conneeted as ( ht-
scrihed in the chapter on modulation. Wit h 1 he 
gain control set to give a desired clipping level 
with normal voice intensity at the microphone, 
the level control should Is:. adjusted so that the 
maximum modulation does not exceed 100 per 
cent no matter how much sound is applied to 
the microphone. 

Practical circuits for clipping and filtering are 
illustrated in a speech amplifier described in 
this chapter. 

High-Level Clipping and Filtering 

Clipping and filtering also can he ' lone at high 
level — that is, at the point where the modulation 
is applied to the r.f. amplifier — instead of in the 
low-level stages of the speech amplifier. In one 
rather simple but effective arrangement of this 
type the clipping takes phtee in the Class-B 
modulator itself. This is accomplished uy care-
fully adjusting the plate-to-plate load resistance 
for the modulator tubes so that they saturate or 
clip peaks at the amplitude level that represents 

100 per cent modulation. Thu load adjustment 
can be made by choice of output transformer 
ratio or by adjusting the plate-voltage/plate-
current ratio of the modulated r.f. amplifier. It is 
best done by examining the output waveform 
with an oscilloscope. 
The filter for such a system consists of a choke 

and condensers as shown. in Fig. 9-9. The values of 
L and C should be chosen to form a low-pass 
filter sed t ion having a cut-off frequency of about 
2500 cycles, using the modulating impedance of 
the r.f: amplifier as the bad resistance. For this 
eut-off frequency the formulas are 

= 
7850 

,,, 63.6 
= u2 = 

Where R is in ohms, L1 in henrys, and C1 and 
C2 in mierofitrads. For example; with a plate 
modulated amplifier operating at 1500 volts and 
200 ma. (modulating impedance 7500 ohms) L 
would be 7500/7850 = 0.96 henry and C1 or C2 

To 
Plate of 
Modulated 
ArnplIfIer 

Fig. 9-9— Splatter-suppression filter for use at high 
level, shown here connected between a Class B modu-
lator and plate-modulated r.f. amplifier. Values for LI, 
Co and C2 are determined as described in the text. 

would be 63.6/7500 = 0.0085 itfd. By-pass con-
densers in the plate circuit of the r.f. amplifier 
should be included ill C2. Voltage ratings for CI 
and C2 must be t he saine as for the plate blocking 
condenser — i.e., at least twice the d.c. voltage 
applied to the plate of the modulated amplifier. 
L and C values can vary 10 per cent or so with-
out seriously affecting the operation of the 
filter. 

Besides simplicity, the high-level system has 
the advantage that Itigh-frequency components 
of the au ho signal to to the modulator grids, 
whether present legitimately or as a result of 
amplitude distortion in lower-level stages, are 
suppressed along with the distortion components 
that arise in clipping. Also, the undesirable effects 
of poor low-frequency response following clipping 
and filtering, mentioned in the preceding section, 
are avoided. Phase shifts can still occur in the 
high-level filter, however, so adjustments prefer-
ably should be made by using an oscilloscope to 
check the actual modulation percentage under 
all conditions of speech intensity. (For further 
discussion see Bruene, " High-Level Clipping and 
Filtering", QL37', November, 1951.) 
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A Clipper-Filter Speech Amplifier-Driver 

The speech amplifier shown in Figs. 9-10 to 
9-11, inclusive, uses push-pull triodus to obtain 
a power output of 13 watts with negligible dis-
tortion -- sufficient, to drive na )st of the com-
monly-used Class-B modulator tulm•s. It in(dudes 
a clipper-filter for increasing the effect ivetless of 
modulation and for confining the channel ‘vidth 
to frequencies needed for intelligible speech. The 
over-all gain is ample for use with communica-
tions-type crystal microphones when using clip-
pilig of the to of 12-15 db. Miniature tubes are 
used in the voltage-amplifier stages. The output 
tubes are 6134Gs, operated Class AB1 with fixed 
bias. Two power supplies are included, one for 
the voltage amplifier stages and the other for the 
output tube plates. 

As shown in Fig. 9-11, the first two stages are 
voltage amplifiers of ordinary design, using a 
6A [t pentode in the first stage and a 6C4 triode 
in tine second. The output of the second stage 
can be swindied either to the 12AL-7 double-
triode clipper or to the 6C4 voltage amplifier t hat 
drives the 6B4G grids. In the latter ease the am-
plifier operation is conventional. The clipper, 
when operative, provides additional v(dtage gain 
as well as clipping. Its output goes through a 
simple hmv-pass filter ,LICu('12) so that harmon-
ics generated by clipping will be at 
before the signal reaches the grid of the sec(md 
6C4. The frequency response of the amplifig•t• with 
the filter in circuit, but with the signal below the 
clipping level, drops at the rate of roughly fi db. 
per octave below 500 cycles; above 4000 cycles 
the response is down 25 db. compared with the 
medium audio range. 
A two-section filter is used in the plate supply 

for the voltage-amplifier stages. The hum level 
must be kept low In•cause of the high gain re-
quired when using clipping. A single-section filter 
is sufficient for the output stage. Bias fni. the 
6114G grids is obtaine(l from the it 
supply by means of /? v, by-pass( 41 by (' ll. 
Two gain controls arc included, one ( Rs) for 

setting the level into the (dipper circuit and thtts 
determining the amount of clipping, and the 

Fig. 9-/r/ — This speerlt-amplifier and driver 
has ample gain for a ntierophone and 

eomplete with power -unpl,. The mea-. 
nred  listorted maim( I- II matt-. It in-
corporates a clipper-hher -( tin for it 
jug modulation effecti ,, •ne-- and deer•d-inu 
channel width. 

second (R13) for setting the output level after 
clipping. With the clipper in use, proper setting 
of R13 will keep the modulation level high but 
will prevent overmodulation. 

Construction 

As shown in Fig. 9-10, the voltage amplifiers 
occupy the left front section of the chassis. The 
6Ani. first amplifier is at, the left, followed in 
order to the right by the first 64'4, the 12A1.-7, 
and t ite st•c(md 6( .4. The 6131Gs and their output 
transformer are at t he right front. 'rhi. cylindrical 
unit just behind the second 6C4 is the interst age 
audio transformer, T1. 

Power supply components are gnawed along 
the rear edge of the chassis, wit h t he low-voltage 
supply at the left. The is over transformers should 
be kept well separated front the voltage ampli-
fiers, particularly the first two stages, in order 
to minimize hunt difficulties. 
On the front pan cl, the microphone input con-

nector is at the lower lift. Next to it is the 
clipping cont r( . 1, then the clipper in-out switch, 
and then the modulation control. The two toggle 
switches at the right are S2 and S3. 'l'in' a.c. input 

itY-Passod and Ci6, to reduce the 
possibility that r.f, picked up on the line cord will 
get into the low-level speech stages. 
The wiring underneath the chassis is relatively 

simple, as si t twit tv Fig. 9-12. The microphone 
input circuit, including fart and et, is enclosed 
in a National jack shield, and the lead from RFei 
to the 6A1.'6 grid also is shielded. 

Adjusting the Clipper-Filter Amplifier 

l'he good effect of the low-pass filter in elimi-
nating splatter can be entirely nullified if the 
amplifier stages It lit the filter can introduce 
appreciable ( list ort ion. Amplifier stages following 
the unit must be operat(41 well within their 
capabilities; in particular, the Class B output 
transformer ( if a Class 11 modulator is to be 
driven) should be shunt(41 by condensers to 
reduce the high-frequency response as described 
in the section on Class 13 modulators. 
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9-12 1telow-rhassis VieW of the clip-
per-filter speech amplifier. The relatisc4 
small number of components below 
chassis makes wiring simple. 

• 
The set ting of Ri3 is most important.. 

It is i,,' si easily done with the aid ' 4f an 
os(illo,opo one having a linear sweep) 
and an audio oscillator, using the test 
set-up shown in the seetion on test iog 
4)1' speech (tquipment. Use a resistance 
load on the output transformer to reflect 
the proper load resistance ( 3000 ohms) 
at the plates of the 6B-10s. First set Ri3 
at about LÍ the resistance from the ground end, 
switch in the clipper-filter, and apply a 500-
cycle sine-wave signal to the microphone in-
put. Increase the signal amplitude until clip-
ping starts, as shown by flattening of both the 
negative and positive peaks of the wave. To 
cheek whether the clipping is taking place in 
the clipper or in the fidlowing amplifiers, throw 
Si to the " normal" or " out" position; the 
waveshape should return tit normal. If it does 
not, it-turn Si to the " in" position and re-
duce the setting of R13 until it does. Then reduce 
the amplifier gain by means of ll6 until the 
signal is just below the clipping level. At this 
point the signal should be a sine wave. III-

- 100-add. mica. 
Ca, Cs. CI3 — 20-5M. 25-volt electroly tie. 
Ca — (. 1-afd. 401)-solt paper. 
C4, C7, CI5, CI6 0.0 I -pfd. 400-voll paper. 
Ca, Cs — 8-pfd. .1511-v oh electrolytic. 
Cs, Cii — -1.70-aufd. mica. 
Cia — 0.002-pfd. mica or paper. 
C12 — 330-551d. mica. 
Ci4 — 30-afd. 150-volt electrolytic. 
C17, Cis. Cia — 16-afil. 1511-voit electrolv tie. 
C20, C2I 8-afd. 450-s olt electrolytic (Can type). 
R — 2.2 megolims, 12 watt. 
R2, R14 2200 ohms. I2 wan. 
— 1 megohm, 4 watt. 

1{4, 0.47 megolim, !2 watt. 
Rs — 47,000 011111`,. 12 watt. 
lir, — 2-megohin s ttu,me control. 
117 — 3900 ohnts. watt. 
Hs — 11.1 megolim, 2 watt. 
Rio — 1500 ohms. 1 watt. 
11 11 — 17,000 ohm-. 1 watt. 
11 12 — 56,000 011111, 12 Wait. 
11 13 — 0.5-megolun volume control. 
1115 — 10,000 ohms, 20 watts. 
ll is — 2000-ohm 25-watt adjustable. 
1.1 — 20 henrys, 900 ohms (Stancor C-1515). 
1.2,14 — 15 henrys, 75 ma. (Stancor C-11/1/2). 
— 10.5 henry „ 110 ma. (Stancor C-1001). 

Ji — Microphone cable receptacle (Ampliemil PCIM). 
J2 — h..-- - mi  115-volt plug. 
Si — 1).p.d.t. rotary switch ( Nlallory 3122,1). 
S2, S3 — S.P s.t. toggle. 
— Audio transformer, single plate to p.p. grids, 

ratio 2:1 ,Thordarson T20.1171. 
T2 — Driver trail- former, variable ratio, p.p. driver to 

Class- 11 grids. pri. rating 121) nia, per side (Stan-
cor 1-1763). 

Ta — Power transformer: 700 s e. t.. 90 nia.: 5 v., 2 
amp.: 6.3 v. 3.5 amp. , St aticor P41/79 I. 

T4 — Power transformer: 7011 c. t., 110 una.: 5 v., 3 
amp.: 6.3 s. 1.5 amp. 1.•;tauicor P408(1). 

RFC' — 2.5 nth. ri. choke. 

crease Ri[3, without touching Rfi, until the wave 
starts to become distorted, and then back off 
Ri3 until distortion disappears. 

Next, change the input-signal frequency to 
2500 cycles, without changing the signal level. 
Slowly increase Rfi while observing the pattern. 
At this frequency it should be almost impossi-
ble to get anything except a sine wave through 
the filter, so if distortion appears it is the result 
of overloading in the amplifiers following the 
filter. Reduce the setting of RA3 until the dis-
tortion disappears, even when 116 is set at max-
imum and the maximum availalde signal from the 
audio oscillator is applied to the amplifier. The 

5i1 ion of 1113 should be noted at this point and 
the observed setting should never be exceeded. 
To find the operating setting of 1113, leave the 

audio-osdlator signal amplitude at the value 
just under the clipping level and set up the 
complete transmitter for a modulation check, 
using the oseilfi'sc''pe to give the trapttzoidal 
pattern. With the Class C amplifier and mod-
ulator running, fin! t he setting of Ri3 ( keeping 
the audio signal just under the clipping level) 
that just gives 100-per-rent modulation. This 
setting should be below the maximum setting 
of Ri3 as previously determined; if it is not, the 
driver and modulator are not capable of modu-
lating the transmitter 100 per cent and must be 
redesigned — or the Class C amplifier input 
must be lowered. Assuming a satisfactory setting 
is found, mimeo a microphone to the amplifier 
and set the amplifier gain control, Rfi, SO that the 
transmitter is modulated 100 per cent. Observe 
the pattern closely at different settings of 116 te) 
see if it is possible to overmodulate. If over-
modulation does not occur at ally setting of k6, 
the transmitter is ready for operation and 1113 
may be lorked in position; it need never be 
touched subsequently. If some overmodulation 
does occur, Rit should be backed off until it dis-
appears and then locked. 

In the absence of an oscilloscope the other 
methods of checking distortion described in 
the section on speech-amplifier testing may 
be used. The object is to prevent distortion in 
stages following the filtrr, so that when the 
clipping level is exeeeded the following stages 
will be working within their capabilities. 
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6L6 Modulators for Low-Power Transmitters 

Plate modulation for transmitters operating 
at final-stage plate power inputs up to 75 or 
80 watts can be provided at relatively small 
cost by using Class AB 61.6s as modulators. 
The combined speech amplifier and modulator 
shown in Fig. 9-13 ues the 61.6.s as Class AB2 
amplifiers and has an output (from the trans-
former secondary) of about 40 watts. The 
first stage is a 6S.17 high-gain pentode amplifier, 

must be obtained from a separate supply. 
Fixed bias for the 6L6 grids is obtained from 
the built-in supply by taking the drop across 
R19. This resistor should he adjusted so the 
voltage drop across it is 22.5 volts when the 
speech-amplifier stages are taking normal cur-
rent. 

In building the amplifier, the usual precau-
tions as to idacement of components and wiring 

to avoi,1 hum and feed-back should la• 
  observed. The microphone connecuir, 

rig. 9-13 — A 40-watt modulator of inexpensive construction. 
'lite seeond tube from the left, in the foreground, is the 6S.I7 first 
amplifier. Hie microphone connector is immediately below it on 
the chas- i- n ill. Along the It- ft edge, front the front, are the first 
and second tiSN7GTs and the dris er e rails fi,riner for the 61,fis. The 
output transformer is to the right of the 61A is. 'rite power trans. 
iormer and rectifier are at the far right. 

and is resistance coupled to one section of a 
6SN7GT triode amplifier. The other section 
of the 6SN7GT is used as a single-tube phase 
inverter to obtain push-pull output. The grids 
of the push-pull 6L6s are driven by a 6SN7GT, 
with the two sections in push-pull, 
through transformer The gain con-
trol, /1'5, is in the grid circuit ii t he 
first 6SN7GT section, and is shunted 
by condenser C5 to reduce the high-
frequency response. Condenser rib 
across the secondary of Ts, serves a 
similar purpose. The over-all circuit 
constants have been chosen so that 
the maximum response is in t most 
effective speech-frequency band. The 
response is down about 10 di). at 100 
and 3000 cycles, as compared with the 
range 300-1500 cycles. The gain is 
more than sufficient for typical crystal 
microphones. 
A power supply for the speech--

amplifier stages and for the 616 heat-
ers is included in the unit, but the 
power for the 6L6 plates and screens 

../ t, should be located close to the 
6K17 socket so t he lead to the grid can 
be short. This lead also should be 
shielded. 
The power supply for t he 616s must 

have good voltage regulation, since 
the total current varies from ap-
proximately 95 ma, with no signal to 
220 ma, at full output. A heavy-dui y 
choke-input plate supply should be 
used: general design data will be found 
in the power-so} qdy chapter. 

20- Watt Modulator 

Fig. 9-16 kt he circuit cif It speech 
amplifier and modulator that has an 
out put of approximately 20 watts. 
This circuit also 118('S 61.6s as out put 
tubes, hut t lie amplifier operates ( lass 
A It 1 atol thus requires no driving 
power. Because of this, few( voltage-
amplifier stages are needed than in the 
cast- of the 40-watt amplifier. Push-
pull input for the grids of the 61.6s is 
secured by using a single-plate-t 0-
push-pull audio transformer bet ween 
the 6J5 atol the 61.6s. In t his case it is 

economical to use a single power supply for t he 
entire amplifier, so the low- voltage supply cir-
cuit shown in the 40- watt amplifier circuit 
may be omitted. 

This amplifier can be used to plate- modulate 

Fig. 9-14 — I nderneath ihe chassis of the 10 watt  dulator. 'the 
power-suppls choke i- mounted below chassis at the right. 'I'he bias. 
setting re-i-tiir, /: in the rear chassis wall, at the lower right 
in titi- I iltiiti»gr.i lu I t her components are grouped near the tube 
socket si ith which t lies are associated. 
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Fig. 9-15 — Circuit diagram 

1:1, C5 — 25.ftl. 25-volt electrolytie. 
1:7, Cs, 1:9 11111-volt paper. 

1:3. Go. 1:12, - - 8.pfd. 110.voh eleetroly tic. 
170-µpfil. mica. 

- - i).111-pfd. 600.s oh paper. 
0.01 -pfd. I200-s oh eitiva. 

— 50-volt eleetndytie. 
Ri — 4.7 inegoluns, watt. 
112, -- 1500 ohms, '2 watt. 
113 — 1.5 megoluns. '2 watt. 
lio — 0.22 megolun. 2 Watt. 
lIs— 47,000 011,11., •, watt. 
Rs — 0.5-megolun potentiometer. 
Rs, 1113 — 56,000 ohms, t 2 Watt. 
119. II r, RI5 — 0. IT megolim. t2 watt. 
Rio — 18,000 ohms, t 2 watt. 

— 3'000 ohms, 31 watt. 

an input of 40 watts to the r.f. 
amplifier. It is necessary, of 
course, to choose the proper 
output-transformer turns ra-
tio to couple the modulator 
and modulated amplifier. 
The output stage is designed 
to work into a plate-to-plate 
load of 9000 ohms. 

For the maximum -power 
output of 20 watts, the plate 
supply for the amplifier must 
deliver 145 ma. at 360 volts. 
A condenser-input supply of 
ordinary design may lw used. 
The total plate current is 
approximately 120 ma. with 
no signal and 145 ma. at 
full output. If no more 
than 12 or 13 watts is 
needed, R9 and Rio may 
be omitted and all tubes 
fed directly from a " B" 
supply giving approximately 
175 ma. at 270 volts. 

0 the 11)-watt modulator. 
- 111.000 ohms, 1 watt. 
- 170 ohms, 1 watt. 
- 7500 ohms, 10 watt-. 
- 711110 iihrns, 25 watt-. 
- 1000.ohm wire-wo ttttt I potentiometer. I watts. 
- 1200 ohms, 10 watts. 
- Smoothing choke: 12 henrys. 80 ma. 1.1iordarson 

T20153). 
— 6.3-s ., It pilot lamp. 

J t — Microphone-cable connector ( Nenplienol Tt - Class .& Ba driver transformer, p.p. pldtc- to p. p. 
grids (Staneor %- 1116). 

T2 — Nlodulation tran-former, 3800 ohm- to desired 
load )unit Stancor 

T3 - Power trans foriro•r: 17)0 volts each - id, center-tap, 
70 ma.: 3 :1 anue.: ( 1.3 soh-. 3 amp. 
(St ancor P-4078). 

Fig. 9-16 — Circuit diagram of a low 
up to 20 watts. 

C.1, C2 — 20-pfd. 50-volt electro-
lytic. 

C9 — 200-volt paper. 
C4 — 0.01-pfd. 400-volt paper. 
C5, Co — 8-pfd. 450-volt electro-

lytic. 
C7 — 50-pfd. 50-volt electrolytic. 
RI — 4.7 megoltrus, i'2" watt. 
112— 1500 ohms, 3:2' watt. 
113 — 1.5 megolims, 3. watt. 
114 — 0.22 megohm. A watt. 

-cost modulator capable of power outputs 

119— 47,000 ohms, 1A watt. 
Ro— 1-rnegohm volume control. 
117 — 1500 ohms, 1 watt. 
Rit — 250 ohms, 10 watts. 
R9 — 2000 ohms, 10 watts. 
Rio — 20,000 ohms, 25 % ans. 
Ti — Interstage audio transformer, 

single plate to p.p. grids, ratio 
3:1. 

Ti — Output transformer, type 
depending on requirements. 
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Screen Modulator Circuit 

Fig. 9-17 is a representative circuit for a modu-
lator for the screen grid of a beam tetrode. Most 
r.f. tubes of this type require very little modu-
lating power in the serein circuit, so a receiving-
type audio power amplifier usually is sufficient. 
The circuit shinvii has ample gain for a crystal 
nicrophone and will fully modulate a screen grid 
that does not require an average audio power of 
more than three or four watts. It can also be used 
for modulating a pair of r.f. tubes where these 
requirements are not ()weeded. The ehapter on 
amplitude modulation should be consulted for 
information on determining the voltage swing 
and modulating power for a particular tube type. 
The turns ratio required in Ti, primary ti) second-
ary, will range from 1 to 1 to 0.8 to 1 for various 
r.f. tubes, sine() the peak output voltage of the 
tube across the primary of the transformer is 
about 200 volts. An inexix)nsive driver trans-
former, of the tylte used for coupling a triode or 
pentode to ( lass A lt, tetrodes of the 6L6 class, 
will be satisfartory. It should preferaltly have 
two or three primary taps so the turns ratio can 
be adjusted. Transformer coupling is used in 
preference to direct coupling ( i.e., " clamp-tube" 
modulation of the screen) because of simpler 
adjustment, ease of modulating 100 per cent, and 
because it permits using a low-voltage supply for 
the screen grid of the modulated r.f. amplifier. 
The speech input stage uses a 65.17 pentode and 

is followed by a 6.15 voltage amplifier. The 6V6 
output stage uses negative feed-back, the feed-
Intel: voltage being taken from the plate circuit 
by means of the voltage divider Rtolln and al)-

Uie. 

R2 
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plied in series with the plate resistor, R7, of the 
preceding stage. Negative feed-back in the modu-
lator is very desirable when a screen or control 
grid is to be modulated because the load on the 
modulator varies over the audio-frequency eyele, 
and feed-back reduces the distortion that arises 
from this cause. In this circuit the percent feed-
back is chosen to be as large as possiltle while 
still it enough voltage gain for normal 
voice in into it erystal microphone. 
The leu I Iwtween the microphone connector 

and the 65.17 grid should be shielded, as should 
also the first-stage grid-resistor, RI. Such shield-
ing prevents hum pick-up on the grid lead. Aside 
from this, no special preeautions need be observed 
in construeting the amplifier, beyond keeping the 
heater well away from the plate and grid 
leads of the tubes. 
The heater requirement for the unit is 1 zunpere 

at 6.3 volts. Plate-supply requirements vary front 
about 70 to 85 ma. at 250 to 300 volts, depending 
on the screen current taken by the tube being 
modulated. Hu should be adjusted, by MealtH of 
the slider, to give the proper dr. voltage at the 
screen of the modulated stage. This voltage will, 
in general, be approximately half the d.r. screen 
voltage recommended for e.w. operation, as de-
scribed in the chapter on amplitude modulation. 
Th, method of adjustment for linear modulation 
is also covered in that chapter. 
Th, same circuit may be used for control-grid 

modulatiim of either triode or tetrode r.f. ¿tin-
pli fiers. Tlw met hi id of adjustment is deseribed 
in the chapter on amplitude nualulation. 

MOD. 
68661 

6.38. 

65,11 6J5 6V6GT 

1 
+250 -6 
to300 Gnd. 

Fig. 9-17 — Modulator circuit for screen or control grid modulation. 

C1, C4 — 10-afd. 25-volt eleetroly lie. 
C2 — 0.1-pfd. 100-volt paper. 
Cs, Cs — 0.01.5M. 400-s oit paper. 
CS — 50-afd. 50-s olt electrolytic. 
C7, CS, C9 — 10-afd. 450-,,It electrolytic. 
RI — 2.2 megohrns, ,4 watt. 
Rs, RS — 1500 ohms, 3/_; watt. 
Ra — 1 incitolim, I.; watt. 
114 — 0.22 megolmr, uatt. 
112 — 1.nregolutt potent' •ter, aurIM taper. 

TO 
5.6. 

R7, RR — 0.1 incgolim, 1-4 watt. 
119 — 235 ohms, 2 watts. (Two 470-ohm I.watt units in 

parallel.) 
1110, 1112 — -17,000 ohms, 1 watt. 
1111 — 27,000 ohms, 1 watt. 
R13 — 25,000-ohm adjustable, 25 watts. 
.11 — Nlicrophotte jack. 
St — -pt-it ion rotary switch ( see text). 
Ti -- Audio driser transformer ( see text I. 
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Push-Pull 807 Modulator and Speech Amplifier 

The speech amplifier and modulator shown in 
Fig. 9-18 is capable of modulating a power input 
to the modulated amplifier of approximately 200 
watts when the maximum rated voltage of 750 is 
applied to the 807 dates. The maximum undis-
torted audio power out put is 100 watts at that 
plate voltage, after allowing for losses in the out-
lad transformer. The 807s :we ot wrated as Class 
AI32 amplifiers. 
As shown in Fig. 9-19, the first 

speech amplifier tube is a 68.17, 
with its intuit circuit arranged for 
USt wit ti a crystal microphone. The 
814*(11o1 stage, also a ri sistance-
coupli d voltage amplitps fflvs 

6.15. The third stage, which must 
deliver power to the grids of the 
Class A132 modulator tubes, uses 
a fik6 pent, r, le. Negative feed-back 
js jncorpori toil in this stage as a 
means for improving its output 
voltage regulation and reducing 
distort h in. The 6K6 is coupled to 
the modulator grids through a 
transformer. 

In the modulafiw stage small 
chokes, RECI and RFC2, are con-
nected in the grid leads and 100-
ohm resistors are connected in the 
screen leads to prevent the parasitic 
oscillations that frequently occur 
with 807s. Each screen resistor is 

SP AMP SP AMP 
6SJ7 6J5 

" 
3 

rately by-passed to ground with a mica 
condenser for the saine reason. 
A filament transformer capable of handling all 

tube heaters is included as part of the unit. 
Circuit constants have been selected so that the 

overall frequency response is sufficiently flat in 
the normal range of voice frequencies, but drops 
off above 3000 cycles and below 150 cycles. 

Fig. 9-18— Modulator unit using push-pull 807s with speech amplifier 
designed for crystal -microphone input. It tir. rit a 7 by 17 by 3 steel 
chassis and can be mounted on a standard 8' 4' ineh relay-rack panel. 
The audio power output . ibtainable varies front 50 to 100 watts depend-
ing on the plate soilage • upplied to the 807s. 

Fig. 9-19— Circuit diagram of 

CI, C4 — 10-afd. 25-volt electrolytic. 
C2 — 0.1-afd. 400-% oit paper. 
Ca, C5 — 0.0015-5M. mica. 
Cs -- 50-afd. 50.', oit elect ro4 ti... 
C7, Ca — I0.5ful. 130, ,, It VieetrOlytie. 
Ca. CIO. C12 — 0.002 -“ fil. 
Cit — 680.au f.I. mica. 
RI — 2.2 megoluns, 2 natl. 
112. Rs— 1500 ohms. " 2 matt. 
Ra — 1 megohm. 12 watt. 
114 -- 0.22 megohm, w at t. 
Rs I-megoltm potentiometer, audio taper. 

MOD. 807 

o - o 
+50 -Bias 

Out put 

+B 

the puiuh.ptiii 807 modulator 

117, Its —(1.1 megolun. ' 2 watt. 
It, — 680 ohms, I watt. 
1110 — 0.1 inegol lllll 1 watt. 
Rii - 27.000 ohms, 1 watt. 
1112 — 47,000 ohms, 1 watt. 
1113, 1114 — 100 ohms, 12 watt. 
11FC1„ RFC2— 0.7 microhettry (Ohmite Z-50). 
Jr — Microphone jack. 
— S.p.s.t. switch (part of gain-control assembly). 

Tr — 6.3 volts a.c., 3 amp. 
T2 — Class AB2 driver transformer, single plate to p.p. 

grids. turns ratio 2 to 1. pri. to !.,!2 sec. 
— Output trart:fi.rtner (,.ee text I. 
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The general layout of the unit is shown in 
Figs. 9-18 and 9-20. The metal tube nearest the 
front of the chassis is the 68.17 and the 6J5 is 
toward the rear. The layout is not critical, except 
that it is advisable to keep the filament trans-
former well separated from the low-level stages 
and the input transformer, 7'2. 
To prevent hum pick-up the lead from the 

microphone connector to the grid of the 68.17 
should be sliielded, as should also the grid re-
sistor, Re. A satisfactory shield for the grid re-
sistor may lee made by slipping a short piece of 
spaghetti tubing over the resistor and then eover-
ing the tubing with shield braid. The braid should 
be goninded to the chassis. The leads to the gain 
control, 115, should be made from shielded wire. 
The type of output transformer to use will de-

pend on the modulating impedance of the Class C 
r.f. stage. At maximum ratings the 807s require 

plette-to-plate load of 6950 ohms, so the output 
transformer turns ratio must be selected ac-
cordingly. 

In case the input to the modulated stage is less 
than 200 watts, the 807s may be operated at a 
reduced plate voltage to obtain the necessary 
audio power output. Typical operating con.fitions 
at various plate voltages are given below: 

Plate voltage 400 500 600 750 
Screen voltage 300 300 300 300 
Grid bias —25 —29 —30 — 32 
Plate current, max. 

sig. 240 240 200 240 
Plate current, no sig. 90 72 60 52 
Load resistance 3200 4240 6400 6950 
Power output 55 75 80 120 

volts 
volts 
volts 

ma. 

ohms 
watts 

The output figures given above are tube output 
only, and do not include transformer losses. They 
should lee reduced by about 15 per cent to obtain 
the actual power available for modulating the 
transmitter. For example, with a plate-supply 
voltage of 500 the actual output can be expeeted 
to be about 65 watts, sufficient for modulating 
130 watts input. 
The table above gives the power supply re-

quirements for the 8078 at vatic eels plate voltages. 
Thr fixed bias may be suiniiim by batteries or a 
bias supply such as is described in the chapter on 
power supplies. The screen voltage may be be-

9-20— Bottom view of the push. 
pull 807 modulator. In this it- us the 
microphone connecto,r is at tu,  !iiner 
right, with the gain control just to it-
left. The filament transformer i- u, the 
upper left corner. Ceramic feed-thritugh 
insulators are used to carry the output 
t ran-former c.irittect it in- through t he 

and ,al.rt ir  al.; are used 
f..c tlic high-, oltage il.c. lead and the 
out pot trim- former sltelnallary terminals. 

tween 250 and 300 in the practical case; at 250 
volts somewhat less bias is needed and the driving 
power requited is slightly increased but the power 
output is approximately the sanie. 
The first three stages of the unit may lie oper-

ated from a small power supply giving approxi-
mately 70 nia. at 250 to 300 volts. A suitable cir-
cuit diagram is given in Fig. 9-21. This circuit also 
supplies the fixed bias for the 807 grids, by uti-
lizing the voltage drop between the negative side 
of the high-voltage output and ground through 
the tap on resistier Re. The slider on 112 should be 
adjusted so that the proper bias voltage, as given 
by the table on this page, is obtained. It is ad-
visable to check the 807 screen current, with no 
plate voltage on the 807s, to be sure that the 
rated screen dissipation of 3.5 watts per tube is 
not exneded. It' it is, the bias should lee increased 
to keep the dissipation within rating. This will 
prevent damage to the screens during stand-by 
periods. 
Such a power supply can be incorporated in the 

modulator unit, if desired. The principal precau-
tion to be observed is that the power transformer 
should not be mounted near the low-level stages. 
A slightly deeper chassis may be required. 

L, 

Fig. 9-21 — Power supply for speech-amplifier stages 
of 807  Itilator. The unit also supplics fixed bias for 
the 807 grids. 

8.btfil. electrolytic. 150 stilts. 
Lu — 50-1.tfd. electrolytic, 50 volts. 
1.1 — choke, 3(1 licor s. 75 ma. 
Ru — 15,000 °Inns, 10 natl.. 
H2 — 1000solutt adjustable, 10 watts. 
St — S.p.s.t. toggle. 
Ti — Power transformer, 350 volts each side c.t., 70 

ma.; 5 v. 3 amp.; 6.3 v. 3 amp. 
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Class-B Modulators and Drivers 

• CLASS-B MODULATORS 
Plate modulation of all but low-power trans-

mitters requires so much audio power that the 
Class B amplifier is the only practical type to use. 
(Included in the Class 13 category are high-power 
modulators of the Class AB2 type; whether the 
operation is in one class or the other is principally 
a matter of degree.) 

Class B modulator circuits are practically 
identical no matter what the power output of the 
modulator. The diagrams of Fig. 9-22 therefore 
will serve for any modulator of this type that the 
amateur may elect to build. The triode circuit is 
given at A and the circuit for tetrodes at B. When 
small tubes with indirectly-heated cathodes are 
used, the cathodes should be connected to ground. 

Modulator Tubes 

Class B audio ratings of various types of trans-
mitting tubes are given in the chapter containing 
the tube tables. Choose a pair of tubes that is 
capable of delivering sine-wave audio power equal 
to somewhat more than half the d.c. input to the 
modulated Class C amplifier. It is sometimes 
convenient to use tubes that will operate at the 
saine plate voltage as that applied to the Class C 

DRIVER PLATES 
OR LINE 

AE. 

DRIVER PLATES 
OR LINE 

(B) 

FIL 
TRANS. 

-HY. + SG MOD + RV. 

stage, because one power supply of adequate cur-
rent capacity may then suffice for both stages. 

In estimating the output of the modulator, 
remember that the figures given in the tables are 
for the tube output only, and do not include out-
put-transformer losses. To be adequate for modu-
lating the transmitter, the modulator should have 
a theoretical power capability about 25 per cent 
greater than the actual power needed for modu-
lation. 

Matching to Load 

In giving Class B ratings on power tubes, 
manufacturers specify the plate-to-plate load 
impedance into which the tubes must operate to 
deliver the rated audio power output. This load 
impedance seldom is the same as the modulating 
impedance of the Class C r.f. stage, so a match 
must be brought about by adjusting the turns 
ratio of the coupling transformer. The required 
turns ratio, primary to secondary, is 

N = 
Z. 

TO MPOLDÀ÷.t e 

1 

+RV. FOR 
MOD. AMP. 

TO MOD AMP 
PIATE 

2    

Ca 
•1 

+i-: v. FOR 
1400. AMP. 

Fig. 9-22— Clas,; B modulator circuit diagrams. Tubes 
and circuit considerations are discussed in the text. 

where N = Turns ratio, primary to secondary 
Z. -= Modulating impedance of Class C 

r.f. amplifier 

Zp = Plate-to-plate load impedance for 
Class B tubes 

Example: The modulated r.f. amplifier is to 
operate at 1250 volts and 250 ma. The power 
input is 

P=EI = 1250 X 0.25 = 312 watts 

so the modulating power required is 312/2 = 
156 watts. Increasing this by 25 to allow for 
losses and a reasonable operating margin gives 
156 X 1.25 = 19.5 watts. The modulating im-
pedance of the Class C stag,. is 

E 1250 
— = — = 5000 ohms. 
/ 0.25 

From the tube tables a pair of Class B tubes is 
selected that will give 200 watts output when 
working into a 6900-olun load, plate-to-plate. 
The primary-to-secondary turns ratio of the 
modulation transformer therefore should be 

N = = V1.38 = 1.175:1. 
Z., 5000 

The required transformer ratios for the 
ordinary range of impedances are shown 
graphically in Fig. 9-23. 

Commerical Class B output transformers 
usually are rated to work between specified 
primary and secondary impedances and 
frequently are designed for specific Class B 
tubes. In such a case, it will be unnecessary 
to calculate the turns ratio when the recom-
mended tube combination is used. Many 
transformers are provided with primary and 
secondary taps, so that various turns ratios 
can be obtained to meet the requirements of 
various tube combinations. 
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Fig. 9-23 — Transformer ratios for matching a Class C 
modulating impedance to the required plate-to-plate 
load for the Class B modulator. The ratios given on the 
curves are from total primary to secondary. Resistance 
values are in kilohms. 

It may be that the exact turns ratio required 
by a particular tube combination cannot be se-
cured, even with a tapped modulation trans-
former. Smull departures from the proper turns 
ratio will have no serious effect if the modulator 
is operating well within its capabilities; if the 
actual turns ratio is within 10 per cent of the 
ideal value the system will operate satisfactorily. 
Where the discrepancy is larger, it is always pos-
sible to choose a new set of operating conditions 
for the Class C stage to give a modulating im-
pedance that can be matched by the turns ratio 
of the available ti•ansformer. This may require 
opera ting t lit Class C amplifier at higher voltage 
and less plate current, if the modulating imped-
ance must be increased, or at lower voltage and 
higher current if the modelling impedance must 
be ileemised. However, this process cannot be 
carried too far without exceeding the ratings of 
the Class C tubes for either plate voltage or cur-
rent, even though the power input is kept at the 
sanie figure. In such a case the only solution is to 
operate at reduced input and use less of the power 
available from the modulator. 

Suppressing Audio Harmonics 

Distortion in either the driver or Class B modu-
lator will cause a. f. harmonies that may lie Out-
sit le the frequency band needed for intelligible 
slwech transmissiim. While it is almost impossible 
to avoid some distortion, it is possible to cut 
down the amplitude of the higher-frequency 
harmonies. 
The purpose of condensers eland C2 across the 

primary and secondary, respectively, of the Class 
B output transformer in Fig. 9-22 is to reduce the 
strength of harmonics and unnecessary high-
frequency components existing in the modulation. 
The condensers act with the leakage influctanee 
of the transformer winding to form a rudimentary 

low-pass filter. The values of capacitance required 
will depend on the load resistance (modulating 
impedance of the Class C amplifier) and the 
leakage inductance of the particular transformer 
used. In general, capacitances between about 
0.001 and 0.01 dd. will be required; the larger 
values are necessary with the lower values of load 
resistance. A test set-up for measuring frequency 
response (described in a later section in this chap-
ter) will quickly show the optimum values to use, 
if a small assortment of condensers is on hand for 
experimenting. The object is to find the combina-
tion of CI and C2 that will give the most rapid 
reduction in response as the signal frequency is 
raised above about 2500 cycles. 
The voltage rating of each condenser should 

at least lw equal to the d.c. voltage at the trans-
former winding with which it is assoeieed. In 
the ease of C2, part of the total capacitance re-
quired usually is supplied by the plate by-pass or 
blocking condenser of the modulated amplifier, 
so C2 need only be large enough to make up the 
difference. 
A still better arrangement is to use a low-pass 

filter as shown in Fig. 9-9, even though clipping 
is not deliberately employed. The method de-
scribed above may be used for checking the 
performance of the filter. 

Grid Bias 

Many modern transmitting tubes designed for 
Class B audio work can be operated without grid 
bias. Besides eliminating the need for a grid-bias 
supply, this reduces the variation in grid imped-
ance over the audio-frequency cycle and thus 
gives the driver a more constant load into which 
to work. With these tubes, the grid return lead 
from the center-tap of the driver transformer 
secomlary is simply connected to the filament 
center-tap or cathode. 
When the tubes require bias, it should always 

be supplied from a fixed voltage souree. Neither 
cathode bias nor grid-leak bias can be useil wit h 
a Class B amplifier; with both types the bias 
changes with the amplitude of the signal voltage, 
when.as proper operation demands that the bias 
voltage l it. unvarying no mat t er what the st ri ngt h 
of the signal. When only a small amount of bias is 
required it can be obtained einiveniently from a 
few dry cells. When greater values of bias are re-
quired, a heavy-duty " B" battery may be used 
if the grid current does not exceed 40 or 50 milli-
amperes on voice peaks. Even though the bat-
teries are charged by the grid current rather than 
discharged, a battc;ry will deteriorate with time 
and its intermit l resistance will increase. When the 
inerease in internal resistance becomes appre-
ciable, the battery tends to act like a grid-leak 
resistor and the bias varies with the applied sig-
nal. Batteries should be checked with a voltmeter 
occasionally while the amplifier is operating. If 
the bias varies more than 10 per cent or so with 
voice excitation the battery should be replaced. 

As an alternative to batteries, a regulated bias 
supply may be used. This type of supply is de-
scribed in the power supply chapter. 
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Plate Supply 

The plate supply for a Class B modulator 
should he sufficiently well filtered to prevent hum 
modulation of the r.f. stage. An additional re-
quirement is that the output condenser of the 
supply should have low reactance, at 100 cycles 
ot. less, eompared with the load into which each 
tube is working. A -1-µf(I. output condenser with 
a 1000-volt supply, or a 2-mfd. condenser with a 
2000-volt supply, usually will he satisfactory. 
With other plate voltages, condenser values 
should be in inverse proportion to the plate 
voltage. 
To keep distortion at a minimum, the voltage 

regulation of the plate supply should be as good 
as it can be made. If the d.c. output voltage of 
the supply varies with the amount of current 
taken, it should be kept in mind that the voltage 
at maximum current determines the amount of 
power that can be taken from the modulator 
without distortion. A supply whose voltage drops 
from 1500 at no load to 1250 at the full modulator 
plate current is a 1250-volt supply, so far as the 
modulator is eoncerned, and any estimate of the 
power output available should be based on the 
lower figure. 

It is particularly important, in the case of a 
tetrode Class B stage, that the screen-voltage 
power-supply source have excellent regulation, to 
prevent distortion. The screen voltage should be 
si.t as exactly as possible ti) the recommended 
value for the tube. The audio imidedance between 
screen and cathode also must Is' hnv. 

Overexcitation 

When a Class B amplifier is overdriven in an 
attempt to secure more than the rated power, 
distortion increases rapidly. The high-frequenry 
harmonies which result from the distortion modu-
late the transmitter, producing spurious side-
bands which can cause serious interference over a 

• 

Fig. 9-24 — A typical chassis layout 
for a Class It modulator. Beyond ade-
quate Mode  for the voltages 
used, and sufficient ventilation for 
the modulator tubes, no partieular 
construct' al precautions are twee,. 
sary. If the sit..., of the emnisinents 
niakes it neer--ary to use inure than 
one chas-is, the driver transformer 
may wit Ii the 
amplifier. in ca,i, it is advisable 
to shield the "hot" audio leads to the 
modulator grids if they have to run 
any considerable distance. 

• 

band of frequencies several times the channel 
width required for speech. This will happen, even 
though the transmitter is not living overmodu-
lated, if the modulator is incapable of delivering 
the power required to modulate the transmitter 
fully, or if the Class C amplifier is not adjusted 
to give the proper modulating impedanee. 
As stated earlier, such a condition may be 

reached by deliberate design, in case the modu-
lator is to be adjusted for peak clipping. But 
whether it, happens by accident or intention, the 
splatter and spurious sidb.bands can be elimi-
nated by inserting a low-pass filter ( Fig. 9-9) be-
t ‘N t lit mielulator awl the modulated ampli-
fier, niel then taking rare to see that the actual 
modulation of the r.f, amplifier does not exceed 
100 per cent. 

Operation Without Load 

Excitation should never be applied to a Class B 
modulator until after the Class C amplifier is 
turned on and is drawing the value of plate cur-
rent required to present the rated load to the 
modulator. With no load to absorb the power, the 
primary impedance of the transformer rises to a 
high value and excessive audio voltages are de-
veloped across it — frequently high enough to 
break down the transformer insulation. If the 
modulator is to be tested separately from the 
transmitter, a resistance of the same value as the 
modulating impedance, and capable of dissipat big 
the full power output of the modulator, should' be 
connecte s a rOSS the transformer sevonilary. 

• DRIVERS FOR CLASS-B 
MODULATORS 

Class B amplifiers are driven into the grid-
current region, so power is consumed in the grid 
circuit. The preceding stage or driver must be 
c:dpable of supplying this power at the required 
peak audio-frequency grid- ti -grid voltage. Both 
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of these quantities are given in the manufac-
turer's tube ratings. The grids of the Class B 
tubes represent a variable load resistance over the 
audio-frequency cycle, because t he grid current 
does not increase directly with the grid voltage. 
To prevent distortion, therefore, it is necessary to 
have a driving source that will maintain the 
waveform of the signal without distortion even 
though the load varies. That is, the driver stage 
must have good regulation. To this end, it should 
lw capable of delivering somewhat more power 
than is consumed by the Class B grids, as pre-
viously described in the diseussion on speech 
amplifiers. It is also (It's! r: I de to use an input 
coupling transformer having a turns ratio giving 
the largest step-down in the voltage between the 
driver plate or plates and the Class B grids that 
will permit obtaining the specified grid-to-grid 
a.f. voltage. 
The driver transformer, T or 7'2 in Fig. 9-25, 

may couple directly between the driver tube and 
the modulator grids or may be designed to work 
into a low-impedance (200- or 500-ohm) line. In 
the latter case, a tube-to-line output transformer 
must be used at the output of the driver stage. 
This type of coupling is recommended only when 
the driver must be at a considerable distance 

+8 

+8 

(A) 

(6) 

[Cal -8 
8/as j 
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+6 

Fig. 9-25 — Triode driver circuits for Class B modulators. A, resistance 
coupling to grids; B, transformer coupling. RI in A is the plate resistor 
for the preceding stage, value determined by the type of tube and operat-
ing conditions as given in Table 9-1. CI and R2 are the coupling condenser 
and grid resistor, respectively; values also may be taken from Table 9-1. 

In both circuits the output transformer, T, T2, should have the proper 
turns ratio to couple between the driver tubes and the Class 13 grids. 
T1 in 11 is usually a 2:1 transformer, secondary to primary. R, the cathode 
resistor, should he calculated for the particular tubes tuscul. The value of 
C, the cathode by-pass, is determined as described in the text. 

from the modulator; the second t ransformer not 
only introduces additional losses but also impairs 
the voltage regulation of the driver stage. 

Driver Tubes 

The variation in grid resistance of a Class B 
amplifier over the audio-frequency cycle poses a 
special problem in the driver stage. To avoid dis-
tortion, the driver output voltage (not power) 
must stay constant ( for a fixed signal voltage 
on its grid) regardless of the variations in load 
resistanee. 
The fundamental requirement for good voltage 

regulation in any electrical generator is that the 
internal resistance must be low. In a vacuum-
tube amplifier, this means that the tubes must 
have a low value of plate resistance. The best 
tubes in this respect are low-is triodes — the 
6B4G is an example — and the worst are tetrodes 
and pentodes as represented by the 6V6 and 
6L6. This does not mean t hat tetrodes or pen-
todes cannot be use( l, hut it ( loes mean that they 
should not be used without taking measures to 
reduce the effective plate resistance (see next 
section). 

In selecting a driver stage always choose Class 
A or ABI operation in preference to Class AB2. 

This not only simplifies the speech-
amplifier design but also makes it 
easier to apply negative feed-back 
to tetrodes for reduction of plate 
resistance. It is possible to obtain 
a tube power output of approxi-
mately 25 watts from 6L6s without 
going beyond Class A131 operation; 
this is ample driving power for the 
popular Class B modulator tubes, 
even when a kilowatt transmitter 
is to be modulated. 
The rated tube output as shown 

by the tube tables should be re-
duced by about 20 per cent to 
allow for losses in the Class B input 
transformer. If two transformers 
are used, tube-to-line and line-to-
grids, allow about 35 per cent for 
transformer losses. Another 25 per 
cent should be allowed, if possible, 
as a safety factor and to improve 
the voltage regulation. 

Fig. 9-25 shows representative 
circuits for a push-pull triode driver 
using cathode bias. If the amplifier 
operates Class A, the cathode re-
sistor need not be by-passed, be-
cause the a.f. currents from each 
tube flowing in the cathode resistor 
are out of phase and cancel each 
other. However, in Class AB opera-
tion this is not true; considerable 
distortion will be generated at high 
signal levels if the cathode resistor 
is not by-passed. The by-pass capac-
itance required can be calculated 
by a simple rule: the cathode 
resistance in ohms multiplied by 
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(A) 

(B) 
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Fig. 9-26— Negative feed-back circuits for drivers for Class B 
modulatois. A — Single-ended beam-tetrode driver. If VI and 1-2 
are a 6J5 and 6V6, respectively, the following values are suggested: 
Ri, 47,000 ohms: R2, 0.47 megohm; Ra, 250 ohms; R4, R5. 22,000 
ohms; Ci, 0.01 ufil.; C2, 50 ufd. 
B — Push-pull beam-tetrode driver. If I-I is a 6J5 and 1.2 and i 

6L6s, the following values -are suggested: Ri, 0.1 megolim; R21 
22,000 ohms; 11/4  250 ohms; Ci, 0.1 ,ifd.; C2, 100 ufd. 

the by-pass capacitance in microfarads should 
equal at least 25,000. The voltage rating of the 
condenser should be equal to the maximum bias 
voltage. This can be found from the maximum-
signal plate current and the cathode resistance. 

Example: A pair of 6B4Gs is to be used in 
Class AIL self-biased. From the tube tables, the 
cathode resistance should be 780 ohms and the 
maximum-signal plate current 120 nia. From 
Ohm's Law, 

E RI = 780 X 0.12 = 93.6 volts 
From the rule mentioned previously, the by-pass 
capacitance required is 

C = 25,000/R = 25,000/780 = 32 pfd. 

A 40- or 50-dd. 100-volt electiolytic condenser 
would be satisfactory. 

Negative Feed- Back 

Whenever tetrodes or pentodes are 
used as drivers for Class B modulators, 
negative feed-back should be used in 
the driver stage. This will reduce the 
distortion caused by the variable load 
resistance represented by the Class B 
grids. It also reduces the distortion 
inherent in the driver stage itself, when 
properly applied. The effect of feed-back 
is to reduce the apparent plate resistance 
of the driver, and this in turn helps to 
maintain the a.f. output voltage at a 
more constant level (for a constant 
signal on the grid) when the load 
resistance varies. It is readily possible 
to reduce the plate resistance to a value 

.7)3. 

.42 
1. 

;2 

comparable with or lower than that of 
low-es triodes such as the 2A3 or 6B4G. 

Suitable circuits for single-ended and 
push-pull tetrodes are shown in Fig. 
9-26. Fig. 9-26A shows resistance cou-
pling between the preceding stage and 
a single tetrode, such as the 6V6, that 
operates at the same plate voltage as 
the preceding stage. Part of the a.f. 
voltage across the primary of the out-
put transformer is fed back to the grid 
of the tetrode, It2, through the plate 
resistor of the preceding tube, VI. The 
total resistance of R4 and R5 in series 
should be ten or more times the rated 
load resistance of V2. Instead of the 
voltage divider, a tap on the transformer 
primary can be used to supply the feed-
back voltage, if such a tap is available. 
The amount of feed-back voltage 

that appears at the grid of tube V2 is 
determined by RI, R2 and the plate 
resistance of 171, as well as by the rela-
tionship between R4 and R5. Circuit 
values for a typical tube combination 
are given in detail in Fig. 9-26. 
The push-pull circuit in Fig. 9-26B 

requires an audio transformer with a 
split secondary. The feed-back voltage 
is obtained from the plate of each out-
put tube by means of the voltage di-
vider, RI,R2. The blocking condenser, 
C1, prevents the d.c. plate voltage from 

being applied to RiR2; the reactance of this con-
denser should be low, compared with the sum of 
R1 and R2, at the lowest audio frequency to be 
amplified. Also, the sum of RI and RD should be 
high (ten times or more) compared with the rated 
load resistance for V2 and 173. 

In this circuit the feed-back voltage that is 
developed across R2 appears at the grid of V2 
(or V3) through the transformer secondary and 
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Fig. 9.27 — Output voltage regulation of two types of beam-tetrode 
drivers with negative feed-back. For comparison, the regulation 
with a pair of 2A3s (no feed-back) also is shown. 
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Fig. 9-28 — Circuit diagram of speech amplifier using 61.6s with negative 
feed-back, suitable for driving Class 11 modulators up to 500 watts output. 

C1, Cs, C. 29.4dd. 25-volt eleetrolytic. 
Cur 0.1-afil. 400-soit paper. 

Ca, Cs — 0.01-4,61. 600-volt paper. 
C4, C7, Ci2 — 10-afd. 450-volt electrolytic. 
Cii — 100-gfil. 50-volt eleetrol, 
lit — 2.2 inegoluns, 12 %, att. 
112, R7 — 17,00 011111., 12 su att. 
lia — 1.5 megolims, 1...? matt. 
li4 — 0.22 megohm. I matt. 
Its, Ils — 47,000 1/11M,, watt. 
lie — 1-megolim vol control. 

grid-cathode circuit of the tube, provided the 
tubes are not driven to grid current. If the grid-
cathode impedance of the tubes is relatively low, 
as it is when grid current flows, the feed-back 
voltage decreases because of the voltage drop 
through the transformer secondary. The circuit 
should not be used with tubes that are operated 
Class A132. The per cent feed-back is 

R2  
n — X 100 

R2 

where n is the feed-back percentage, and fl I and 
R2 are connected as shown in the diagram. The 
higher the feed-back percentage, the lower the 
effective plate resistance. However, if the per-
centage is made too high the preceding tube, 
may not be able to develop enough voltage, 
through T1, to drive the push-pull stage to maxi-
mum output without itself generating harmonic 
distortion. Distortion in VI is not compensated 
for by the feed-back circuit. 

If 1'2 and V3 are 61.6s operated self-biased in 
Class AB' with a load resistance of 9000 ohms, 
VI is a 6J5, and 7'1 has a turns ratio of 2-to- 1, 
total secondary to primary, it is possible to use 
over 30 per cent feed-back without going beyond 
the output-voltage capabilities of the 6J5. Twenty 
per cent feed-back will reduce the effective plate 
resistance to the point where the output voltage 
regulation is better than that of 6B4Gs or 2A3s 
without feed-back. 

Instead of the voltage-divider arrangement 
shown in Fig. 9-25B for obtaining feed-back 
voltage, a separate winding on the output trans-
former can be used, provided it has the proper 

}Output 

li9 — 0.47 megolun, 12" watt. 
Rio — 1500 ohnis, I watt. 
Ifui — 10,000 ohm.. 2 watt. 
1112, liia — 0.1 megolun. 1 watt. 
1114, Ris — 22,000 '.; matt. 
Ra — 25)) ohms. 10 s, at t, 
1117 — 2000 011111,, 10 watt:. 

Interstage audio. 2:1 secondary (total) to pri-
mary, mith split seeondary Winding. 

T2 — Class El input transformer to suit modulatiir 
tubes. 

number of turns to give the desired feed-hark 
percentage. S1 erial transformers are available for 
this purpose. 
The improvement in constancy of output volt-

age resulting from the use of negative feed-back 
is shown graphically in Fig. 9-27. In order to 
compare the various types of tubes, the variation 
in output voltage is shown as a percentage of the 
output voltage when the tubes are working into 
the rated load. The load resistance also is ex-
pressed as a percentage of the rated load resist-
ance for the particular tube, or pair of tithes, 
used. 

• SPEECH-AMPLIFIER CIRCUIT WITH 

NEGATIVE FEED-BACK 

.\ 'i cuit for a speech amplifier suitable for 
driving a Class B modulat or is given in Fig. 9-28. 
In this amplifier the 61,6s are operated Class 
ABI and will deliver up to 20 watts to the grids 
of the Class B amplifier. The feed-hack circuit re-
quires no adjustment, but does require an bite> 
stage transformer with two separate secondary 
windings (split secondary). 

This amplifier may be constructed along the 
same lines as in Fig. 9-13, observing the same 
precautions with respect to shielding the 6S.I7 
grid circuit. The power output is the same as 
from the circuit of Fig. 9-16. 
The output transformer, T2, should be selected 

to work between a 9000-ohm plate-to-plate load 
and the grids of whatever Class B tubes will be 
used. The power-supply requirements for this 
amplifier are essentially the same as for the am-
plifier of Fig. 9-I Ii. 
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Checking 'Phone-Transmitter Operation 

e SPEECH EQUIPMENT 
Every 'phone transmitter requires checking 

before it is initially put on the air. An adequate 
jolt can be done with equipment that is neither 
elaborate nor expensive. A simple set-up is shown 
in Fig. 9-29. The only equipment that is not 
likely to be already at. hanil is the audio oscil-
lator., the vonstruction of which is ilesoribed in 
the ehapter on measurements. The voltmeter — 
one that operates at audio frequencies is !woes-
sary - - can hip eit her a vacuum-tube vitlt meter or 
a multirange volt-ithm-milliammeter that has a 
rectifier-tylie a.r. range. The headset is included 
for aural checking of the amplifier performance. 
The audio oscillator usually will have an out-

put vont rol, but if the maximum output voltage 
is in excess of a volt or so the output setting may 
be rather critical when a high-gain speech ampli-
fier is being tested. In such cases : III attellUatOr 
such as is shown in Fig. 9-29 is a convenience. 
Earl' of the two voltage dividers reduces the 
voltage by a factor of roughly 10 to I, so that the 
over-all a.ttenuation is altoui 100 to 1. Th, rela-
tively low value of resistance, RA, across the input 
terminals of the amplifier also will minimize stray 
hunt pick-up on the connecting leads. 

Al I LNUAIOR 

In. i_I •-ienple test set-up for checking a speech amplifier. 
The .uulio-o,cillator frequency range ,hould be fr  about MO 
to SINS) or more eveles. It is not neve--ary that it be continu-
ously t :triable: a Mindwr of -spot- frequeimie, nil he ,aii-fac-
tory. Suitable re,i-tor n.dues are: Ri and fl . 10.000 ohni-: 112 
and R4, 1000 ohm-. R., rated load resi,tance for amplifier 
output( stage: R. deterillille by trial for conifortable headp  
level (25 to Inn ohms, ordinarily.). I" is a high-resistance a.c  
voltmeter,  Itirange rectifier type. 

As a preliminary check, rover the microphone 
input terminals with a metal shield (with the 
audio oscillator and attenuator disconnected) 
and, while listening in the headset, note the hum 
level with the amplifier gain ('ont rol in the off 
position. Th, lutin should be very low under 
these vonditions. Then increase the gain-control 
setting to maximum and observe the hum; it will 
no doubt iii triase. Next connect the audio oscil-
lator and at t enuat or and, starting from minimum 
signa I, incri.ase the ant ho input voltage until the 
voltmeter indivates full power output. (The volt-
age should equal -./PR, where P is the expected 
power output in watts and R is the load resistance 
— RA in the diagram.) While increasing the input, 
listen carefully to the tone to see if there is any 
change in its character. When it begins to sound 
like a niusival octave instead of a single tone, 
distort in nit i, beginning. Assuming that the output 
is substantially wit bout audible distortion at full 

output., substitute the microphone for the audio 
oscillator and speak into it in a Normal tone while 
watching the voltmeter. Reduce the gain-control 
setting until the meter " kicks" nearly up to the 
full-power reading on voice peaks. Note the hum 
level, as read on the voltmeter, at this point; the 
hum level should not exceed one or two per cent 
of the voltage at full output. 

If the hum level is too high, the amplifier stage 
that is causing the trouble can be located by 
temporarily short-circuiting the grid of each tube, 
in turn, to ground. When shorting a particular 
grid makes a marked decrease in hum, the hum 
presumably is coming from a preceding stage, 
although it is possible that it is getting its start 
in that particular grid circuit. If shorting a grid 
does not decrease the hum, the hum is originating 
either in the plate circui t of that tube or the grid 
circuit of the next. Aside from wiring errors, a 
defective tube, or inadequate plate-supply filter-
ing, objectionable hum usually originates in the 
first stage of the amplifier. 

If distortion occurs below the point at which 
the expected power output is secured, the stage 
in which it is occurring can be located by working 
from the last stage toward the front end of the 
amplifier, applying a signal to each grid in turn 

from the audio oscillator and adjusting the 
signal voltage for maximum output. In the 
case of push-pull stages, the signal may be 
applied to the primary of the interstage 
transformer — after disconnecting it from 
the plate-voltage source. Assuming that 
normal design principles have been fol-
lowed and that all stages are theoretically 
working within their capabilities, the prob-
able causes of distortion are wiring errors 
(such as tweidental short-circuit of a cath-
ode resistor), defective components, or use 
of wrong values of resistance in cathode 
and plate circuits. 

Using the Oscilloscope 

Speech-amplifier checking is facilitated 
considerably if an oscilloscope of the type having 
amplifiers and a linear sweep circuit is available. 
A typical set-up for using the oscilloscope is shown 
in Fig. 9-30. With the connections shown, the 
sweep circuit is not required but horizontal and 
vertical amplifiers are necessary. Audio voltage 
from the oscillator is fed directly to one oscillo-
scope amplifier (horizontal in this case) and the 
output of the speech amplifier is connected to the 
other. The 'scope amplifier gains should be ad-
justed so that each signal gives the same line 
length with the other signal shut off. 
Under these conditions, when the input and 

output signals are applied simultaneously they 
are compared directly. If the speech amplifier is 
distortion-free and introduces no phase shift, the 
resulting pattern is simply a straight line, as 
shown at the upper left in Fig. 9-31, making an 
angle of about .15 degrees with the horizontal and 
vertical axes. If there is no distortion but, there 
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is some phase shift, the pattern will be a smooth 
ellipse, as shown at the upper right. The greater 
the phase shift the greater the tendency of the 
ellipse to grow into a circle. When there is even-
harmonic distortion in the amplifier one end of 
the line or ellipse becomes curved, as shown in 
the second row in Fig. 9-31. With odd-harmonie 
distortion such as is characteristic of overdriven 
push-pull stages, the line or ellipse is curved at 
both ends. 

Patterns such as these will be obtained when 
the input signal is a fairly good sine wave. They 
will tend to become complicated if the input 
waveform is complex and the speech amplifier 
introduces appreciable phase shifts. It is there-
fore advisable to test for distortion with an input 
signal that is as nearly as possible a sine wave. 
Also, it is best to use a frequency in the 500-1000 
cycle range, since improper phase shift in the 
amplifier is usually least in this region. Phase 
shift in itself is not of great importance in an 
audio amplifier of ordinary design because it does 
not change the character of speech so far as the 
ear is concerned. However, if a complex signal is 
used for testing, phase shift may make it difficult 
to detect distortion in the oscilloscope pattern. 

In amplifiers having negative feed-back, ex-
cessive phase shift within the feed-back loop may 
cause self-oscillation, since the signal fed back 
may arrive at the grid in phase with the applied 
signal voltage instead of out of phase with it. 
Such a phase shift is most likely to be associated 
with the output transformer. Oscillation usually 
occurs at some frequency above 10,000 cycles, 
although occasionally it will occur at a very low 
frequency. If the pass-band in the stage in which 
the phase shift occurs is deliberately restricted to 
the optimum voice range, as described earlier, the 
gain at both very high and very low frequencies 
will be so low that self-oscillation is very un-
likely, even with large amounts of feed-back. 

Generally speaking, it is easier to detect small 
amounts of distortion with the type of pattern 
shown in Fig. 9-31 than it is with the waveform 
pattern obtained by feeding the output signal to 
the vertical plates and making use of the linear 
sweep in the 'scope. This is because it is quite 
easy to determine whether or not a line is straight, 
but not so easy to decide whether a pattern dis-
played by the sweep circuits meets given specifi-
cations. 

However, the waveform pattern can be used 
satisfactorily if the signal from the audio oscilla-

o-•-.-o  
AUDIO ATTEND 
OSC. ATOR 
or o   

SPEECH 
AMP 

o  

  v HI  
OSCILLOSCOPE 

o o 

Fig. 9-30 — Test set-up using the oscilloscope to check 
for distortion. These connections will result in the type 
of pattern shown in Fig. 9-31, the horizontal sweep being 
provided by the audio input signal. For was eform pat-
terns, omit the connection between the audio oscillator 
and the horizontal amplifier in the 'scope, and use the 
horizontal linear sweep, 

No PHASE- SHIFT 

NO 

AMPLITUDE 

DISTORTION 

EVEN-

HARMONIC 

DISTORTION 

ODD-
HARMONIC 

DISTORTION 

CHAPTER 9 

SMALL PHASE-SHIFT 

Fig. 9-31 — Typical patterns obtained with the lllll er-
tions shown in Fig. 9-30. Depending on the number of 
stages in the amplifier, the pattern may slope upward 
to the right. shown, or upward to the left. Also, de-
pending on where the distortion originates, the curva-
ture in the second row may appear either at the top of 
bottom of the line or ellipse. 

tor is a reasonably good sine wave. One simple 
method is to examine the output of the oscillator 
alone and trace the pattern on a sheet of trans-
parent paper. The pattern given by the output 
of the amplifier can then be compared with the 
"standard" pattern by adjusting the oscilloscope 
gain to make the two patterns coincide as closely 
as possible. The pattern discrepancies are a meas-
ure of the distortion. 

In using the oscilloscope care must be taken to 
avoid introducing hum voltages that will upset 
the measurements. Hum pick-up on the 'scope 
leads or other exposed parts such as the amplifier 
load resistor or the voltmeter can be detected by 
shutting off the audio oscillator and speech am-
plifier and connecting first one and then the other 
to the vertical plates of the 'scope, setting the 
internal horizontal sweep to an appropriate 
width. The trace should be a straight horizontal 
line when the vertical gain control is set at the 
position used in the actual measurements. ‘Vavi-
ness in the line indicates hum. If the hum is not 
in the 'scope itself (check by disconnecting the 
leads at the instrument) make sure that there is 
a good ground connection on all the equipment 
and, if necessary, shield the hot leads. 
The oscilloscope can be use:l to good advantage 

in stage-by-stage testing to check waveforms at 
the grid and plate of each stage and thus to de-
termine rapidly where a source of trouble may be 
located. When the 'scope is connected to circuits 
that are not at ground potential for d.c., a con-
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denser of about 0.1 ¡dd. should be connected in 
series with the hot oscilloscope lead. The probe 
lead should be shielded so that it will not pick up 
hum. 

• CLASS-B MODULATORS 

Once the speech amplifier is in satisfactory 
working condition, the Class B modulator can be 
checked by similar means. A simple circuit is 
shown in Fig. 9-32. The resistance of Rt should 
be equal to the modulating impedance of the 
Class C amplifier to be modulated, and the re-
sistor should have a power rating equal to the 
rated power output of the modulator. Calculate 
the voltage to be expected across 21 at full out-
put; if it exceeds the range of the meter the meter 
inay be connected across say half or one-fourth of 
RI and the readings multipliel I by 2 or 4, respec-
tively. Only a few ohms will be needed at R., in 
the average case, to give a good signal in the 
headphones. As a safety precaution, ground the 
output terminal to which the headphones are 
connected and use a resistor at R. that has ample 
current-carrying capacity. 
Hum will seldom be a problem in the modu-

lator. Distortion may be checked as described 
previously; the oscilloscope is excellent for this 
purpose. If a variable-frequency audio oscillator 

is used, a check on the frequency response of the 
over-all system can be obtained by varying the 
oscillator frequency (check its output voltage at 
each frequency change) and observing the varia-
tion in the modulator output voltage. The high-
frequency response of the system can be at-
tenuated by trying condensers of various values 
across the primary and secondary of the output 
transformer, as pointed out in the discussion on 

From 
Speech 
Amp 

To 
Oscilloscope 

Fig. 9-32 — Set-up for checking a Class D modulator. 

Class B modulators. The object is to reduce the 
response above 3000 cycles to a low value as com-
pared with the response in the 200- to 2500-cycle 
region, so that the channel occupied by the trans-
mitter will not be excessive. A simple method of 
adjustment is to apply an audio tone of about 
1500 cycles and increase its amplitude until dis-
tortion becomes noticeable; when this occurs the 
tone is no longer pure but sounds like a musical 
octave. The condenser values should then be 
adjusted until the test tone sounds pure again at 
the same signal amplitude. 



CHAPTER 10 

Amplitude Modulation 
The type of modulation most commonly em-

ployed in amateur radiotelephony is called am-
plitude modulation (AM). The name arises from 
the fact that the methods of generating a modu-
lated wave of a particular type MI accomplish 
the desired result by varying the instantaneous 
amplitude of the r.f. output of the transmitter. 
As described in the chapter on circuit funda-
mentaLs, the process of modulating a signal sets 
up groups of frequencies called sidebands, these 
sidebands appearing both above and below the 
frequency of the unmodulated signal or carrier. 
An amplitude-modulated signal actually con-
sists of a carrier which does no/ vary in amplitude 
plus sets of side frequencies or sidebands which 
in turn may or may not vary in amplitude. 
Modulation by a single-frequency, constant-
amplitude tone, for example, sets up side fre-
quencies that do not vary in amplitude. Modu-
lation by voice sets up bands of side frequencies 
that do vary with the amplitude of the speech. 

Amplitude modulation is frequently described 
as a process of " varying the amplitude of the 
carrier". A variation in amplitude does take 
place, when the composite signal as a whole is 
viewed in a circuit that accepts equally well all 
frequencies, carrier and sidebands, containml in 
the signal. The total r.f. output amplitude varies 
at the modulation-frequency rate because it is 
the resultant of the instantaneous amplitudes of 
the carrier and all side frequencies, which con-
tinually vary (at radio frequency) in both ampli-
tude and phase relationships. Misunderstanding 
often occurs because commonly no distinction is 
made between the carrier, which does not vary 
in amplitude at modulation frequency, and the 
signal as a whole, which does vary in amplitude 
with modulation. In this chapter the term 
"signal" is used for the composite effect of 
carrier plus sidebands. 

It is illuminating to consider amplitude modu-
lation as a process of frequency conversion or 
mixing, in which case the relationship between 
the carrier, modulating frequencies, and side-
bands is straightforward (see chapter on funda-
mentals). The amplitude variations in the signal 
arise as a result of the mixing process. These 
amplitude variations are highly important from 
a design standpoint, since they set up certain 
power requirements that must be met, so they 
are considered in detail in this chapter. 

AM Sidebands and Channel Width 

As described in the chapter on fundamentals, 
combining or mixing two frequencies in an ap-
propriate circuit gives rise to sum and difference 
frequencies. Speech can be electrically repro-
duced, with high intelligibility, in a band of fre-

quencies lying Iwtween approximately 100 ai al 
3000 cycles. When t hese frequencies are combined 
with a radio-frequency carrier, the sidebands 
occupy the frequeney spectrum from about 3000 
cycles below t he earrier frequeney to 3000 cycles 
above — a 1( 41:11 hand or " channel" of about 
6 kilocycles. Actual speech frequencies extend 
up to 10,000 cycles or so, so it is possible to oc-
cupy a 20-kv. channel if no provision is made for 
reducing its width. For communication purposes 
such a channel width represents a waste of val-
uable spectrum spaee, since i 6-kv. channel is 
fully adequate for intelligibility. Occupying mom 
than the minimum channel creates unnecessary 
interfermwe, so speech equipment and transmitter 
adjustment and operation should he pointed 
toward nutintaining the channel width at the 
minimum. 

• THE MODULATED SIGNAL 
in Fig. 10-1, tit, drawing al A sIinv 11w un-

modulated r.f. signa I, assumed to be a sine wave 
of the desired radio frequency. The graph can be 
taken to represent either voltage or current. 

In B, the signal is assumed to be modulated by 
tue audio-frequency shown in the small drawing 
al )ove. This frequency is mueli linver than the 
carrier frequency, a necessary condition for plod 
modulation, and always the case in radiotele-
phony because the audio frequencies used are 
very low compared with the radio frequency of 
the carrier. When the modulating voltage is 
"positive" (above its axis) the signal amphi tale 
is increased above its unmodulated amplitude; 
when the modulating voltage is " negative" the 
signal amplitude is decreased. Thus the signal 
gro /Ws larger and smaller with the polarity and 
amplitude of the modulating voltage. 

The ‘ Irawings at C shows What happens with 
stronger modulation. The amplitude is doubled 
at the instant the modulating voltage reaches its 
positive peak. On the negat ive peak of the modu-
lating voltage the amplitude just reaches zero; 
in other wfflls, the signal is eompletely modu-
lated. 

Percentage of Modulation 

When a »ululated signal is detected in a re-
ceiver, the deteetor eliminates the carrier and 
takes from it the modulation. The stronger the 
modulation, therefore, the greater is the useful 
receiver output. Obviously, it is desintble to make 
the mmlulation as strmig or " ho ' i\'  " as possible. 
A wave modulated as in Fig. 10-1C would pro-
duce considerably more useful audio output than 
the one shown at 
The " depth" of the modulation is expressed 

266 
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as a p,r,, olage of the unmodulateql earner ani-
plitud,. ii It her B or C, Fig. 10-1, X represents 
the unmodulated carrier amplitude, Y is the 
maximum amplitude on the modulation up-peak, 
and Z is the minimum amplitude on the modula-
tion downpeak. 
The outline of the modulated wave is called 

the modulation envelope. It is shown by the 
thin line outlining the patterns in Fig. 10-1. In 
a properly-operating modulation system either 
side of this outline is an accurate reproduction 

(A) ' 111111111  
tVave.thape of 

Voltage 

Z; or Voltage 

Fig. 10-1 — Graphical repre.eitt: lot of ( r.f. output 
unmodulated, (B) modulated 50%, (C) modulated 
100%. 

of the modulating wave, as can be seen in Fig. 
10-1 at B and C by comparing the upper outline 
of the modulation envelope with the waveshape 
of the modulating wave. The lower outline du-
plicates the upper, but simply appears upside 
down in the drawing. 
The percentage of modulation is 

— X 
% Mod. = Y  v X 100 (upward modulation), or 

X  % Mod. — — Z x X 100 (downward modulation) 

If the waveshape of the modulation is such that 
its peak positive and negative amplitudes are 
equal, then the modulati(01 percentage will be 
the same h di' up and down. If the two percen-
tages differ, the larger of t he two is customarily 
specified. 

Power in Modulated Wave 

The amplitude values shown in Fig. 10-1 cor-
respond to current or voltage, so the drawings 
may be taken to represent instantaneous values 
of either. Now power varies as the square of 
either the current or voltage, so at the peak of 
the modulation up-swing the instantaneous 
power in the signal of Fig. 10-1C is four times the 
unmodulated carrier power (because the current 
and voltage both are doubled). At the peak of 

t la down-swing the power is zero, since the 
rimplitude is zero. These statements are true of 
100 per cent modulation no matter what the 
waveform of the modulation. The instantaneous 
power in the modulated signal is proportional to 
the square of its amplitude at every instant. This 
fact is highly important in the operation of every 
method of amplitude modulation. 

It is convenient, and customary, to describe 
the operation of modulation systems in terms of 
sine-wave modulation. Although this waveshape 
is seldom actually used in practice (voice wave-
shapes depart very considerably from the sine 
form) it lends itself to simple calculations and 
its use as a standard permits comparison between 
systems on a common basis. With sine-wave 
modulation the power in the modulated signal 
averaged over any number of full cycles of the 
modulation frequency is found to be 1 3 times 
the power in the unmodulated carrier. In other 
words, the power output increases 50 per cent 
with 100-per-cent modulation by a sine wave. 
This relationship is very useful in the design of 
modulation systems and modulators, since any 
such system that is capable of increasing the 
average power output by 50 per cent with sine-
wave modulation automatically fulfills the re-
quirement that the instantaneous power at the 
modulation up-peak be four times the carrier 
power. No such simple relationship exists with 
complex waveforms, consequently systems in 
which the additional power is supplied from out-
side the modulated r.f. stage (e.g., plate modula-
tion) usually are designed on a sine-wave basis 
as a matter of convenience. Modulation systems 
in which the additional power is secured from the 
modulated r.f. amplifier (e.g., grid modulation) 
usually are more conveniently designed on the 
basis of peak power rather than average power. 
The extra power that is contained in a modu-

lated signal goes entirely into the sidebands, half 
in the upper sideband and half in the lower. As a 
numerical example, full modulation of a 100-
watt carrier by a sine wave will add 50 watts of 
sideband power, 25 in the lower and 25 in the 
upper sideband. Supplying this additional power 
for the sidebands is the object of all of the various 
systems devised for amplitude modulation. 
Complex waveforms such as speech do not, as 

a rule, contain as much average power as a sine 
wave. Ordinary speech waveforms have about 
half as much average power as a sine wave, for 
the same peak amplitude in both waveforms. 
Shim it is the peak amplitude, not the average 
power, that determines the percentage of modu-
lation, the sideband power with ordinary speech 
averages only about half the power with sine-
wave modulation, for the same modulation per-
centage in both cases. 

Unsymmetrical Modulation 

In an ordinary electric circuit it is possible to 
increase the amplitude of current flow indefi-
nitely, up to the limit of the power-handling 
capability of the components, but it cannot very 
well be decreased to less than zero. The same 
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»been of J Kí Modulating Voltage 

Fig. 10-2 — Modulation by an unsymmetrical wave-
form. This drawing shows 100% downward modula-
tion along with 300% upward modulation. There is no 
distortion, since the modulation envelope is an accurate 
reproduction of the waveform of the modulating 
voltage. 

thing is true of the amplitude of an r.f. signal; it 
can be modulated upward to any desired extent, 
but it cannot be modulated downward more than 
100 per cent. 
When the modulating waveform is unsymme-

trical it is possible for the upward and down-
ward modulation percentages to be different. A 
simple case is shown in Fig. 10-2. The positive 
peak of the modulating signal is about 3 times 
the amplitude of the negative peak. If, as shown 
in the drawing, the modulating amplitude is ad-
justed so that the peak downward modualtion 
is just 100 per cent (Z -= 0) the peak upward 
modulation is 300 per cent (Y = 4X). The car-
rier amplitude is represented by X, as in Fig. 
10-1. The modulation envelope reproduces the 
waveform of the modulating signal accurately, 
hence there is no distortion. In such a modulated 
signal the increase in power output with modu-
lation is considerably greater than when the 
modulation is symmetrical and has to be limited 
to 100 percent both up and down. However, the 
peak amplitude, Y, is four times the carrier am-
plitude, X, so the peak power is 16 times the 
carrier power. When the upward modulation is 
more than 100 per cent the peak power capacity 
of the modulating system obviously must be in-
creased sufficiently to take care of the much 
larger peak amplitudes. 

0 verznodulatiora 

If the amplitude of the modulation on the 
downward swing becomes too great, there will 
be a period of time during which the output is 
entirely cut off. This is shown in Fig. 10-3. The 
shape of the downward half of the modulating 
wave is no longer accurately reproduced by the 
modulation envelope, consequently the modula-
tion is distorted. Operation of this type is called 
overmodulation. The distortion of the modula-
tion envelope causes new frequencies to be gen-
erated (harmonics of the modulating frequency, 
which combine with the carrier to form new 

sidebands correspondingly spaced from the car-
rier frequency) that widen the channel occupied 
by the modulated signal. These spurious fre-
quencies are commonly called "splatter". 

It is important to realize that the channel 
occupied by an amplitude-modulated signal is 
dependent on the waveshape of the modulation 
envelope. If this waveshape is complex and can 
be resolved into wide band of audio frequencies, 
then the channel occupied will be correspondingly 
large. The modulation-envelope waveshape shown 
in Fig. 10-3 will contain a large number of har-
monics of the original sine-wave frequency of 
the modulating wave because of the sharp cor-
ners in the waveshape when it is " clipped" at 
the zero axis. However, if the original modulat-
ing wave had had exactly this same shape the 
channel occupied by the modulated signal would 
be exactly the same. Basically, it is not the fact 
that the signal cannot be modulated more than 
100 per cent downward that causes splatter, but 
the fact that any distorted waveshape contains 
higher frequencies than were present in the 
original undistorted wave. A wave that is effi-
ciently clipped, as is the case with the waveshape 
shown in Fig. 10-3, will contain a wider range of 
spurious frequencies than one in which there are 
no highly abrupt changes in amplitude. 

f\.., 

Waveshape of 
Modulating Voltage 

Fig. 10-3 — An overmodulated signal. The modulation 
envelope is not an accurate reproduction of the wave-
form of the modulating voltage. This or any type of 
distortion occurring during the modulation process 
generates spurious sidebands or "splatter." 

Because of this clipping action at zero ampli-
tude, it is important that care be taken to pre-
vent applying too large a modulating signal in 
the downward direction. Overmodulation results 
in more splatter than is caused by most other 
types of distortion in a 'phone transmitter. 

• GENERAL REQUIREMENTS 
For proper operation of an amplitude-modu-

lated transmitter there are a few general require-
ments that must be met no matter what par-
ticular method of modulation may be used. 
Failure to meet them is accompanied by unde-
sirable effects, principally distortion of the modu-
lation envelope that increases the channel width 
as compared with that required by the legitimate 
frequencies contained in the original modulating 
wave. 
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Frequency Stability 

For satisfactory amplitude modulation, the 
carrier frequency must be entirely unaffected by 
modulation. If the application of modulation 
causes a change in the carrier frequency, the fre-
quency will wobble back and forth with the mod-
ulation. This causes distortion and widens the 
channel taken by the signal. Thus unnecessary 
interference is caused to other transmissions. 

In practice, this undesirable frequency modu-
lation is prevented by applying the modulation 
to an r.f. amplifier stage that is isolated from 
the frequency-controlling oscillator by a buffer 
amplifier. Amplitude modulation applied di-
rectly to an oscillator always is accompanied by 
frequency modulation. Under existing FCC regu-
lations amplitude modulation of an oscillator is 
permitted only on frequencies above 144 Mc. 
Below that frequency the regulations require 
that an amplitude-modulated transmitter be 
completely free from frequency modulation. 

Linearity 

At least up to the limit of 100-per-cent upward 
modulation, the amplitude of the r.f. output 
should be directly proportional to the amplitude 
of the modulating wave. Fig. 10-4 is a graph of 
an ideal modulation characteristic, or curve 
showing the relationship between r.f. output 
amplitude and instantaneous modulation am-
plitude. The modulation swings the r.f. ampli-
tude back and forth along the curve A, as the 
modulating voltage alternately swings positive 
and negative. Assuming that the negative peak 
of the modulating wave is just sufficient to re-
duce the r.f. output to zero (modulating voltage 
equal to —1 in the drawing), the same modulat-
ing voltage peak in the positive direction (+ 1) 
should cause the r.f. amplitude to reach twice 

2 

o-1 

_100..% MODULATION UP-PEAK_ A 

.0" 

CARRIER AMP.I.ITUDE_.. 

MODULATING SIGNAL 

Fig. 10-4— The modulation characteristic shows the 
relationship between the instantaneous amplitude of the 
r.f. output current (or voltage) and the instantaneous 
amplitude of the modulating voltage. The ideal charac-
teristic is a straight line, as shown by curve A. 

its unmodulated value. The ideal is a straight 
line, as shown by curve A. Such a modulation 
characteristic is perfectly linear. 
A nonlinear characteristic is shown by curve 

B. The r.f. amplitude does not reach twice the 
unmodulated carrier amplitude when the mod-
ulating voltage reaches its positive peak. A mod-
ulation characteristic of this type gives a modu-
lation envelope that is "flattened" on the up-
peak; in other words, the modulation envelope 
is not an exact reproduction of the modulating 
wave. It is therefore distorted and harmonics 
are generated, causing the transmitted signal to 
occupy a wider channel than is necessary. A 
nonlinear modulation characteristic can easily 
result when a transmitter is not properly de-
signed or is misadjusted. 
The modulation capability of the transmitter 

is the maximum percentage of modulation that 
is possible without objectionable distortion from 
nonlinearity. The maximum capability can never 
exceed 100 per cent on the down-peak, but it is 
possible for it to be higher on the up-peak. The 
modulation capability should be as close to 
100 per cent as possible, so that the most effec-
tive signal can be transmitted. 

Plate Power Supply 

The d.c. power supply for the plate or plates 
of the modulated amplifier should be well fil-
tered; if it is not, plate-supply ripple will modu-
late the carrier and cause annoying hum. The 
ripple voltage should not be more than about 1 
per cent of the d.c. output voltage. 

In amplitude modulation the plate current 
varies at an audio-frequency rate; in other words, 
an alternating current is superimposed on the 
d.c. plate current. The output filter condenser in 
the plate supply must have low reactance, at the 
lowest audio frequency in the modulation, if the 
transmitter is to modulate equally well at all 
audio frequencies. The condenser capacitance re-
quired depends on the ratio of d.c. plate current 
to plate voltage in the modulated amplifier. The 
requirements will be met satisfactorily if the ca-
pacitance of the output condenser is at least 
equal to 

C = 25 — 
E 

where C = Capacitance of output condenser in 
pfd. 

I = D.c. plate current of modulated 
amplifier in milliamperes 

E = Plate voltage of modulated ampli-
fier 

Example: A modulated amplifier operates at 1250 volts 
and 275 ma. The capacitance of the output condenser in 
the plate-supply filter should be at least 

C = 25 —/ = 25 X —275 = 25 X 0.22 = 5.5 dd. 
E 1250 

Modulation Systems 

An amplitude-modulated signal can be gen-
erated by a variety of methods, the only pres-
ently-used ones being those in which a modulat-
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ing voltage is applied to one or more tube ele-
ments in an r.f. amplifier. The proper object of 
all methods is to generate an r.f. signal having a 
modulation envelope which reprocluces the wave-
form of the modulating voltage with as lit tle dis-
tortion as possible. 
The methods described in this chapter are the 

basic ones. There are many specialized variations, 
usually involving some form of grid modulation 

with the object of increasing the rather plate 
efficiency that is an inherent characteri ,tic of 
grid modulation. Such systems, when they actu-
ally achieve substantially distortionless modula-
tion, are rather complicated circuitwise, are 
difficult to adjust and are not well adapted to 
rapid frequency change. They have so far had 
little or no lasting application in amateur com-
munication. 

Amplitude Modulation Methods 

• PLATE MODULATION 
The most popular system of amplitude mod-

ulation is plate modulation. It is the simplest 
to apply, gives the highest efficiency in the mod-
ulated amplifier, and is the easiest to adjust for 
proper operation. 

Fig. 10-5 shows the most widely-used system 
of plate modulation, in this case with triode r.f. 
tubes. A balanced (push-pull Class A, Class AB 
or Class B) modulator is transformer-coupled to 
the plate circuit of the modulated r.f. amplifier. 
l'he audio-frequency power generated by the 
modulator is combined with the d.c. power in the 
modulated-amplifier plate circuit by transfer 
through the coupling transformer, T. For 100-
per-cent modulation the audio-frequency output 
of the modulator and the turns ratio of the cou-
pling transformer must be such that the voltage 
at the plate of the modulated amplifier varies 
lietween zero and twice the d.c. operating plate 
voltage, thus causing vorresponding variations 
in the amplitude of the r.f. output. 

CLASS C 
AMP 

R°F—I 
Excitation 

1 
= RFC 

Grid 
Leak 

Modulator 

+8 +13 

g7 <4,301t. 

RFC 

Fig. 10-5 — Plate modulation of a Class C r.f. amplifier. 
The r.f. plate by-pass condenser, C, in the amplifier 
stage should have reasonably high reactance at audio 
frequencies. A value of the order of 0.001 ufd. to 
0.005 dd. is satisfactory in practically all cases. (See 
chapter on  lulators.) 

Audio Power 

As state, i•arlier, the average power output 
of the modulated stage must increase during 
modulation. The modulator must be capable of 
supplying to the modulated r.f. stage sine-wave 
audio power equal to 50 per cent of the d.c. plate 
input. For example, if the d.c. plate power input 
to the r.f. stage is 100 watts, the sine-wave audio 
power out put of the modulator must be 50 watts. 

Modulating Impedance; Linearity 

The modulating impedance, or load resistance 
presented to the modulator by the modulated 
r.f. amplifier, is equal to 

Z, = X 1000 ohms ip 

where D.c. plate voltage 
1„ D.c. plate current (ma.) 

and I, are measured without modulation. 
The power output of the r.f. amplifier must 

vary as the square of the instantaneous plate 
voltage (the r.f. voltage must be proportional to 
the plate voltage) in order for the modulation to 
be linear. This will be the case when the ampli-
fier operates under Class C conditions. 
linearity depends upon having sufficient grid 
excitation and proper bias, and upon the adjust-
ment of circuit constants to the proper values. 

Adjustment of Plate-Modulated Amplifiers 

The general operating conditions for Class C 
operation are described in the chapter on trans-
mitters. The grid bias and grid current required 
for plate modulation usually are given in the 
operating data supplied by the tube manufac-
turer; in general, the bias should be such as to 
give an operating angle of about 120 degrees at 
the d.c. plate voltage used, and the grid excita-
tion should be great enough so that the ampli-
fier's plate efficiency will st ay constant when the 
plate voltage is varied over the range from zero 
to twice the unmodulated value. For best linear-
ity, the grid bias should be obtained partly from 
a fixed source of about the cut-off value, and then 
supplemented by grid-leak bias to supply the 
remainder of the required operating bias. 
The maximum permissible d.c. plate power 

input for 100-per-cent modulation is twice the 
sine-wave audio-frequency power output avail-
able from the modulator. This input is obtained 
by varying the loading on the amplifier (keeping 
its tank circuit tuned to resonance) until the 
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product of d.c. plate voltage and plate current is 
the desired power. The modulating impedance 
under these conditions must be transformed to 
the proper value for the modulator by using the 
correct output-transformer turns ratio. This 
point is considered in detail in the chapter on 
modulator design. 

Neutralization, when triodes are used, should 
be as nearly perfect as possible, since regenera-
tion may cause nonlinearity. The amplifier also 
must be completely free from parasitic oseilla-
tions. 
Although the total power input (d.c. plus 

audio-frequency a.c.) increases with modulation, 
the (1.e. plate current of a plate-modulated am-
plifier should not change when the stage is modu-
lated. This is because each increase in plate volt-
age and plate current is balanced by an equiva-
lent decrease in voltage and current on the next 
half-cycle of the modulating wave. D.c. instru-
ments cannot follow the a.f. V ariations, and since 
the average ( 1.1. Plate current and plate voltage 
()I a properly-operated amplifier do not change, 
neither ( lo the meter readings. A change in plate 
current with modulation indicates nordinearity. 
On the other hand, a thermo-couple r.f. am-
meter connected in t he a nt,enna or transmission 
line will show an iterase in r.f. current with 
modulation, because instruments of this type 
respond to power rather than to current or 
voltage. 

Screen-Grid Amplifiers 

Screen-grid tubes of tire ititiule or beam-
tetrode type can be used as Class C plate-modu-
lated amplifiers by applying the modulation to 
both the plate and screen grid. The usual method 
of feeding the screen grid with the necessary d.c. 
and modulation voltage is shown in Fig. 10-6. 
The dropping resistor, R, should be of the prorwr 
value to apply walnut d.c. voltage to the screen 
under steady carrier conditions. Its value can be 
ea kola ti d 1;y taking the difference between plate 
and screen voltages and divitling it by the rated 
serti ni current. 

0---I 
R.E 

Excitation 
RFC 

6rid 
leak 

+13 

Fig. 10-6 — Plate and screen modulation of a Class C 
r.f. amplifier using a screen-grid tube. The plate r.f. 
by-pass condenser, Cr, should have reasonably high 
reactance at all audio frequencies; a value of 0..001 to 
0.005 gfd. is generally satisfactory. The screen by-pass, 
C2, should be 0.002 mid. or less in the usual case. 
When the modulated amplifier is a beam tetrode the 

suppressor connection shown in this diagram may be 
ignored. If a base terminal is provided on the tube 
for the beam-forming plates, it should he connected as 
rev lllll mended b> the manufacturer. 

The modulating impedance is found by divid-
ing the d.c. plate voltage by the sum of the plate 
and screen currents. The plate voltage multiplied 
by the sum of the two currents gives the power 
input to be used as the basis for determining the 
audio power required from t hp modulator. 
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Fig. 10-7 — Plate modulation of a beam tetrode, using 
an audio impedance ill the screen circuit. The value of 
Li is discussed in the text. See Fig. 10-6 for data on by-
pass capacitors Ci and (.2. 

Modulation of the screen along with the plate 
is nevessary because the screen voltage has a 
much greatu r effect on the plate current than the 
plate voltage does. Very little modulation takes 
place and the modulation characteristic is non-
linear if the plate alone is modulated. However, 
beam tetrodes can be modulated satisfactorily 
by applying the modulating power to the plate 
circuit alone, provided the screen is " floating" 
at audio frequencies — that is, is not grounded 
for a.f. but is connected to its d.c. supply through 
an audio impedance. The circuit is shown in 
Fig. 10-7. The choke coil L1 is the audio imped-
ance in the screen circuit; its inductance should 
be large enough to have a reactance (at the lowest 
desired audio frequency) that is not less than the 
impedance of the screen. The latter can be taken 
to be approximately equal to the d.c. screen 
voltage divided by the d.c. screen current. 

Choke-Coupled Modulator 

One of the oldest types of modulation system 
is the choke-coupled Class A modulator shown 
in Fig. 10-8. Because of the relatively low power 
output and plate efficiency of a Class A ampli-
fier, the method is seldom used now except for a 
few special applications. The audio power output 
of the modulator is combined with the d.c. power 
in the plate circuit, just as in the case of the 
transformer-coupled modulator. However, there 
is considerably less freedom in adjustment, since 
no transformer is available for matching im-
pedances. 
The modulating impedance of the r.f. amplifier 

must be adjusted to the value of load impedance 
required by the particular modulator tube used, 
and the power input to the r.f. stage must not 
exceed twice the rated a.f. power output of the 
modulator. A complication is the fact that the 
plate voltage on the modulator must be higher 
than the plate voltage on the r.f. amplifier, for 
100-per-cent modulation. This is because the a.f. 
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Fig. 10-8 — Choke-coupled Class A modulator. The 
cathode resistor, Ri, should have the normal value for 
operation of the modulator tube as a Class A power 
amplifier. The modulation choke, 1.1, should be 5 henrys 
or more. A value of 0.001 to 0.005 AL is satisfactory at 
C2, the r.f. amplifier plate by-pass condenser. See text 
for discussion of CI and RI. 

voltage developed by t he modulator cannot swing 
to zero ivithout a great deal of distortion. Rh 
provides the necessary cl.c. voltage drop between 
the modulator and r.f. amplifier, but its value 
cannot be calculated without using the published 
plate family of curves for the modulator tube 
used. The voltage drop through RI must equal 
the minimum instantaneous plate voltage on the 
modulator tube under normal operating condi-
tions. (lb an autho-frequency by-imss across III( 
should have a capacitanee sue,' that its reactance 
t 100 eyries is not more than about one-tenth 

the resistance o of ll. Wit hout /elf the percentage 
of modulation is limited to 70 to 80 per cent in 
the average case. 

o GRID MODULATION 
The principal disadvantage of plate modula-

hou  is that a vonsiderable amount of audio power 
is required. This requirement eau be avoided by 
applying the modulation to a grill element in the 
modulated amplifier. However, the convenienve 
and economy of t he low-power modulator must 
be pail for, since no modulation system gives 
suint t hing for nothing. The increased power out-
put that accompanies modulation is paid for, in 
the ease of grid modulation, by a reduction in the 
carrier power output obtainable from a given r.f. 
amplifier tube, and by more rigorous operating 
requirements and more complieate(I adjust meiot 
The term " grid modulation" as used here ap-

plies to all types -- eontrol grid, sewen, or sup-
pressor — since the operating prinriples are ex-
actly the sanie no matter which grid is actually 

modulated. With grid modulation the plate volt-
age is vonstant, anti the increase in power output 
with nmdulation is obtained by making both the 
plate current and plate effieieney vary wit h the 
modulating signal as shown in Fig. 10-9. For 
100-per-cent modulation, both plate current and 
efficiency must, at the peak of the modulation 
up-swing, be twice their carrier values. Thus at 
the modulatitm peak the power input is doubled, 
and since the plate eflicieney also is doubled at 
the same instant the peak ( output power will be 
four times the carrier power. The efficiency ob-
tainable at the peak depends on how carefully 
the modulated amplifier is adjusted, and some-
times can be as high as 80 per cent. It is generally 
less when the amplifier is adjusted for good line-
arity, and under average conditions a ro mod figure 
of 2A, or 66 per cent, is representative. Snore the 
carrier efficiency is only half the peak efficiency, 
the efficiency for carrier conditions, wit hou. t 
modulation, is only about 33 per cent. Thus the 
carrier output is about one-fourth the power ob-
tainable from the same tube in c.w. operation, 
and about one-thin1 the earlier out put obtainable 
from the tube with plate modulation. 
The modulator is it-i 1uired to furnish only the 

audio power dissipated in the modulated grid 
under the operating conditions chosen. A speech 
amplifier capahlu of delivering 3 to 10 watts is 
usually suflivient. 

Generally speaking, grid modulation ( loos mot 
give as linear a modulation characteristie as 
'date modulation, even under (optimum operat-
ing conditions. When misadjusteol the molding-
arity may be severe, resulting in bad distortion 
and spin t ter. However, with careful adjustment 
it is ea imble of quite satisfactory results. 
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Fig. 10-9 — In a perfect grid-modulated amplifier both 
plate current and plate efficiency. would vary with the in-
stantaneous modulating voltage as shown. V. hen this 
is so the modulation characteristic is as given by curve 
.-I in Fig. 10-1, and the peak output powcr is four tintes 
the um lulated carrier u er. The variations in plate 
current with modulatineL in•licit . 11 above, do not regis-
ter on a d.r. in:4er, so th .• ol tic in.•tcr sin IWS no change 
when the signal is modulat..d. 
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Plate-Circuit Operating Conditions 

The ti . e. plate power input to the modulated 
amplifier, assuming a round figure of % (33 per 
cent) for the plate tifficieney, should not. exceed 
1 times the plate tlissipa t ion rating of the tube 
or tubes used in the modulated stage. It is gen-
erally best to use the maximum plate voltage 
permitted by the manufarturer's ratings, be-
cause t he optimum opt a.it t ing conditions are more 
easily achieved with high plate voltage and the 
linearity also is improved. 

E pie: Two tubes having plate dissipation 
ratings of 55 watts each are to be used with grid 
niodulation. 
The maximum permissible power input. at 33% 
efficiency. is 
P = 1.5 X (2 X 55) = 1.5 X 110 = 165 watts 
The maximum we( lllllll ended plate voltage for 
these tubes is 1500 volts. L'sing this figure, the 
average plate current for the two tubes will be 

I = = —165 = 0.11 amp. = 110 nia. 
E 1500 

At 33' efficiency, the carrier output to be ex-
pected i, 55 watts. 
The plate-voltage/plate-current ratio at Wire 

carrier plate current is 

1500 
= 6.8 

220 

The tauk-eireuit L 'C ratio should be chosen on 
t he basis of tupe' average or carrier plate cur-
rent. If the L r ratio is based on the plate volt-
age/plate current ratio mid. carrier cimolitions 
the Q may be too low for goirl coupling to the 
output eireuit. 

Control-Grid Modulation 

Control-grid modulation mai 1.0 used with :uitv 
type of r.f. amplifier tube. A typical triode cireuit 
is given in Fig. 10-10. The same cireuit can be 
used with screen-grid tubes merely by supplying 
the normal value of screen voltage by anv eon-
venient incans: however, the screen shoilld be 
1) -Passed for audio ( I PM. or Inot') as well as 
radio frequencies. 'The audio signal is inserted, 
by means of transformer T, in series with the 
grid-bias lead. In a push-pull amplifier the trans-
former is conneeted in the common bias lea 

In control-grid modulation the ol.c. grid bias is 
the same as in normal ('lass-(' amplifier service, 
but the r.f. grid excitation is somewhat smaller. 
The audio voltage sul xor.mposel on the bias 

changes the instantaneous grid bias at an audio 
rate, thus varying the operating coil i lit ions in the 
grid eireuit and controlling the output and eíli-
ciency i a the amplifier. 
The ehange in instantaneous bias voltage with 

modulation causo .s the rectifieil grid current of 
the amplifier to vary, which places a variable 
load on the modulator. To reduce distortion, ni-
sistor II' in Fig. 10-10 is connected in the output 
circuit of the nuclulator as a roustant kmd, so 
t hat the overall loa I variations will be minimized. 
This resistor sh dUl be equal to or somewhat 
higher than the luid into which the modulator 
tube is rated to work at normal iii ho output. 
It is also recommendel that the inorlulittoa. cir-
cuit heorporate as much negative fee lback its 

+13 
4C0—a. 

Fig. 10-10 — Conted-grid  dulation of a Class C 
The r.f. grid b -pa.‘s condenser, C, should ha % e 

high rcactance at audio frequencies (0.005 mfd. or less). 

possible, as a further aid in reducing the internal 
resistance of the modulator and thus improving 
the " regulation" — that is, reducing the effect 
of load variations on the audio output voltage. 
The turns ratio of transformer T should be about 
1 to 1 it) lutist cases. 
The Inal on the r.f. driving stage also varies 

with modulation. This in turn will cause the ex-
citation voltage to vary which may cause the 
modulation eharaeteristic to be nonlinear. To 
overcome it, the thaver should be capable of two 
or three times the r.f. power output actually re-
quired to drive the amplifier. The excess power 
may be dissipated in a dummy load (such as an 
incandescent lamp of itppropriate power rating) 
that then performs the same funetion iii the rd.. 
eireuit that resistor le does in the audio circuit. 
The d.c. bias source in this system should have 

low internal resistitnce. Batteries or a voltage-
regulated supply are suitable. ( bias 
should not be use.l. 

Adjustment 

A tamtrol-grid modulated amplifier should 
be afljustel with the Mil of an oscilloscope con-
fleeted its shown in Fig. 10-11. A tone source for 
modulating the transmitter is a eonvenienee, 
since a steady tone will give a steady pattern on 
the oscilloscope. A sttxulv pattern is ':t slur to 
stady than one that fliek;irs with voice modula-
tion. 

Having determined the permissible carrier 
plate e 'Trent as preyi,msly described, apply r.f. 
excititt ion and plate voltage and, without modu-
lation. adjust the plate loading to give the ro-
il I plate eurrent (keeping the plate tank 
dry lit tuned to resonance). Mixt, apply modu-
latimi iii I inerease the modulating voltage until 
the mo.lulation characteristic shows curvature 
(see later seethin in this chapter for use of the 
oscilloscope). If curvature occurs well below 100-
per-cent modulation, the plate efficiency is too 
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Fig. 10-11 — Using the oscilloscope for adjustment of a grid-modulated amplifier. 
The connections shown are for grid-bias modulation. V• WI screen or suppre-s,ir 
modulation the connection to the horizontal plates of the ... we should be taken 
 he grid being modulated; the r.f. pick-up arrangement remains unchanged. 

J. and C should tune to the operating frequency, and may be coupled to the 
transmitter tank circuit through a twisted pair or coax. using single-turn links at 
each end. The 0.01-pfd. blocking condenser that couples the audio voltage to the 
horizontal plates of the oscilloscope should have a voltage rating equal to at least 
twiee the d.c. voltage on the grid that is being modulated. 

high. Increase the plate loading slightly and re-
duce the ( xcitation to maintain the same plate 
current; then apply modulation and cheek the 
characteristic again. Continue this process until 
the vharart oristie is as linear as possible from the 
horizont;t1 axis to twice t I arrier amplitude. 

Screen Modulation 

Power tubes of the beam tetrode type have 
very good modulation characteristics when the 
modulating voltage is superimposed on the (I.e. 
screen-grid voltage. The efficiency and plate 
current should vary with the modulating voltage 
as shown in Fig. 10-9. 
III many ways screen modulation is mole satis-

factory than control-grid modulation, since the 
system does not require a fixed-bias supply for 
he control grid, and is not highly critical as to 

excitation voltage. However, the operating prin-
ciples are identical, and the carrier output is 
limited to about one-half the plate dissipation 
rating of the tube or tubes used in the modulated 
amplifier. 
The most sa t isfaetory way to apply the modu-

lating voltage to the screen is through a trans-

Fig. 1042 — Screen-grid modulation of beam tetrode. 
Condenser C is an ri. bypass condenser and should 
have high reactance at audio frequencies. A value of 
0.002 afd. is satisfactory. I'he grid leak can have the 
same value that is used for c.w. operation of the tube. 
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former, as shown in Fig. 
10-12. In an ideal beam 
tetrode the plate current 
and output should be com-
pletely cut off with zero 
screen voltage, but in prac-
tical tubes it is necessary 
to drive the screen some-
what negative with respect 
to the cathode to get com-
plete cut-off. For this reason 
the peak modulating volt-
age required for 100-per-
cent modulation is usually 
10 per tent or so greater 
than titi tic. screen voltage. 
The latter, in turn, is ap-
proximately half the rated 
screen voltage under 
maximum ratings for e.w. 
operation. 
The audio power re-

quired is approximately 

83 
E.b = 1500V. 
lb = 110 MA. 
1c = 5 MA. 
R9 = 10 K  
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Fig. 10-13 — A typical screen voltage-current curve of 
a beam tetrode adjusted for optimum conditions for 
screen modulation. 

one-fourth the dc. power input to the screen 
under c.w. operatii el, Init varies somewhat with 
the operating cc nit lit ions. A receiving-type audio 
power amplifier will suffice as the modulator for 
most transmitting tubes. Because the relation-
ship between screen voltage and screen current 
is to d linear (a t vpical curve giving this relation-
ship is shown in Fig. 10-13) the load on the modu-
lator varies over the audio-frequency cycle, and 
it is therefore highly advisalde to use negative 
eb fedack in the modulator circuit. If excess audio 

power is available, it is also advisable to load the 
modulator with a resistance corresponding to R 
in Fig. 10-10, the value of le being adjusted to 
dissipate the excess power. UfiTortunately, there 
is no simple way to determine the proper re-
sistance except experimentally, by observing the 
effect of different values on the waveshape with 
the aid of an oscilloscope. 
On the assumption that the modulator will be 

fully loaded by the screen plus the additional 
load resistor R, the turns ratio require i I in the 
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coupling transformer may be calculated as fol-
lows: 

N —  Ed 

2. 5 N/PRI, 
where N is the turns ratio, secondary to primary; 
Ed is the rated screen voltage for c.w. operation; 
/' is the rated audio power output of the modu-
lator: and RL is the rate il load resistance for the 
moi lu lator. 
The best method of adjustment is to use an 

oscilloscope (the connections of Fig. 10-11 may 
be used, except that the audio sweep voltage is 
taken from the screen instead of the control grid) 
and adjust plate loading, grid excitation. and 
modulating voltage for the greatest output com-
patible with good linearit y at MO per cent modu-
lation. The amplifier be loaded heitvily 
and the grid current should be kept at the point 
where a further reduction decreases the r.f. out-
put. Under proper operating conditions the plate-
current dip as the amplifier plate circuit is tuned 
through ri•sonance will be little more than just 
discerniltle. 

In an alternative tuljustment metlntd not re-
quiring an oscilloscope the r.f. amplifier is first 
tuned up for maximum output without modula-
tion and the rated d.c. screen voltage (from a 
fixed-voltage supply) for c.w. operation applied. 
Use heavy loading and reduce the grid excitation 
until the output just starts to bill off, at which 
point the resonance dip in plate current should 
be small. Note the plate current and, if possible, 
the r.f. ant pi ina or feeder current, anti then reduce 
the d.c. serii voltage until the plate current is 
one-half its previous value. The r.f. output cur-
rent should also be one-half its previous value at 
this screen voltage. The amplifier is t hen rete iv 
for modulation, and the modulating voltage may 
be increased until the plate current just starts to 
shift upward, which indicates that the amplifier 
is modulated 100 per cent. With voice modulation 
the plate current should remain steady, or show 
just an occasional small upward kick on intermit-
tent peaks. 

It is desirable to operate with the grid current 
as low as possible, since this reduces the screen 
current and thus reduces the amount uf power 
required from the modulator. With proper ad-
justment the linearity is good up to about 90 per 
cent modulation. When the screen is driven nega-
tive for 100 per cent modulatitin there is a kink 
in the modulation characteristic at the zero-
voltage point that introduces a small amount of 
distortion. The kink can be removed and the 
overall linearity improved by applying a small 
amount of modulating voltage to the control grid 
simultaneously with screen modulation, but this 
requires adjustment with the oscilloscope. 

"Clamp-Tube" Modulation 

A method of screen-grid modulation that is 
convenient in transmitters provided with a screen 
protective tube (" clamp" tube) is shown in Fig. 
10-14. Basically, the idea is that an audio-fre-
quency signal is applied to the grid of the clamp 
tube, which then becomes a modulator. The 

simplicity of the circuit is somewhat deceptive, 
since it is considerably more difficult from a 
design standpoint than the transformer-coupled 
arrangement of Fig. 10-12. 

For proper modulation the clamp tube must be 
operated as a triode Class-A amplifier, and it will 
be recognized that the method is essentially iden-
tical with the choke-coupled Class-A plate modu-
lator of Fig. 10-8 with a resistance, R2, substituted 
for the choke. R2 in the usual case is the screen 
dropping resistor normally used for c.w. opera-

o—I 
R.F 

Excitation 

IR FC 
-r. 

Fig. 10-ti — Screen  lid•  by a "damp" tube. 
The grid leak is the normal value for c.w. Operation and 
(:2 should he 0.002 phi. or less. See text for discussion 
of CI, RI, K! and R3. R3 si Id have the proper value 
for Class t peration of the modulator tube, but cannot 
be calculated unless triode curves for the tube are 
available. 

tion. Its value should be at least two or three 
times the load resistance required by the Class A 
modulator tube for optimum audio-frequency 
output. Unfortunately, relatively little informa-
tion is available on the triode 'operation of the 
tubes most frequently used for screen-protective 
purposes. 

Like the choke-coupled modulator, the clamp-
tube modulator is incapable of modulating the 
r.f. stage 100 per cent unless the dropping resistor, 
Rj, and audio by-pass, Ch are incorporated in the 
circuit. The same design considerations hold, with 
the addition of the fact that the screen must be 
driven negative, not just to zero voltage, for 100 
per cent modulation. The modulator tube must 
thus be operated at a voltage ranging from 20 to 
40 per cent higher than the screen that it modu-
lates. Proper design requires knowledge of the 
serien characteristics of the r.f. amplifier and a set 
of plate-voltage plate-current curves on the mod-
ulator tube as a triode. 
Adjustment with this system, once the design 

voltages have been determined, is carried out in 
the same way as with transformer-coupled screen 
modulation, preferably with the oscilloscope. 
Without the oscilloscope, the amplifier may first 
be adjusted for c.w. operation as described earlier, 
but with the modulator tube removed from its 
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socket. The modulator is then replaced, and the 
cathode resistance, R3, adjusted to reduce the 
amplifier plate current to one-half its c.w. value. 
The amplifier plate current should remain con-
stant with modulation, or show just a small up-
ward flicker on occasional voice peaks. 

Controlled Carrier 

As explained earlier, a limit is placed on the 
output obtainable from a grid-modulation system 
by the low r.f. amplifier plat e efficiency (approxi-
mately 33 per cent) under unmodulated carrier 

MODULATOR 

o--11 
A F 
Input 

tf, 

Fig. 10-15 — Circuit f r carrier control with screen 
modulation. A small triode such as the 6J5 can be used 
as the control amplifier and a 61.6G is suitable as a 
carrier-control tube. T1 is an interstage audio trans-
former having a 1-to- or larger turns ratio. R4 is a 
0.5-megohm olu me cot trol and also serves as the grid 
resistor for the modula or. A germat l i lllll crystal may 
lie used as the rectifier Other values are discussed in 
the text. 

conditions. The plate effiviency increases with 
modulation, since the output increases while the 
d.c. input remains constant, and reaches a maxi-
mum in the neighborhood of 50 per cent with 100-
per-cent sine-wave modulation. If the power input 
to the amplifier can be reduced during periods 
when there is little or no modulation, thus reduc-
ing the plate loss, advantage can be taken of the 
higher efficiency at full modulation to obtain 
higher effective output. This can be done by vary-
ing the power input to the modulated stage, in 
accordance with average variations in voice in-
tensity, in such a way as to maintain just suffi-
cient carrier power to keep the modulation high, 
but not exceeding 100 per cent, under all condi-
tions. Thus the carrier amplitude is controlled by 
the voice intensity. Properly utilized, controlled 
carrier permits increasing the effective carrier 
output at maximum level to a value equal to the 
rated plate dissipation of the tube, or twice the 
output obtainable with constant carrier. 

It is desirable to control the power input just 
enough so that the plate loss, without modula-
tion, is safely below the tube rating. Excessive 
control is disadvantageous because the receiver's 
a.v.c. system must continually follow the varia-

tions in average signal level. The circuit of Fig. 
10-15 permits adjustment of both the maximum 
and minimum power input, and although some-
what more complicated than some circuits that 
have been used is actually simpler to operate be-
cause it separates the functions of modulation 
and carrier control. A portion of the audio voltage 
at. the modulator grid is applied to a Class A 
"control amplifier'' which drives a rectifier circuit 
to produce a d.c. voltage negative with respect to 
ground. C1 filters out the audio variations, 
leaving a d.c. voltage proportional to the average 
voice level. This voltage is applied to the grid of 
a " clamp" tube to control the d.c. screen voltage 
and thus the r.f. carrier level. Maximum output is 
obtained when the carrier-control tube grid is 
driven to cut-off, the voice level at which this 
occurs being determined by the setting of Re. 
Minimum input is set to the desired level (usually 
about equal to the plate dissipation rating of the 
modulated stage) by adjusting R2. R3 may be the 
normal screen-dropping resistor for the modu-
lated beam tetrode, but in case a separate screen 
supply is tise1 it need be just large enough to give 
sufficient voltage drop to reduce the no-modula-
tion power input to the desired value. 

CiRi should have a time constant of about 0.1 
second. The time constant of C2R3 should be no 
larger. Further details may be found in QST for 
April, 1951, page 64. An oscilloscope is required 
for proper adjustment. 

Suppressor Modulation 

Pentode-type tubes do not, in general, modu-
late well when the modulating voltage is applied 
to the screen grid. However, a satisfactory modu-
lation characteristic can be obtained by applying 
the modulation to the suppressor grid. The circuit 
arrangement for suppressor-grid modulation of a 
pentode tube is shown in Fig. 10-16. 
The method of adjustment closely resembles 

that used with screen-grid modulation. If an 
oscilloscope is not available, the amplifier is first 
adjusted for optimum e. w. output with zero bias 
on the suppressor grid. Negative bias is then 
applied to the suppressor and increased in value 
until the plate current and r.f. output current 
drop to half their original values. When this 
condition has been obtained the amplifier is ready 
for modulation. 
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10-16 — Suppressor-grid modulation of an r.f. 
amplifier using a pentode-type tube. The suppressor. 
grid r.f. by-pass condenser, C, should be the same as the 
grid by-pass condenser in control-grid modulation 

Ant. 
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Since the suppressor is always negatively 

biased, the modulator is not required to furnish 
any power, so a voltage amplifier can be used. 
The suppressor bias will vary with the type of 
pentode and the operating conditions, but usually 
will be of the order of — 100 volts. The peak a.f. 
voltage required from the modulator is equal to 
the suppressor bias. 

• CATHODE MODULATION 
Circuit 

The fundamental circuit for cathode modula-
tion is shown in Fig. 10-17. It is a combination of 
the plate and grid methods, and permits a car-
rier efficiency midway between the two. The 
audio power is introduced in the cathode circuit, 
and both grid bias and plate voltage are modu-
lated. 

CLASS C 
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Fig. 10-17 — Circuit arrangement for cathode modula-
tion of a Class C r.f. amplifier. Values of by-pass con-
densers in the r.f. circuits should be the same as for 
other modulation methods. 

Because part of the modulation is by the 
control-grid method, the plate efficiency of the 
modulated amplifier must vary during modu-
lation. The carrier efficiency therefore must 
be lower than the efficiency at the modulation 
peak. The required reduction in efficiency de-
pends upon the proportion of grid modulation 
to plate modulation; the higher the percentage 
of plate modulation, the higher the permissible 
carrier efficiency, and vice versa. The audio 
power required from the modulator also varies 
with the percentage of plate modulation, being 
greater as this percentage is increased. 
The way in which the various quantities 

vary is illustrated by the curves of Fig. 10-18. 
In these curves the performance of the cath-
ode-modulated r.f. amplifier is plotted in terms 
of the tube ratings for plate-modulated telephony, 
with the percentage of plate modulation as a base. 
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Fig. 10-18 — Cathode-modulation performance curves, 
in terms of percentage of plate modulation plotted 
against percentage of Class C telephony tube ratings. 
W:. — D.c. plate input watts in terms of percentage of 

plate-modulation rating. 
W. — Carrier output watts in per cent of plate-modula-

tion rating (based on plate efficiency of 77.5%). 
W. — Audio power in per cent of d.c. watts input. 
Np — Plate efficiency of the amplifier in percentage. 

As the percentage of plate modulation is de-
creased, it is assumed that the grid modulation is 
increased to make the over-all modulation reach 
100 per cent. The limiting condition, 100-per-cent 
plate modulation and no grid modulation, is at 
the right (A); pure grid modulation is repre-
sented by the left-hand ordinate (B and C). 

Example: Assume that the r.f. tube to be used 
has a looq plate-modulation rating of 250 watts 
input and will give a carrier power output of 190 
watts at that input. Cathode modulation with 40% 
plate modulation is to be used. From Fig. 10-18, 
the carrier efficiency will be 56% with 40% plate 
modulation, the permissible d.c. input will be 65% 
of the plate-modulation rating, and the r.f. output 
will be 48% of the plate-modulation rating. That is, 

Power input = 250 X 0.65 = 162.5 watts 
Power output ---- 190 X 0.48 = 91.2 watts 

The required audio power, from the chart, is equal 
to 20% of the d.c. input to the modulated amplifier. 
Therefore 

Audio power = 162.5 X 0.2 = 32.5 watts 
The modulator should supply a small amount of 
extra power to take care of losses in the grid circuit. 
These should not exceed four or five watts. 

Modulating Impedance 

The modulating impedance of a cathode-
modulated amplifier is approximately equal to 

771— 
/b 

where ni = Percentage of plate modulation (ex-
pressed as a decimal) 

Eb 

Ib ll.c. plate current of modulated 
amplifier 

Example: Assume that the modulated amplifier 
in the example above is to operate at a plate po-
tential of 1250 volts. Then the d.c. plate current is 

P 162.5 
/ = =— = 0.13 amp. (130 ma.) 

E 1250 

The modulating impedance is 
Eb 1250 

en— = 0.4— -= 3846 ohms 
Ib 0.13 

= 1).c. plate voltage on modulated 
amplifier 
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ray spot appears on the screen. When the un-
modulated carrier is applied, a vertical line ap-
pears; the length of the line should be adjusted, 
by means of the pick-up coil coupling, to a con-
venient value. When the carrier is modulated, 
the wedge-shaped pattern appears; the higher 
the modulation percentage, the wider and more 
pointed the wedge becomes. At 100-per-cent 
modulation it just makes a point on the axis, X, 
at one end, and the height, PQ, at the other (aid 
is equal to twice the carrier height, Ka. Over-
modulation in the upward direction is indicated 
by increased height over PQ, and in the downward 
direction by an extension along the axis X at the 
pointed end. 

Checking Transmitter Performance 

The trapezoidal pattern is far mi oc useful than 
the wave-envelope pattern for checking the opera-
tion of a 'phone transmitter. The latter type of 
pattern is of use principally for ehecking modula-
tion percentage, and even when the speech system 
is fed with a sita-wave tone for close examination 

Fig. 1041 — Top — a typical trapezoidal pattern ob-
tained with screen modulation adjusted for optimum 
conditions. 'I'he sudden change in slope near the point 
of the wedge occurs when the screen voltage passes 
through zero. Center — If there is no audio distortion, 
the unmodulated carrier will have the height and posi-
tion shown by the white line superimposed on the sine-
wave modulation pattern. Bottom — Even-harmonie 
distortion in the audio system, when the audio signal 
applied to the speech amplifier is a sine wave, is indi-
cated by the fact that the modulation pattern does not 
extend equal distances either side of the unmodulated 
carrier. 

of the pattern it is difficult to tell with sufficient 
accuracy whether the transmit tta is operating 
linearly. Also, even when distort hit is eVildPilt in 
the wave-envelope pattern there is no clue as to 
whether it is occurring in the modulated amplifier 
or is caused by some defect in the speech equip-
ment. 
On the other hand, the trapezoidal pattern is 

actually a graph of the modulation characteristie 
of the modulated amplifier. The sloping sides of 
the wedge show the r.f. amplitude for every value 
of instantaneous modulating voltage, exactly the 
type of curve plotted in Fig. 10-4. If these sides 
are perfectly straight lines, as drawn in Fig. 
10-20 at H and I, the modulai tint charaet erist it. is 
linear. If the sides show curvature, the charac-
teristic is nonlinear to an extent that is shown by 
the degree to whieli the silks depart foan perfect 
straightness. This is true regardless of the wave-
form of the modulating voltage. 

If the speech system can be driven by a good 
atalio sine-wave signal instead of a microlMcnte, 
the trapezoidal pattern also will show the presence 
of even-harmonic distortion (the most common 
type, especially when the modulator is over-
lotit ('il) in the speech amplifier or modulator. If 
there is no distortion in the audio system, the 
trapezoid will extend horizontally equal distances 
on each side if the vertical line representing the 
unmodulated carrier. If there is even-harmonic 
distortion the trapezoid will extend farther to oint 
side of the unmodulated-carrier position than to 
the other. This is shown in Fig. 10-21. The prob-
able catisi. is in:IA(401:de power output from the 
modulator, or incorreet Ii lal 1 on the modulator. 
An audio oscillator having was, otably good 

sine-wave output is highly desirable it ir tisting 
both speech equipment and the 'phone t ransini t-
ter as a whole. A very simple single-tone oscillator 
such as is shown in t he chapter on measurements 
is quite adequate. \Vit h stieh an oscillator and t he 
'scope, t he pattern is steady and can be studied 
closely to determine the effects of various operat-
ing adjust men t s. 

'rite patterns shown in Figs. 10-21 and the top 
four groups iii Fig. 10-22 show both correct and 
incorreet t t.ansmitter adjustments. The object of 
modulated-amplifier at is to obtain a 
pattern closely resembling t hat in Fig. I0-22A, 
which shows excellent linearit y (sides of wedge 
pattern quite straight) over the whole charac-
teristic at 100-per-cent. modulation. Since no 
modulated amplifier is perfect, titi si ,les will never 
be peifectly straight, but a close approach is 
possible. Different methods of modulation give 
different characteristic results. Fig. 10-22A is 
typical of correctly-operated plate modulation. 
With control-grid modulation the sides usually 
are somewhat concave, particularly near the 
point of the trapezoid, while screen modulation 
gives the characteristic pattern shown in Fig. 
10-21. As mentioned earlier, it is necessary to 
drive the screen somewhat negative in order to 
reach complete plate-current cut-off and thus 
modulate 100 per cent downward. 

Aside from overmodulation downward, Fig. 
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Properly-operated 'phone 
transmitter modulated 100 
per cent. 

It 

Overmodulation of a trans-
mitter having high  Iola-
lion capability. Distortion oc-
curs only on the thovn-peal.s. 

Nonlinearity in modulated, 
r.f. stage, frequently caused 
by insufficient excitati nn of 
a plate-modulated amplifier 
or overexcitation of a grid. 
bias modulated amplifier. The 
amplifier modulates linearly 
in the downward direction 
but the up-peaks are Battened. 

1) 
Overmodulati )))) and non-

linear operation finn:officient 
modulat• •ap,n1,i ). These 
patterns are -intilar to those 
direcIlv above, but mall the 
'tondo'.  • carried ileY I 
100 per cent in the downward 
direction. 

E 

Overmodulation and para-
sitic oscillations in the  lu. 
laten  amplifier. The trape-
zoidal pattern si  
phase distortion en • 41 by 
incorrect coupling between 
the oscilloscope and audio 
system. 

Left — Phase distortion 
caused by incorrect coupling 
between audio system and 
oscilloscope. Right— M ulti-
ple pattern caused by incor-
rect setting of oscilloscope 
time-base control. In both 
cases the wave is modulated 
100 per cent. 

Fig. 10-22 — PHOTOGRAPHS OF TYPICAL OSCILLOSCOPE PATTERNS 
These photographs show various conditions of modulation as displayed by the wedge or trapezoidal patterns in the 
left-hand col  and the wave-envelope patterns in the right-hand column. 

(Photographs reproduced through courtesy of the Allen B. DuMont Laboratories, Inc., Passaic, N. J.) 
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10-22B, which is easily cured by keeping the 
speech amplifier gain or speech intensity below 
the point that causes it, the most common type 
of improper operation is shown by the pattern of 
Fig. 10-22C. The flattening at the large end of the 
trapezoid results from the inability of the modu-
lated amplifier to deliver sufficient power output 
on the modulation up-peak. With plate modula-
tion the most likely cause is insufficient grid exci-
tation or incorrect grid bias or both. With grid 
modulation this flattening is the result of at-
tempting to operate the amplifier at too-high 
carrier efficiency. The remedy is to increase the 
loading on the output circuit and reduce the grid 
excitation, or both in combination, until the 
pattern sides are straight. 

In this connection, it should be noted that while 
the trapezoidal pattern of Fig. 10-22C shows 
nonlineetrity in the modulate (l amplifier, the cor-
responding wave-envelope pattern of the same 
figure could result either from this cause or from 
modulator overloading. With the trapezoidal 
pattern, modulator overloading will be evident 
by the fact that the position of the vertical line 
representing the unmodulated carrier will not be 
at the center of the pattern (when the modulating 
voltage is cut off) but modulator overloading 
will not affect the shape of the pattern. This as-
sumes that the audio signal is a sine wave, 

Curvature rieru.• the point of the trapezoid 
causing it to approach the horizont al axis more 
slowly than would occur with straight sides, indi-
cates that the output power does not decrease rap-
idly enough in this region; it may be caused by r.f. 
leakage from the exciter through the final stage. 
This an be créék—ed by removing the voltage 
from the modulated stage, when the carrier 
should disappear, leaving only the beam spot 
remaining on the screen ( Fig. 10-20F). If a small 
vert irai line remains, the amplifier should be 
carefully neutralized; if this does not eliminate 
the line, it is an indication that the scope is 
getting r.f. from lower-power stages, either by 
coupling through the final tank or via the pick-up 
loop. 

Faulty Patterns 

Figs. 10-20, 10-21, and I0-22A through D show 
what is normally to be expected in the way of 
pattern shapes when the oscilloscope is used to 
check modulation. If the actual patterns differ 
considerably from those shown, it may be that 
the pattern is faulty rather than the transmit-
ter. 

It is important that only r.f. from t he modu-
lated stage only be coupled to the usill s1.1 )pe, and 
then only to the vertical plates. The effect of 
stray r.f. from other stages in the transmitter 
has been mentioned in the preceding section. 
If r.f. is present also on the horizontal plates, 
the pattern will lean to one side instead of being 
upright. If the oscilloscope cannot be moved to 
a position where the unwanted pick-up disap-
pears, a small by-pass condenser ( 10 µµ fd.) should 
be conneeted across the horizontal plates as close 
to the cathiule-ray tube as possible. An r.f. 
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choke (2.5 mh. or smaller) may also be connected 
in series with the ungrounded horizontal plate. 

"Folded" trapezoidal patterns, and patterns 
in which the sides of the trapezoid are elliptical 
instead of straight, Fig. 10-22 F (left), occur 
when the audio sweep voltage is taken from some 
point in the audio system other than that where 
the a.f. power is applied to the modulated stage. 
Such patterns are caused by a phase difference 
between the sweep voltage and the modulating 
voltage. The connections should always be as 
shown in Fig. 10-11 and 10-19B. 

• MODULATION CHECKING WITH 
THE PLATE METER 

The plate milliammeter of the modulated am-
plifier provi(les a simple and fairly relialde means 
for checking the performance of a 'phone trans-
mitter, although it does not give nearly as definite 
information as the oscilloscope does. If the modu-
lated amplifier is perfectly linear, its plate current 
will not change when modulation is applied if 

1) The upward modulation percentage does 
not exceed the modulation capability of the 
amplifier, 

2) The downward modulation does not exceed 
100 per cent, and 

3) There is no change in the (I.e. operating 
voltages on the transmitter when modulation is 
applied. 

This is true of any of the met hulls of modula-
tion discussed in this chapter, with the single 
exception of the controlled-carrier system. The 
plate meter cannot give a reliable cheek on the 
performance of the latter system because the 
plate current increases wit it t he ii t riisi t y of 
modulation. NVith this system tla• plate-current 
variations should be cl rrolateil with the trans-
mitter performance as observed on an oscilloseope 
before the plate meter is used for checking 
mo( lulation. 

Plate Modulation 

With plate modulation, a downward shift in 
plate current may indicate one or more of the 
following: 

1) Insufficient excitation to the modulated 
r.f. amplifier. 

2) Insufficient grid bias on the modulated 
stage. 

3) The r.f. amplifier is not loaded properly to 
present the required value of modulating 
impedance to the modulator. 

4) Insufficient output capacitance in the fil-
ter of the modulated-amplifier plate supply. 

5) D.c. input to the r.f. amplifier, under carrier 
conditions, is in excess of the manufacturer's 
ratings for plate modulation. Alternatively, 
the filament emission of the amplifier tubes 
may be low. 

6) In plate-and-screen modulation of tetrodes 
or pentodes, the screen is not being suffi-
ciently modulated along with the plate. In 
systems in which the d.c. screen voltage is 
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obtained through a dropping resistor, a 
downward clip in plate current may occur 
if the screen by-pass condenser capacitance 
is large enough to by-pass audio frequencies. 

7) Poor voltage regulation of the int s lultitt.d-
amplifier plate supply. This may be caused 
by voltage drop in the supply itself, when 
1ite modulated amplifier and a Class-B 
amplifier are operated from the sana. supply, 
or may be caused by voltage drop in the 
primary supply from the power line when 
Ilu. naslulator ht iai lis t hrown on. It is readily 
checked by measuring the voltage with and 
wit Isnit modulation. Poor line regulation 
will be shown by a drop in filament voltage 
with inothilatioit. 

Any of tie' following may cause an upward 
shift in plate current: 

1) Overmodulation (excessive audio power, 
audio gain too great). 

2) Incomplete neutralization of the mo(Iu-
1:0(.1 amplifier. 

3) Pa PI:•11 in the modulated am-

Grid Modulation 

With any type of grid modulation, any of the 
following may valise a downward shift in modu-
lated-amplifier plate current: 

1) Too much r.f. ('xeitation. 
2) Insufficient grid bias, particularly with 

clad rol-grid modulation. Grid bias is usually 
not eriti('al with screen and suppressor 
»ululation, the value of grid leak recom-
mended for c. w. operation being satis-
factory. 

3) With control-grid modulation, excessive 
resistance in the bias supply. 

4) Insufficient output capacitance in plate-
supply filter. 

5) Plate eflieiency too high under carrier condi-
tions: amplifier is not loaded heavily 
enough. 

Because grid modulation is not perfeetly linear 
(always less so than platc moilulation) a properly-
operating amplifier will show a small upward 
plate-current shift with modulation, 10 per cent 
or less with sine-wave modulation and amounting 
to an occasional upward flieker with voice. An 
upward plate current shift in excess of this may 

causell 
1) Oyermodulation (excessive modulating volt-

age). 
2) Regeneration (incomplete neutralization). 
3) Wit li control-grid or suppressor modulation, 

bias too great. 
4) With screen modulation, cl, c. serien voltage 

too low. 
In grid-modulation systems the modulator is 

not necessarily operating linearly if the plate 
current stays constant with or without modula-
tion. It is readily possible to arrive at a set of 
operating conditions in which flattening of the 
up-peaks is just balanced by overmodulation 
downward, resulting in praet ically the same plate 
current as when the transmitter is unmodulated. 

The oscilloscope providt.s the only certain check 
on gritl modulation. While the same type of im-
proper operation is pos,ible with plaie modula-
tion, it occurs only ratt..ly. 

• COMMON TROUBLES IN THE 
'PHONE TRANSMITTER 

Noise and Hum on Carrier 

Noise ; u1,1 hunt may be detet•ted by listen-
ing to the signal on a receiver, provided the re-
ceiver is far enough away from the transmitter 
to avoid overloading. The hum level should be 
low compared with the vont' at 100-per-cent mod-
ulation. Hum may come either from the speech 
amplifier and modulator or from the r. f, seetion 
of the transmitter. Hum from the r.f, section can 
be detected by completely shutting off the modu-
lator; if hum remains when this is done, the 
power-supply filters for one or more of the r, f. 
stages have insufficient smoothing. With a hum-
free carrier, hum introduced by the modulator 
can be checked by turning on the modulator but 
leaving the speech amplifier off; power-supply 
filtering is the likely source of such hum. If earrier 
and modulator are both clean, connect t he speech 
amplifier and observe the increase in hum level. 
If the hum distill tears with the gain contrtil at 
minimum, the hum is being introduced in the 
stage or stages preceding the gain control. The 
microphone u k » may pick up hum, a condition 
that call be checked by removing the microphone 
from t circuit but leaving the first speerh-am-
plifier grid eircuit otherwise unchangeil. A pHs( 
ground (to a cold water pipe, for example) on 
the microphone and speech system usually is 
essential to hum-free operation. 

Spurious Sidebands 

A superheterodyne receiver haying a crystal 
filter is needed for checking spurious sidebands 
outside the normal communication channel. The 
r.f. input to the receiver must be kept low enough, 
by removing the antenna or by adequate sepatta-
tion from the transmitter, to avoid overItta. ling 
and consequent spurious receiver responses. An 
"S"-meter reading of about half scale is satis-
factory. With the crystal filter in its sharpest 
position tune through the region outside the 
normal channel limits (3 to 4 kilocycles ('aeh side 
of the carrier) while another person talks into the 
microphone. Spurious sidebands will I e observed 
as intermittent " clicks" or crackles well away 
from the carrier frequency. Sidebands more than 
3 to 4 kilocycles from the carrier should be of 
negligible strength, compared with the carrier, 
in a properly-modulated 'phone transmitter. The 
causes are overmodulation or nonlinear operation. 
With sine-wave modulation the relative inten-

sity of sidebands can be observed if a tone of 1000 
cycles or so is used, since the crystal filter readily 
can separate frequencies of this order. 'Che 
"S" meter will show how the spurious side fre-
quencies (those spaced more than the modulating 
frequency from the carrier) compare with the 
carrier itself. Without an " S" meter, the a.v.c. 
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should be turned off and the b.f.o. turned on; 
then the r.f. gain should be set to give a moder-
ately strong beat note with the carrier. The 
intensity of side frequencies can he estimated 
from the relative strength of the beats as the 
receiver is tuned through the spit rum adjacent 
to the carrier. 

R.F. in Speech Amplifier 

A small amount of r.f. current in the speech 
amplifier — particularly in the first stage, which 
is most susceptible to such r.f. pick-up — will 
cause overloading and distortion in the low-level 
stages. Frequently also there is a regenerative 
effect which causes an audio-frequency oscillation 
or " howl" to be set up in the audio system. In 
such cases the gain control cannot be advanced 
very far before the howl builds up, even though 
the amplifier may be perfectly stable when the 
r.f. section of the transmitter is not turned on. 
Complete shielding of the mica phone, micro-

phone cord, and speech amplifier is necessary t,o 
prevent r.f. pick-up, and a ground conneetion 
separate from that to which the transmitter is 
connected is advisable. 

• MODULATION MONITORING 
It is always desirable to modulate as fully as 

possible, but 100-per-cent modulation should 
not be exceeded — particularly in the down-
ward direction because harmonic distortion 
will be introduced and the channel width in-
creased. This causes unnecessary interference to 
other stations. The oscilloscope is the best instru-
ment for continuously checking the modulation. 
However, simpler indicators may be used for the 
purpose, once calibrated. 
A convenient indicator, when a Class B modu-

lator is used, is the plate milliammeter in the 
Class B stage, since plate current of the modula-
tor fluctuates with the voice intensity. Using the 
oscilloscope, determine the gain-control setting 
and voice intensity that give 100-per-cent modu-
lation on voice peaks, and simultaneously observe 
the maximum Class B plate-milliammeter read-
ing on the peaks. When this maximum reading is 
obtained, it will suffice to adjust the gain so that 
it is not exceeded. 
A high resistance ( 1000-ohms-per-volt or more) 

rectifier-type voltmeter (copper-oxide or ger-
manium type) also can be used for modulation 
monitoring. It should be connected across the 
output circuit of an audio driver stage where 
the power level is a few watts, and similarly 
calibrated against the oscilloscope to determine 
the reading that represents 100-per-cent modula-
tion. 
The plate millianuneter of the modulated 

r.f. stage also is of value as an indicator of over-
modulation. As explained earlier, the d.c. plate 
current stays constant if the amplifier is linear. 
When the amplifier is overmodulated, especially 
in the downward direction, the operation is no 
longer linear and the average plate current will 

4. 
CLASS-C AMP. 
POWER SUPPLY 

change. A flicker of the pointer may therefore be 
taken as an indication of overmodulation or non-
linearity. However, since it is possible that tire ler 
sf one operating contlitions the plate current will 
remain constant even though the amplifier is 
considerably overmodulated, an indicator of this 
type is not wholly reliable unless it has been 
checked against an oscilloscope. 

Overmodulation Indicators 

Overmodulation on negative peaks is usually 
the worst type, as explained earlier in this chap-
ter. The milliammeter in the negative-peak indi-
cator of Fig. 10-23 will show a reading on each 
peak that carries the instantaneous voltage on a 
plate-modulated amplifier " below zero" — that 
is, negative. The rectifier, F, cannot conduct so 
long as the negative half-cycle of audio output 
voltage is less than the d.c. voltage applied to the 
r.f. tube. 
The inverse-peak-voltage rating of the rectifier 

tube must be at least t wive the d.c. plate voltage 
of the modulated amplifier. The filament trans-
former likewise must have insulation rated to 
withstand twice the d.c. plate voltage. Either 
mercury-vapor or high-vacuum rectifiers can be 
used. The 15-volt breakdown voltage of the 
former will introduce a slight error, since the 
plate voltage must go at least 15 volts negative 
before the rectifier will ionize, but the error is 
inconsequential at plate voltages above a few 
hundred volts. 
The effectiveness of the monitor is improved 

if it indicates at somewhat less than 100-per-cent 
modulation, as it will then warn of the danger of 
overmodulation before it actually occurs. It can 
be adjusted to indicate at any desired modulation 
percentage by making the meter return to a point 
on the power-supply bleeder as shown in the al-
ternative diagram. The by-pass condenser, C, 
insures that the full audio voltage appears across 
the indicator circuit. 

Mod 
Trans To 

Amp. plate 

Power Supply 
ALTERNATIVE METER 

RETURN 

Fig. 10-23— Negative-peak overmodulation indicator. 
The milliammeter MA may be any low-range instru-
ment (up to 0-50 ma. or so). 'I'he inverse-peak-voltage 
rating of the rectifier, / must be at least twice the 
d.c. voltage applied to the plate of the r.f. amplifier. 
The alternative meter-return circuit can be used to indi-
cate modulation in excess of any desired value below 
100 per cent. The reactance of the bv-pass condenser, 
C, at 100 cycles should he small compared with the re-
sistance across which it is connected. An 8-mfd. electro-
lytic condenser will be satisfactory if the resistance it 
shunts is 1000 ohms or more. 
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Frequency and 

Phase Modulation 
Although the most common type of modulation 

is that in which the amplitude of the carrier is 
varied, it is also possible to convey intelligence 
by varying the frequency or phase of the carrier. 
The primary advantage of frequency modu-

lation ( FM) or phase modulation ( PM) over 
amplitude modulation (AM) comes from the 
fact that noise or " statie, - whether natural or 
set up by elect rival machines, is fundamentally 
an amplitude effect . An AM detect eir responds 
to noise just as readily as to the desired modu-
lation on a signal. However, if the receiving 
system responds principally to frequency or 
phase changes and is insensitive to a mplit tie he 
variations, it will give normal reception of : In 
FM or PM signal but noise will be greatly 
reduced. 
The improvement that can be realized by 

using FM or I'M instead of AM depends on 
the strength of the received signal, the char-
acter of the noise, and the way the noise is 
distributed over the receiver passband. In 
general, the wider the channel used the better the 
noise suppression. 
On the lower amateur frequencies FNI and I'M 

are often used because they cause less interference 
than AM in unshielded broadcast receivers in 
the vicinity. 

Frequency Modulation 

Fig. 11-1 is a representation of frequency 
modulation. When a modulating signal is 
applied, the carrier frequency is increased 
during one half-cycle of the modulating signal 
and decreased during the half-cycle of op-
posite polarity. This is indicated in t he draw-
ing by the fact that the r. f. cycles occupy less 
time (higher frequency) when the modulating 
signal is positive, and more time (lower fre-
(luency) when the modulating signal is nega-
tive. The change in the carrier frequency 
(frequency deviation) is proportional to the 
instantaneous amplitude of the modulating 
signal, so the deviation is small when the 
instantaneous amplitude of the modulating 
signal is small, and is greatest when the modu-
lating signal reaches its peak, either positive 
or negative. That is, the frequency deviation 
follows the instantaneous changes in the ampli-
tude of the modulating signal. 

As shown by the drawing, the amplitude of 
the signal does not change during modulation. 

Phase and Frequency 

To understand the difference between FM 
and PM it is necessary to appreciate that the fre-
quency of an alternating current is determined 
by the rate at irh ich its pitase changes. A current 
in which the phase changes rapidly has a higher 
frequency than one in which the phase changes 
slowly. For example, if the phase moves through 
360 degrees in one second the frequency is one 
cycle per second, but if the phase moves 
through 1080 degrees in one second (3 X 360 
degrees) there are three complete cycles in one 
second. 

If the phase of the current in a circuit is 
changed — this might be done by adjusting 
the tuning of an amplifier tank circuit, for 
example — there is an instantaneous frequency 
change during the time that the phase is being 
shifted. The amount of frequency change, or 
deviat ion, depends on how rapidly the phase 
shift is accomplished. It is also dependent 
upon t he total amount of the phase shift. In a 
properly-operating PM system the amount of 
phase shift is proportional to the instantaneous 
amplitude of the modulating signal. The rapid-
ity of the phase shift is directly proportional 
to the frequency of the modulating signal. 
Consequently, t he frequency deviation in PM 
is proportional to both the amplit ude and fre-
quency of the modulating signal. The latter 

I I I 

Waveshape Modulating Siena/ 

N. • 
Fig. 11-1 — Graphical representation of frequency 
modulation. In the unmodulated carrier at A, each r.f. 
cycle occupies the same amount of time. When the 
modulating signal, it, is applied, the radio frequency is 
increased and decreased according to the amplitude and 
polarity of the modulating signal. 
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represents the outstanding difference between 
FM and PM, since in FM the frequency 
deviation is proportional only to the amplitude 
of the modulating signal. 

Modulation Depth 

In FM or PM there is no condition that 
corresponds exactly to overmmlulation in AM. 
"Percentage of modulation" has to be defined 
a little differently for these systems. Practi-
eally, " 100-per-cent modulation" is reached 
when the transmitted signal occupies a channel 
just equal to the bandwidth for which the 
receiver is designed. If the channel occupied is 
wider than the receiver can accept, the re-
ceiver distorts the signal and the end effect is 
much the same as overmodulation in AM. 
However, on another receiver designed for a 
different bandwidth the same signal might be 
equivalent to only 25-per-cent modulation. 

In amateur work no specifications have been 
set up for channel width except in the case of 
"narrow-band" FM or I'M (frequently ab-
breviated NFM), where the ehannel width is 
defined as being the saine as t hat of a properly-
modulated AM signal. That is, the channel 
width for NFM does not exceed twice the high-
est audio frequency in the modulating signal. 
N FM transmissions based on an upper audio 
limit of 3000 cycles therefore should occupy a 
channel no wider than 6 ke. 

FM and PM Sidebands 

It might be surmised that the channel 
occupied by an FM or PM signal is no greater 
than the frequency deviation on both sides 
of the carrier. Sbnilar reasiniing applied to 
amiilitude modulation would lead to t he 
conclusion that an AM signal takes up 
no more space than the carrier alone, 
since only the amplitude of the carrier 
varies. However, the fact is that both 
FM and PM set up sidebands, just as 
AM (loes. In the ease of FM and PM, 
single-tone modulation sets up a whole 
series of pairs of side frequencies spaced at 
intervals equal to the modulating fre-
queney, whereas in AM there is only one 
pair of side frequencies. 
The number of " extra" sidebands 

that occur in FM and PM depends on 
the relationship between the modulai i ng 
frequency and the carrier frequency 
deviation. The ratio between the fre-
quency deviation, in cycles per second, 
and the modulating frequency, also in 
cycles per second, is called the modulation 
index. That is, 

Carrier frequency deviation 
Modulation index— 

_Undulating frequency 

Example: The maximum frequency deviation 
in an FM transmitter is 3000 cycles either side 
of the carrier frequency. The modulation index 
when the modulating frequency is 1000 cycles is 

3000 
Modulation index = — = 3 

1000 

LO 20 
MODULATION INDEX 

At the sanie deviation with 3000-cycle modula-
tion the index would he l; at 100 cycles it would 
be 30, and so on. 

The modulation index is also equal to the 
phase shift in radians. In PM the index is 
constant regardless of the modulating fre-
quency; in FM it varies with the modulating 
frequency, as shown in the previous example. 
An FM system is identified by its limiting modu-
lation index — that is, the ratio of the maximum 
carrier-frequency deviation to the highest modu-
lating frequency used — which is called the 
deviation ratio. 

Fig. 11-2 shows how the amplitudes of the 
carrier and the various sidebands vary with 
the modulation index. This is for single-tone 
modulation; the first sideband (actually a pair, 
one above and one below the carrier) is dis-
placed from the carrier by an amount equal to 
the modulating frequency, the second is twice 
the modulating frequency away from the 
carrier, and so on. For example, if the modu-
lating frequency is 2000 cycles and the carrier 
frequency is 29,500 ke., the first sideband pair 
is at 29,498 kc. and 29,502 ke., the second pair 
is at 29,496 ke. and 29,504 ke., the third at 
29,494 ke. and 29,506 ke., etc. The amplitudes 
of these sidebands depend on the modulation 
index, not on the frequency deviation. In AM, 
regardless of the percentage of modulation (so 
long as it does not exceed 100 per cent) the 
sidebands would appear only at 29,498 and 
29,502 ke. under the same conditions. 

Note that, as shown by Fig. 11-2, the carrier 
strength varies with the modulation index. 
(In amplitude modulation the carrier strength 
is constant; only the sideband amplitude 

3.0 

Pig. 11-2 — lins the iimplititile of the pair. of sidehands varies 
is jilt ihe iii, ,dulati)))) index in an FNI or PNI signal. If the curses 
is Ire extended for greater values of modulation index it would be 
seen that the carrier amplitude goes through zero at ses eral 
point:. The same statement also applies to the sidebands. 

varies.) At a modulation index of approxi-
mately 2.4 the carrier disappears entirely and 
then becomes "negative" at a higher index. 
This simply means that its phase is reversed as 
compared to the phase without modulation. 
In FM and PM the energy that goes into the 
sidebands is taken from the carrier, the bdit/ 
power remaining the same regardless of the 
modulation index. In AM the sideband power 
is supplied by the modulator in the case of 
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plate modulation, and by varying the power 
input and efficiency in the case of grid-bias 
modulation. 
The curves of Fig. 11-2 can be carried out 

to considerably higher modulation indexes, in 
which case it will be discovered that more and 
more additional sidebands are set up and 
that the carrier goes through several "zeros" 
and reversals in phase. 

Frequency Multiplication 

In frequency or phase modulation there is no 
change in the amplitude of the signal with 
modulation, consequently an FM or PM sig-
nal can be amplified by an ordinary Class C 
amplifier without distortion. The modulation 
can take place in a very low-level stage and 
the signal can then be amplified by either 
frequency multipliers or straight amplifiers. 
The audio power required for modulating an 
FM or PM transmitter is negligible. 

If the modulated signal is passed through 
one or more frequency multipliers, the modula-
tion index is multiplied by the same factor 
that the carrier frequency is multiplied. For 
example, suppose that modulation is applied on 
3.5 Mc. and the final output is on 28 Me. The 
total frequency multiplication is 8 times, so 
if the frequency deviation is 500 cycles at 3.5 
Mc., it will be 4000 cycles at 28 Mc.. Frequency 
multiplication offers a means for obtaining 
practically any desired amount of frequency 
deviation, whether or not the modulator itself 
is capable of giving that much deviation 
without distortion. 
Where FM or PM is used in crowded 

'phone bands ( particularly below 29 Mc.) it is 
of utmost importance that the transmissions 
should occupy a channel no wider than would 
be oveupied by an A M signal. It is evident 
from Fig. 11-2 that this requirement can be 
met only by using a relatively small modu-
lation index. It must be realized that the higher-
order sidebands always are present, even at 
very small indexes. If the modulation index 
(with single-tone modulation) does not ex-
ceed about 0.6 the most important extra 
sideband, the second, will be at least 20 db. 
below the unmodulated carrier level, and this 
should represent an effective channel width 
about equivalent to that of an AM signal. In 
the case of speech, a somewhat higher modula-
tion index can be used. This is because the 
energy distributi.in in a complex wave is such 
that the modulation index for any one fre-
quency component is reduced, as compared to 
the index with a sine wave having the same peak 
amplitude as the voice wave. 
The chief advantage of narrow-band FM or 

PM for frequencies below 30 Mc. is that it elimi-
nates or reduces certain types of interference 
to broadcast reception. Also, the modulating 
equipment is relatively simple an -I inexpensive. 
However, assuming the same unmodulated 
carrier power in all eases, narrow-band FM 
or PM is not as effective as AM. As shown 

by Fig. 11-2, at an index of 0.6 the ampli-
tude of the first sideband is about 25 per cent 
of the unmodulated-carrier amplitude; this 
compares with a sideband amplitude of 50 per 
cent in the case of a 100-per-cent modulated 
AM transmitter. In other words, so far as 
effectiveness is concerned, a narrow-band FM 
or PM transmitter is about equivalent to a 
100-per-cent modulated AM transmitter op-
erating at one-fourth the carrier power. 

Comparison of FM and PM 

The methods used by amateurs for the 
reception of FM or PM signals (see receiving 
chapter) are for the most part better adapted to 
frequency modulation than to phase modula-
tion. On a receiver properly adjusted for FM 
reception the outstanding difference between 
the two systems is that FM sounds natural, 
while a PM signal lacks " lows." This is because, 
for a given receiver bandwidth, the audio 
output from a receiver set for FM reception is 
proportional to the frequency deviation. In 
FM transmission the deviation is the saine for 
all audio frequencies of the saine amplitude, 
but in PM the deviation is proportional to the 
audio frequency. Hence if a 3000-cycle modu-
lating signal of given amplitude results in a 
certain frequency deviation, a 100-cycle modu-
lating signal of the sana. amplitude will give 
only one-thirtieth as much deviation. The 
crystal-filter receiving met hod described in 
the receiving chapter overcomes this, but is not 
used by many amateurs because the adjustment 
is somewhat critical. 

Frequency modulation cannot be applied to 
an amplifier stage, but phase modulation van. 
PM is therefore readily adaptable to t rti is-

niitters employing oscillators of high : mhiliiy 
such as the crystal-controlled type. The 
amount of phase shift that can be obt:ii med 
with good linearity is limited to about ()ruc-
he radian; in other words, the maximum 
practicable modulation index is 0.5 at the 
radio frequency at which the modulation takes 
place. Because the phase shift is proportional 
to the modulating frequency, this index can 
be used only at the highest frequency present 
in the modulating signal, assuming that all 
frequencies will at one time or another have 
equal amplitudes. Taking 3000 cycles as a 
suitable upper limit for voice work, and 
setting the modulation index at 0.5 for 3000 
cycles, the frequency response of the speech-
amplifier system above 3000 cycles must be 
sharply attenuated, to prevent sideband splat-
ter. Also, if the " tinny" quality of PM as 
received on an FM receiver is to be avoided, 
the PM must be changed to FM, in which 
the modulation index decreases in inverse 
proportion to the modulating frequency. This 
requires shaping the speech-amplifier fre-
quency-response curve in such a way that the 
output voltage is inversely proportional to 
frequency, at least over the voice range. When 
this is done the maximum modulation index 
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can only be used at the lowest audio frequency, 
approximately 100 cycles in voice transmis-
sion, and must decrease in proportion to the 
increase in frequency. The result is that the 
maximum linear frequency deviation is only 
about 50 cycles, when PM is changed to FM. 
To increase the deviation to 3000 cycles re-
quires a frequency multiplication of 3000/50, 
or 60 times. 

In contrast, it is relatively easy to secure a 
fairly- large frequency deviation when a self-
controlled oscillator is frequency-modulated 
directly. (True frequency modulation of a 
crystal-controlled oscillator results in only 
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very small deviations and so requires a great 
deal of frequency multiplication.) The chief 
problem is to maintain a satisfactory degree of 
carrier stability, since the greater the in-
herent stability of the oscillator the more 
difficult it is to secure a wide frequency swing 
with linearity. However, it is possible, with a 
compromise design, to secure a frequency 
deviation of 3000 cycles at all amateur fre-
quencies on which FM is permitted. It is very 
easy to do so at 14 Mc. and higher, especially 
when the oscillator frequency is such that a 
frequency multiplication of 4 or more is pos-
sible. 

Methods of Frequency and Phase Modulation 

• FREQUENCY MODULATION 

The simplest and most satisfactory device 
for amateur FM is the reactance modulator. 
This is a vacuum tube connected to the r.f. 
tank circuit of an oscillator in such a way as to 
act as a variable inductance or capacitance. 
Fig. 11-3 is a representative circuit. The con-
trol-grid circuit of the 6L7 tube is connected 
across the small capacitance, C1, which is in 
series with the resistor, RI, across the oscil-
lator tank circuit. Any type of oscillator cir-
cuit may be used. The resistance of R1 is made 
large compared to the reactance of Ci, so the 
r.f. current through Kiel will be practically in 
phase with the r.f. voltage appearing at the 
terminals of the tank circuit. However, the 
voltage across CI will lag the current by 90 
degrees. The r.f. current in the plate circuit of 
the 6L7 will be in phase with the grid voltage, 
and consequently is 90 degrees behind the 
current through C1, or 90 degrees behind the 
r.f. tank voltage. This lagging current is drawn 
through the oscillator tank, giving the saine 
effect as though an inductance were connected 
across the tank. The frequency increases in 
proportion to the amplitude of the lag-
ging plate current of the modulator. The 
value of plate current is determined by 
the voltage on the No. 3 grid of the 6L7; 
hence the oscillator frequency will vary 
when an audio signal voltage is applied 
to the No. 3 grid. 

If, on the other hand, C1 and R1 are 
interchanged and the reactance of C1 is 
made large compared to the resistance of 
RI, the r.f. current in the 6L7 plate cir-
cuit will lead the oscillator-tank r.f. volt-
age, making the reactance capacitive 
rather than inductive. 
A circuit using a receiving-type r.f. 

pentode of the high-transconductance 
type, such as the 6807, is shown in Fig. 
11-4. In this case, both r.f. and audio are 
applied to the control grid. The audio 
voltage, introduced through a radio-
frequency choke, RFC, varies the trans-
conductance of the tube and thereby 
varies the r.f. plate current. The capaci-

Toned 
Tank 

111 — 
1(3 — 

C — 
C3-
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tance Cg corresponds to C1 in Fig. 11-3; it rep-
resents the input capacitance of the tube. (It is 
possible, also, to omit C1 from Fig. 11-3 and 
depend upon the input capacitance of the 6L7 
instead; the only disadvantage is that there is 
then no control over the modulator sensitivity. 
Likewise, a 3-30-apfd. trimmer condenser can 
be connected at Cg in Fig. 11-4 to permit con-
trolling the sensitivity.) In Fig. 11-4 the r.f. 
circuit is series-fed, which is advantageous if 
the r.f. tube and the modulator can be operated 
at the saine plate voltage. The use of different 
plate voltages on the two tubes calls for the 
parallel-feed arrangement shown in Fig. 11-3. 
The modulated oscillator usually is operated 

on a relatively low frequency, so that a high 
order of carrier stability can be secured. Fre-
quency multipliers are used to raise the fre-
quency to the final frequency desired. The 
frequency deviation increases with the number 
of times the initial frequency is multiplied; for 
instance, if the oscillator is operated on 6.5 
Me. and the output frequency is to be 52 Mc., 
an oscillator frequency deviation of 1000 cycles 
will be raised to 8000 cycles at the output 
frequency. 

2 

CI 

R2 R3 

+8 

R4 

Ci 

4-8 

RFC 

C, 

A F Input 

R5 -= 

11-3 — Reactance.modulator circuit wing a 61.7 tube. 
R.f. tank capacitance. Ci — 3.30 piard. C2 — 220 ma fil. 
8.afd. electrolytic ( a.f. by-pip.) in parallel mitli 

paper (r.f. 
10.5fd. electrolytic in parallel with 0.01-gfd. paper. 

It.f. tank inductance. R2, l( n — 0.47 megolun. 
47,000 ohnv, R4 — 330 ohm:. 
33,000 oluni. FC — 2.5 mh. 
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A reactance modulator can be connected to 

a crystal oscillator as well as to the self-
controlled type. However, the resulting signal 
is more phase-modulated than it is frequency-
modulated, for the reason that the frequency 
deviation that can be secured by varying the 
tuning of a crystal oscillator is quite small. 

V 

Cl 

+13 

R3 
c, 

R4 C5 C, 

R. 

RFC 

taken by the modulator grid usually is small — 
not more than 10 or 15 volts, even with large 
modulator tubes. Because of these modest re-
quirements, only a few speech stages are need-
ed; a two-stage amplifier consisting of a pentode 
followed by a triode, both resistance-coupled, 
will more than suffice for crystal microphones. 

Al Input 

— - I R2 

Fig. 114 — Reactance modulator using a high-trans. 
conductance pentode (6SG7, 6AG7, etc.). 
CI — R.f. tank capacitance (see text). 
Ca, a — 0.001-dd. mica. 
C4, Cs, C6 — 0.0047.dd. mica. 
C7 — 10.5fd. electrolytic. 
Cs — Tube input capacitance (see text). 
— 47,000 ohms. 

112 — 0.47 megohm. 
R3 — Screen dropping resistor; select to give proper 

screen voltage on type of modulator tube used. 
R4 — Cathode bias resistor; select as in case of R3. 
Li — R.f. tank inductance. 
RFC — 2.5.mh. r.f. choke. 

Design Considerations 

The sensitivity of the modulator (frequency 
change per unit change in grid voltage) depends 
on the transconductance of the modulator 
tube. It increases when C1 in Fig. 11-3 (or Cg in 
Fig. 11-4) is made smaller, for a fixed value of 
RI, or when R1 is made smaller in comparison 
with C1. It also increases with an increase in 
L1C ratio in the oscillator tank circuit. Since 
the carrier stability of the oscillator depends 
on the L/C ratio, it is desirable to use the 
highest tank capacitance that will permit the 
desired deviation to be secured while keeping 
within the limits of linear operation. When the 
circuit of Fig. 11-3 is used in connection with a 
7-Mc. oscillator, a linear deviation of 1500 cycles 
above and below the carrier frequency can be se-
cured when the oscillator tank capacitance is 
approximately 200 pisfd. A peak a.f. input of two 
volts is required for full deviation. 
A change in any of the voltages on the modu-

lator tube will cause a change in r.f. plate cur-
rent, and consequently a frequency change. 
Therefore it is advisable to use a regulated plate 
power supply for both modulator and oscilla-
tor. At the low voltages used (250 volts) the 
required stabilization can be secured by means 
of gaseous regulator tubes. 

Speech Amplification 

The speech amplifier preceding the modu-
lator follows ordinary design, except that no 
power is required from it and the a.f. voltage 

PHASE MODULATION 

The same type of reactance-tube circuit 
that is used to vary the tuning of the oscilla-
tor tank in FM can be used to vary the tun-
ing of an amplifier tank and thus vary the 
phase of the tank current for PM. Hence the 
modulator circuits of Figs. 11-3 and 11-4 can 
be used for PM if the reactance tube works 
on an amplifier tank instead of directly on a 
self-controlled oscillator. 
The phase shift that occurs when a circuit 

is detuned from resonance depends on the 
amount of detuning and the Q of the circuit. 
The higher the Q, the smaller the amount of 
detuning needed to secure a given number of 
degrees of phase shift. If the Q is at least 10, 
the relationship between phase shift and de-
tuning (in kilocycles either side of the resonant 
frequency) will be substantially linear over a 
range of about 25 degrees. From the stand-
point of modulator sensitivity, the Q of the 
tuned circuit on which the modulator operates 
should be as high as possible. On the other 
hand, the effective Q of the circuit will not be 
very high if the amplifier is delivering power 
to a load, since the load resistance reduces the 
Q. There must therefore be a compromise be-
tween modulator sensitivity and r.f. power out-
put from the modulated amplifier. An optimum 
figure for Q appears to be about 20; this 
allows reasonable loading of the modulated 
amplifier and the necessary tuning variation 
can be secured from a reactance modulator 
without difficulty. It is advisable to modulate 
at a very low power level — preferably in a 
transmitter stage where receiving-type tubes 
are used. 

Reactance modulation of an amplifier stage 
usually also results in simultaneous amplitude 
modulation. This must be eliminated by feed-
ing the modulated signal through an amplitude 
limiter or one or more " saturating" stages — 
that is, amplifiers that are operated Class C 
and driven hard enough so that variations in 
the amplitude of the grid excitation produce 
no appreciable variations in the final output 
amplitude. 

For the same type of reactance modulator, 
the speech-amplifier gain required is the same 
for PM as for FM. However, as pointed out 
earlier, the fact that the actual frequency 
deviation increases with the modulating audio 
frequency in PM makes it necessary to cut off 
the frequencies above about 3000 cycles before 
modulation takes place. If this is not done, 
unnecessary sidebands will be generated at 
frequencies considerably away from the carrier. 
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Reactance-Modulator Unit for Narrow-Band FM 
The FM speech-amplifier and modulator 

unit shown in Figs. 11-5 and 11-6 uses a 
pentode reactance modulator in a circuit which 
is basically that of Fig. 11-4. It differs only 
in the detail that the audio signal is applied to 
the control grid in parallel wit h the r.f. voltage 
from the oscillator, instead of the series-feed 
arrangement shown in Fig. 1 Because of 
the parallel feed, resistor 114 is incorporated in 
the circuit to prevent r.f. from appearing in the 
plate circuit of the speech-amplifier tube. 
The unit uses miniature tubes for the sake or 

making a compact assembly that can H 
mounted in any convenient spot near the VF'() 
tuned circuit. In Fig. 11-5 it is shown 
mounted on the outside of the VFO case. 
When this type of mounting is used the unit 
should be placed so that the lead between the 
VFO tuned circuit and the modulator is as 
short as possible. If there is space available, it 
is preferable to mount the unit inside the VFO 
cabinet. 
The chassis for the unit is 4 inches long by 2 

inches wide, and has a mounting lip 2 inches 
deep. As shown in the photographs, it is formed 
from a piece of aluminum with the edges turned 
over to stiffen it. The various com-
ponents are easily accommodated 
underneath. The r.f. leads should be 
kept short and separated as much as 
possible from the audio and power-
u pffly wi 
Filament and plate power can usu-

ally be taken from the VFO supply, 
since the total plate current is only a 
few milliamperes. Filament current 
required is 0.6 amp. The microphone 
input is carried through a shielded lead 

Fig. 11-.5 — Miniature reactance modulator that can 
be used with any VFO. The shielded lead is for micro-
phone input; the other two wires bring in filament and 

plate supply. 

to the unit, thus the microphone connector can 
be placed in any convenient location on the 
VFO unit itself. Once the proper setting of the 

11.6— L zoleroca th the modulator unit. The r.f. 

e .ction to the VFO goes through the feed-through 

bushing at the left. 

gain control is found it need not be touched 
again, so screwdriver adjustment is quite 
adequate. 
The adjustment of reactance modulators is 

discussed in a later section in this chapter. 

Speech Amp. 
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Fig. 11-7 — Circuit diagram of the narrow-band FM 
modulator unit. 

— 680-µµfd. mica. 
C2. C4— 0.011-µfd. paper, 400 volts. 
C3 0.025-gfd. paper, 200 oils. 

Co. Cs — 47-pµfd. mica. 

RI — 1.2 tnegoluns, 2 watt. 
112, R— 0.22 mcgohm, ,1.¡ watt. 
113 — 11. -,-Irtegohm potentiometer. 
R.— 11.1 megohm, !/¡ watt. 
Its — 11,.1,no ohms, I watt. 

Ro — IT megolun, watt. 

117 — 390 ohms, 3,2 watt. 

RFC — 2.5-mh. r.f. choke. 
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Checking FM and PM Transmitters 
Accurate checking of the operation of an 

FM or PM transmitter requires different 
methods than the corresponding checks on an 
AM set. This is because the common forms of 
measuring devices either indicate amplitude 
variations only (a d.c. milliammeter, for ex-
ample), or because their indications are most 
easily interpreted in terms of amplitude. There 
is no simple instrument that indicates frequency 
deviation in a modulated signal directly. 

However, there is one favorable feature in 
FM or PM checking. The modulation takes 
place at a very low level and the stages follow-
ing the one that is modulated do not affect the 
linearity of modulation so long as they are 
properly tuned. Therefore the modulation may 
be checked without putting the transmitter on the 
air, or even on a dummy antenna. The power is 
simply cut off the amplifiers following the 
modulated stage. This not only avoids unneces-
sary interference to other stations during test-
ing periods, but also keeps the signal at such a 

B To Mod Grid 
Reos lot 

Fig. 11-8 — D.c. method of checking frequency devia-
tion of a reactance-tube-modulated oscillator. A 500-
or 1000-ohm potentiometer may be used at R. 

low level that it may be observed quite easily 
on the station receiver. A good receiver with a 
crystal filter is an essential part of the checking 
equipment of an FM or PM transmitter, par-
ticularly for narrow-band FM or I'M. 
The quantities to be checked in an FM or PM 

transmitter are the linearity and frequency 
deviation. Because of the essential difference 
between FM and PM the methods of checking 
differ in detail. 

Reactance-Tube FM 

It was explained earlier that in FM the fre-
quency deviation is the same at any audio mod-
ulation frequency if the audio signal amplitude 
does not vary. Since this is true at any audio 
frequency it is true at zero frequency. Conse-
quently it is possible to calibrate a reactance 
modulator by applying an adjustable d.c. 
voltage to the modulator grid and noting the 
change in oscillator frequency as the voltage 
is varied. A suitable circuit for applying the 
adjustable voltage is shown in Fig. 11-8. The 
battery, B, should have a voltage of 3 to 6 
volts (two or more dry cells in series). The 
arrows indicate clip connections so that the 
battery polarity can be reversed. 
The oscillator frequency deviation should be 

measured by using a receiver in conjunction 
with an accurately-calibrated frequency meter, 
or by any means that will permit accurate 

measurement of frequency differences of a few 
hundred cycles. One simple method is to tune 
in the oscillator on the receiver (disconnecting 
the receiving antenna, if necessary, to keep the 
signal strength well below the overload point) 
and then set the receiver b.f.o. to zero beat. 
Then increase the d.c. voltage applied to the 
modulator grid from zero in steps of about M 
volt and note the beat frequency at each 
change. Then reverse the battery terminals and 
repeat. The frequency of the beat note may be 
measured by comparison with a calibrated 
audio-frequency oscillator, or by comparison 
with a piano or other musical instrument 
(see miscellaneous data chapter for frequencies 
of musical tones). Note that with the bat-
tery polarity positive with respect to ground 
the radio frequency will move in one direction 
when the voltage is increased, and in the other 
direction when the battery terminals are re-
versed. When a number of readings has been 
taken a curve may be plotted to show the re-
lationship between grid voltage and frequency 
deviation. 
A sample curve is shown in Fig. 11-9. The 

usable portion of the curve is the center part 
which is essentially a straight line. The bending 
at the ends indicates that the modulator is no 
longer linear; this departure from linearity will 
cause harmonic distortion and will broaden the 
channel occupied by the signal. In the ex-
ample, the characteristic is linear 1.5 kc. on 
either side of the center or carrier frequency. 
This is the maximum deviation permissible at 
the frequency at which the measurement is 
made. At the final output frequency the devia-
tion will be multiplied by the same number of 
times that the measurement frequency is mul-
tiplied. This must be kept in mind when the 
check is made at a frequency that differs from 
the output frequency. 
A good modulation indicator is a "magic-

eye" tube such as the 6E5. This should be con-
nected across the grid resistor of the reactance 
modulator as shown in Fig. 11-10. Note its de-
flection (using the d.c. voltage method as in 

2000 

g 1000 
t 

g I 
.g 

79-à 

.; 1000 

2000 
-3 -2+  

Grid-Voltage Deviation 
From Operating Bus 

Fig. 11-9 — A typical curve of frequency deviation vs. 
modulator grid voltage. 
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Fig. 11-8) at the maximum deviation to be 
used. This deflection represents " 100-per-cent 
modulation" and with speech input the gain 
should be kept at the point where it is just 
reached on voice peaks. If the transmitter is 
used on more than one band, the gain control 
should be marked at the proper setting for 
each band, because the signal amplitude that 
gives the correct deviation on one band will 
be either too great or too small on another. For 
narrow-band FM the proper deviation is ap-
proximately 2000 cycles (based on an upper 
a.f. limit of 3000 cycles and a deviation ratio 
of 0.7) at the final output frequency. If the out-
put frequency is in the 29-Mc, band and the 
oscillator is on 7 Mc., the deviation at the 
oscillator frequency should not exceed 2000/4, 
or 500 cycles. 

Checking with a Crystal-Filter Receiver 

With PM the d.c. method of checking just 
described cannot be used, because the fre-
quency deviation at zero frequency also is zero. 
For narrow-band PM it is necessary to check 
the actual width of the channel occupied by the 
transmission. (The same method also can be 
used to check FM.) For this purpose it is 
necessary to have a crystal-filter receiver and 
an al. oscillator that generates a 3000-cycle 
sine wave. 

To Grid 

I Met 

Speech- Amp 
Cain Control 

+250V 

Fig. 11-10 — 6E5 modulation indicator for FM or PM 
modulators. To insure sufficient grid voltage for a good 
deflection, it may be necessary to connect the gain 
control in the modulator grid circuit rather than in an 
earlier speech-amplifier stage. 

Keeping the signal intensity in the receiver 
at a medium level, tune in the carrier at the out-
put frequency. Do not use the a.v.c. Switch on 
the beat oscillator, and set the crystal filter at 
its sharpest position. Peak the signal on the 
crystal and adjust the b.f.o. for any convenient 
beat note. Then apply the 3000-cycle tone to 
the speech amplifier (through an attenuator, 
if necessary, to avoid overloading; see chapter 
on audio amplifiers) and increase the audio 
gain until there is a small amount of modula-
tion. Tuning the receiver near the carrier 
frequency will show the presence of sidebands 
3 kc. from the carrier on both sides. With 
low audio input, these two should be the only 
sidebands detectable. 
Now increase the audio gain and tune the 

receiver over a range of about 10 kc. on both 
sides of the carrier. When the gain becomes high 
enough, a second set of sidebands spaced 6 kc. 
on either side of the carrier will be detected. 

The signal amplitude at which these sidebands 
become detectable is the maximum speech am-
plitude that should be used. If the 6E5 modula-
tion indicator is incorporated in the modulator, 
its deflection with the 300u-cycle tone will 
be the " 100-per-cent modulation" deflection 
for speech. 
When this method of checking is used with a 

reactance-tube modulated FM (not PM) trans-
mitter , the linearity of the system can be 
checked by observing the carrier as the a.f. gain 
is slowly increased. The beat-note frequency 
will stay constant so long as the modulator 
is linear, but nonlinearity will be accompanied 
by a shift in the average carrier frequency 
that will cause the beat note to change in 
frequency. If such a shift occurs at the same 
time that the 6-kc. sidebands appear, the extra 
sidebands may be caused by modulator dis-
tortion rather than by an excessive modulation 
index. This means that the modulator is not 
able to shift the frequency over a wide-enough 
range. The 6-kc. sidebands should appear 
before there is any shift in the carrier frequency. 

R.F. Amplifiers 

The r.f. stages in the transmitter that follow 
the modulated stage may be designed and ad-
justed as in ordinary operation. In fact, there 
are no special requirements to be met except 
that all tank circuits should be carefully tuned 
to resonance (to prevent unwanted r.f. phase 
shifts that might interact with the modulation 
and thereby introduce hum, noise and dis-
tortion). In neutralized stages, the neutraliza-
tion should be as exact as possible, also to 
minimize unwanted phase shifts. With FM and 
PM, all r.f. stages in the transmitter can be 
operated at the manufacturer's maximum 
c.w.-telegraphy ratings, since the average 
power input does not vary with modulation as 
it does in AM 'phone operation. 
The output of the transmitter should be 

checked for amplitude modulation by observ-
ing the antenna current. It should not change 
from the unmodulated-carrier value when the 
transmitter is modulated. If there is no an-
tenna ammeter in the transmitter, a flashlight 
lamp and loop can be coupled to the final tank 
coil to serve as a current indicator. If the car-
rier amplitude is constant, the lamp brilliance 
will not change with modulation. 
Amplitude modulation accompanying FM 

or PM is just as much to be avoided as fre-
quency or phase modulation that accompanies 
AM. A mixture of AM with either of the other 
two systems results in the generation of spuri-
ous sidebands and consequent widening of the 
channel. If the presence of AM is indicated by 
variation of antenna current with modulation, 
the cause is almost certain to be nonlinearity in 
the modulator. In very wide-band FM the selec-
tivity of the transmitter tank circuits may cause 
the amplitude to decrease at high deviations, 
but this is not likely to occur on amateur fre-
quencies at which wide-band FM would be used. 



CHAPTER 12 

Reduced-Carrier and 
Single-Sideband 
Transmitting Techniques 
The most significant development in amateur 

radiotelephony in the past several years has been 
the increased use of single-sideband suppressed-
carrier transmissions. This system has tremen-
dous potentialities for increasing the effectiveness 
of 'phone transmission and for reducing inter-
ference. Because only one of the two sidebands 
normally produced in modulation is transmitted, 
the channel width is immediately cut in half. 
llowever, when only one sideband is transmitted 
the carrier — which is essential in double-side-
band transmission — no longer is necessary; it. 
can be supplied without too much difficulty at the 
receiver. With the carrier eliminated there is a 
great saving in power at the transmitter — or, 
from another viewpoint, a great increase in effec-
tive power output. Assuming that the same final-
amplifier tube or tubes are used either for normal 
AM or for single-sideband, carrier suppressed, it 
can be shown that the use of SS13 gives an effec-
tive gain of at least 9 (II). over AM — equivalent 
to increasing the transmitter power 8 times. 
Eliminating the carrier also eliminates the hetero-
dyne interference that wrecks so much communi-
cation in congested 'phone bands. 

• SUPPRESSING THE CARRIER 
The carrier can be suppre›l or nearly elimi-

nated by an extremely sharp filter or by using a 
balanced modulator. The basic principle in any 
balanced modulator is to introduce the carrier in 
such a way that it does not appear in the output 
but so that the sidebands will. This requirement 
is satisfied by introducing the audio in push-pull 
and the r.f. drive in parallel, and connecting the 
output (plate circuit) of the tubes in push-pull, 
as shown in Fig. 12- IA. Balanced modulators 
can also be connected with the r.f. drive and 
audio inputs in push-pull and the output in 
parallel ( Fig. 12-113) with equal effectiveness. The 
choice of a balanced modulator circuit is generally 
determined by constructional considerations and 
the method of modulation preferred by the 
builder. Screen-grid modulation is shown in the 
examples in Fig. 12-1, but control-grid or plate 
modulation can be used equally as well. Balanced-
modulator circuits using four rectifiers ( germa-
nium, copper oxide, or thermionic) in " bridge" or 
"ring" circuits are often used, particularly in 
commercial applications. 

In any of the circuits, there will be no output 
with no audio signal because the circuits are bal-
anced. The signal from one tube is balanced or 
cancelled in the output circuit by the signal from 
the other tube. The circuits are thus balanced for 
any value of parallel audio signal. When push-pull 
audio is applied, the modulating voltages are of 

R F 
Excitaten 

(B) 
Modulatinq 

Bias 

0 -- 1 F 

f - F 

RFC 

f÷F 

f-R 

Fig. 12-1 — Two examples of bu anced-modulator cir-
cuits using screen-grid modulation. In A the r.f. excita-
tion is in parallel in both tubes, and the audio and out-
put are in push-pull. In B the excitation and audio are 
in push-pull, the output is in parallel. In either case, the 
carrier frequency, f, does not appear in the output cir-
cuit — only the two sideband frequencies, f F and 
f — F, will appear. The bias fed to the screens is a 
practical requirement with all screen-grid tubes for 
proper linear operation, and is not a special requirement 
of balanced modulators. 
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opposite polarity, and one tube will conduct more 
than the other. Since any modulation process is 
the same as " mixing" in receivers, sum and dif-
ference frequencies (sidebands) will be generated. 
The modulator is not balanced for the side-
bands, and they will appear in the output. 
The amount of carrier suppression is dependent 

upon the matching of the two tubes and their 
associated circuits. Normally two tubes of the 
same type will balance closely enough to give at 
least 15 or 20 db. carrier suppression without any 
adjustment. If further suppression is required, 
trimmer condensers to balance the grid-plate 
capacities and separate bias adjustments for set-
ting the operating points can be used. 

• DOUBLE-SIDEBAND REDUCED-
CARRIER TRANSMISSIONS 

Double-sideband reduced-carrier signals, ob-
tained by unbalancing a balanced modulator 
sufficiently to allow some carrier to appear in the 
output, offer a number of advantages over con-
ventional AM signals: considerably higher effi-
ciency, where efficiency is defined as the ratio 
of sideband (useful) power output to total power 
input; high output with comparatively little 
audio power; and a considerable, reduction in 
heterodyne interference. The signal can be re-
ceived by ordinary methods, and merely sounds 
as though it had "a lot of modulation for the 
carrier." 

In ordinary amplitude-modulated systems, the 
sideband amplitude can never exceed 0.5 the 
carrier amplitude without generating spurious 
side frequencies (when sine-wave modulation is 
used). Under these conditions, % of the total 
power is in the carrier and is in the sidebands. 
however, with DSRC, generated by the un-
balancing of a balanced modulator, it is possible 
to have any amplitude of sidebands without 
generating spurious side frequencies. In praetical 
tests it has been found that a modulation factor 
of 4 is perfectly practical, and the distortion 
under normal demodulation is not enough to 
impair the communication value of the signal. 
Under these conditions, the sideband power is 
2M times as great as could be obtained with 
straight A3 transmission (grid-modulated) with 
the same tubes, or about j4  of what could be 
obtained with the same tubes plate-modulated 
100 per cent. Since the audio-power requirements 
can be kept low, and the no-modulation plate 
current may be only a little more than half of the 
full-signal plate current, the advantages of DSRC 
are obvious for work where the total power avail-
able is limited, as in mobile or portable work. 
A DSRC signal can be generated at a low power 

levekand amplified in a linear amplifier (discussed 
later in this chapter). Under these conditions, a 
relatively powerful signal can be obtained with a 
minimum of audio power and total power input. 

(For further information on DSRC, see Gram-
mer, " D.S.R.C. Radiotelephony," QST, May, 
1951, and Grammer, " Practical D.S.R.C. 
Transmitter Design," QST, June, 1951.) 

• SINGLE-SIDEBAND GENERATORS 
Two basic systems for generating SSB signals 

are shown in Fig. 12-2. One involves the use of a 
bandpass filter having sufficient selectivity to pass 
one sideband and reject the other. Filters having 
such characteristics can only be constructed for 
relatively low frequencies, and most filters used 
by amateurs are designed to work somewhere be-
tween 10 and 20 kc. Good sideband filtering can 
be done at frequencies as high as 500 kc. by using 
multiple-crystal filters. The low-frequency oscil-
lator output is combined with the audio output 
of a speech amplifier in a balanced modulator, 
and only the upper and lower sidebands appear 
in the output. One of the sidebands is passed by 
the filter and the other rejected, so that an SSB 
signal is fed to the mixer. The signal is there 
mixed with the output of a high-frequency r.f. 
oscillator to produce the desired output fre-
quency. For additional amplification a linear r.f. 
amplifier (Class A or Class B) must be used. 

Low-Freq. 
RE 

Oscillator 

Balanced 
Modulator 

A.F. 
Amplifier 

CC= rfAp Frf, e r 

Sideband 
Filler 

Phase-shift 
Network 

High-Freq 
R F 

OscIllator 

Mixer 

j9e Phase Difference 

Balanced 
Metator 

R. F 
Oscillator 

Balanced 
Modulator 

90. R 
Phase 
Shift 
Network 

Linear 
R.E 

Amplifier 

Ltnear 
R F 

Amphfœr 

Fig. 12-2 — Two basic systems for ge 'crating single-
sideband suppressed-carrier signals. 

When the SSB signal is generated at 10 or 20 kc., 
it is generally first heterodyned to somewhere 
around 500 kc. and then to the operating fre-
quency. This simplifies the problem of rejecting 
the " image" frequencies resulting from the 
heterodyne process. The problem of image fre-
quencies in the frequency conversions of SSB 
signals differs from the problem in receivers be-
cause the beating-oscillator frequency becomes 
important. Either balanced modulators or 
sufficient selectivity must be used to eliminate 
the possibility of unwanted radiations. 
The second system is based on the phase rela-

tionships between the carrier and sidebands in a 
modulated signal. As shown in the diagram, the 
audio signal is split into two components that are 
identical except for a phase difference of 90 de-
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grees. The output of the r.f. oscillator (which may 
be at the operating frequency, if desired) is like-
wise split into two separate components having a 
90-degree phase difference. One r.f. and one audio 
component are combined in each of two separate 
balanced modulators. The carrier is suppressed in 
the modulators, and the relative phases of the 
sidebands are such that one sideband is balanced 
out and the other is accentuated in the combined 
output. If the output from the balanced modu-
lators is high enough, such an SSI3 exciter can 
work directly into the antenna, or the power 
level can be increased in a following amplifier. 
Which is the better method of generating an 

SSB signal, the filter or the phasing method, is a 
controversial question. Properly adjusted, either 
system is capable of good results. Arguments in 
favor of the filter system are that it is somewhat 
easier to adjust without an oscilloscope, since it 
requires only a receiver and a v.t.v.m. for align-
ment, and it is more likely to remain in adjust-
ment over a long period of time. The chief argu-
ment against it, from the amateur viewpoint, is 
that it requires quite a few stages and at least one 
frequency conversion after modulation. The 
phasing system requires fewer stages and can be 
designed to require no frequency conversion, but 
its alignment and adjustment are often consid-
ered to be a little " trickier" than that of the filter 
system. This probably stems from lack of fa-
miliarity with the system rather than any actual 
difficulty. In most cases the phasing system will 
cost less to apply to an existing transmitter. 

Regardless of the method used to generate a 
SS13 signal of 5 or 10 watts, the minimum cost 
will be found to be higher than for an AM trans-
mitter of the same low power. However, as the 
power level is increased, the SSB transmitter 
becomes more economical than the AM rig, 1)ot li 
basically and from an operating standpoint. 

• AMPLIFICATION OF SSB SIGNALS 

When an SSB signal is generated at some fre-
quency other than the operating frequency, it is 
necessary to change frequency by heterodyne 
methods. These are exactly the same as those 
used in receivers, and any of the normal mixer 
or converter circuits can be used. One exception 
to this is the case where the original signal and the 
heterodyning oscillator are not too different in 
frequency (as when heterodyning a 20-kc. signal 
to 500 kc.) and, in this case, a balanced mixer 
should be used, to eliminate the heterodyning 
oscillator frequency in the output and thus reduce 
the chances for spurious signals appearing in the 
output. 
To increase the power level of an SSB signal, 

a linear amplifier must be used. The simplest 
form of linear amplifier (r.f. or audio) is the Class 
A amplifier, which is used almost without ex-
ception throughout our receivers and our low-
level speech equipment. While its linearity can be 
made phenomenally good, it is unfortunately 
quite inefficient. The theoretical limit of efficiency 
in this case is 50 per cent, while most practical 

amplifiers run 25-35 per cent efficient at full out-
put. At low levels this is not worth worrying 
about, but when the 2- to 10-watt level is ex-
ceeded something else must be done to improve 
this efficiency and reduce tube, power-supply and 
operating costs. 

Class B amplifiers are theoretically capable of 
78.5 per cent efficiency at full output, and practi-
cal amplifiers run at 60-70 per cent efficiency at 
full output. Tubes normally designed for Class B 
audio work can be used in r.f. linear amplifiers 
and will operate at the same power rating and 
efficiency provided, of course, that the tube is 
capable of operation at the radio frequency. The 
operating conditions for r.f. are substantially the 
same as for audio work — the only difference is 
that the input and output transformers are re-
placed by suitable r.f. tank circuits. Further, in 
r.f. circuits it is readily possible to operate only 
one tube if only half the power is wanted — push-
pull is not a necessity in Class B r.f. work. 
However, the r.f. harmonics will be higher in 
the case of the single-ended amplifier, awl this 
should be taken into consideration if TVI is a 
problem. 

In a few instances, Class B r.f. amplifier ratings 
of tubes are given in the tube books, and the 
efficiency shown will be about 33 per cent. These 
ratings are for use when carrier is present and do 
not apply to SSB suppressed-carrier operation. 
The Class B audio ratings are a better indication 
of what can be expected. 

For proper operation of Class B amplifiers, and 
to reduce harmonics and facilitate coupling, the 
input and output circuits should not have a low 
C-to-L ratio. A good guide to the proper size of 
tuning condenser is Figs. 6-9 and 6-17 and, 
in case of any doubt, it is well to be on the high-
capacity side. If zero-bias tubes are used in the 
Class B stage, it may not be necessary to add 
much " swamping" resistance across the grid 
circuit, because the grids of the tubes load the 
circuit at all times. However, with other tubes 
that require bias, the swamping resistor should 
be such that it dissipates from five to ten times 
the power required by the grids of the tubes. This 
will insure an almost constant load on the driver 
stage and good regulation of the grid voltage of 
the Class B stage. 

Before going into detail on the adjustment and 
loading of the Class B linear amplifier, a few 
general considerations should be kept in mind. If 
proper operation is expected, it is essential that 
the amplifier be so constructed, wired and neu-
tralized that no trace of regeneration or parasitic 
instability remains. Needless to say, this also ap-
plies to the stages driving it. 
The bias supply to the Class B linear amplifier 

should be quite stiff. A Class C stage thrives on 
grid-leak bias, but for really good operation the 
Class B should be supplied from a very stiff 
source, such as batteries or some form of voltage 
regulator. If nonlinearity is noticed when testing 
the unit, the bias supply may be checked by 
means of a large electrolytic capacitor. Simply 
shunt the supply with 100 dd. or so of capacity 
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and see if the lima rit y improves. I i so, rebuild 
the bias supply for better regulation. Do not rely 
on a large condenser alone. 

Adjustment of Amplifiers . 

The two critical adjustments for obtaining 
proper operation from the linear amplifier are 
the plate loading and the grid drive. Since these 
adjustments are preferably made with power on, 
it is a matter of practical convenience to have 
both controls readily available, at least during 
initial tune-up. 

The 'scope can show misadjustment at a glance 
and will greatly facilitate all adjustments. In 
addition, it is the most reliable instrument for 
observing modulation amplitude and, once used, 
is likely to become the most nearly essential in-
strument in the shack. Nothing elaborate is 
needed. 
With single sideband, 100 per cent modulation 

with a single tone is a pure r.f. output with no 
modulation envelope, and the point of amplifier 
overload is difficult to observe. However, if the 
input signal consists of two sine waves of different 
• frequencies (for example, 1000 c.p.s. difference) 
but equal amplitudes, the output of the single-
sideband transmitter should have the envelope 

Fig. 12-3 — Oscilloscope pattern obtained with a two-
tone test signal through a correctly-adjusted linear 
amplifier. 

shown in Fig. 12-3. This is called a " two-tone" 
test signal to distinguish it from other test signals. 
Its first advantage lies in the fact that any flat-
tening of the positive peaks is readily discernible, 
which makes the adjustment of the linear-ampli-
fier drive and output coupling as simple a pro-
cedure as that for AM systems. Flattening of the 
peaks (to be avoided) is illustrated in Fig. 12-4. 
Those who use the filter method for obtaining 

single-sideband signals can obtain such a test 
signal by mixing the output of two audio oscilla-
tors of good waveform. The experimenters using 
the phasing method of single-side-band signal 
generation will recognize the pattern as that ob-
tained when a single test tone is applied to one of 
their balanced modulators. For this latter group 
a two-tone test signal may be readily obtained 
by disabling one of the balanced modulators in 
the exciter and applying a single input tone. 
Other variations are possible in different exciters, 
and the final choice of any one operator will be 
dictated by convenience. 

Suppose that the linear amplifier has been 

coupled to a dummy load and the single-sideband 
exciter has been connected to its input. By ob-
serving the oscilloscope coupled to the amplifier 
output, it will be possible to adjust the drive and 
output coupling so that the peaks of the two-tone 
test signal waveform are on the verge of flatten-

Fig. 12-4 — Flattening of the peaks of the two-tone 
test signal indicates distortion. It is caused by overdrive 
or insufficient plate loading. 

ing. The peak input power may now be checked. 
This is readily possible, for with the two-tone test 
signal applied, the peak input power will be 1.57 
times the d.c. power input to the linear amplifier. 
Should this be different from the design value 
for the particular linear amplifier, the drive and 
loading adjustments can be quickly changed in 
the proper direction (always adjusting the loading 
so that the peaks of the envelope are on the verge 
of flattening) and the proper value reached. 

As a final check, before coupling the linear 
amplifier to the antenna, the single-sideband 
operator will do well to check the linearity of the 
system, since distortion in the linear amplifier 
(for that matter, in any of the r.f. amplifiers) 
probably will result in the generation of sidebands 
on the side that was suppressed in the exciter. 
Here again the two-tone test signal will be of 
great help, since distortion of the signal will be 
readily recognized. A check of the bias supply 
has already been recommended. The next most 
likely form of distortion will be caused by curva-
ture of the tube characteristic near cut-off, and 
will be recognizable from a two-tone test pattern 
that looks like Fig. 12-5. A slight readjustment 
of bias (or applying a few volts of positive or 
negative bias, in the case of zero-bias tubes) will 
usually straighten out the kink that exists where 
the pattern crosses the zero axis. Make this ad-

Fig. 12-5 — The distorted two-tone test-signal pattern 
obtained when the bias voltage is incorrect. 
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justment with special care, however, because the 
dissipation of the tubes with no input signal will 
be very sensitive to this adjustment. There are 
a few tubes that will not permit this adjustment 
to be carried to the point where the kink is en-
tirely eliminated without exceeding the rated 
plate dissipation. 
The antenna may now be coupled to the linear 

amplifier until the plate input with the excitation 
as determined above is the same as that obtained 
with the dummy load. The system has now been 
adjusted for optimum performance. 

(For further reading on linear amplifiers, see 
Long, " Sugar-Coated Linear-Amplifier Theory," 
QST, October, 1(351, and Ehrlich, " How To Test 
and Align a Linear Amplifier," QST, May, 1952.) 

• VOICE-CONTROLLED BREAK-IN 
Although it is possible for two SSB stations 

operating on widely different frequencies to 
work " duplex" if the carrier suppression is great 
enough (inadequate carrier suppression would 
be a violation of the FCC rules), most SSB 
operators prefer to use voice-controlled break-in 
and operate on the same frequency. This over-
comes any possibility of violating the FCC rules 

and permits three or more stations to engage in 
a " round table." Voice-controlled break-in is not 
popular with straight AM because turning the 
carrier on and off at a syllabic rate results in a 
" keyed" type of heterodyne interference that is 
particularly annoying. 
Many various systems of voice-controlled 

break-in are in use, but they are all basically the 
same. Some of the audio from the speech amplifier 
is amplified and rectified, and the resultant d.c. 
signal is used to key an oscillator and one or more 
stages in the SSB transmitter and " blank" the 
receiver at the time that the transmitter is on. 
Thus the transmitter is on at any and all times 
that the operator is speaking but is off during the 
intervals between sentences. The voice-control 
circuit must have a small amount of " hold" 
built into it, so that it will hold in between words, 
but it should be made to turn on rapidly at the 
slightest voice signal coming through the speech 
amplifier. Both tube and relay keyers have been 
used with good success. Most voice-control 
systems require the use of headphones by the 
operator, but a loudspeaker can be used with the 
proper circuit. (See Nowak, " Voice-Controlled 
Break-In . . . and a Loudspeaker," QST, May, 
1931.) 

A Phasing-Type SSB Exciter 
The exciter shown in Figs. 12-6, 12-8 and 12-10 

is an excellent unit for the amateur who might 
like to try single-sideband with a minimum of 
cost and effort. It requires r.f. driving power from 
one's present exciter and a power supply. It will 
deliver SSB output in the 3.9-Mc. 'phone band, 
either to an antenna for local work or to an r.f. 
amplifier adjusted for linear operation. The oper-
ating frequency can be varied over a wide range 
without seriously impairing the adjustment. 
Provision is made for transmitting either the 
upper or the lower sideband. 
The schematic of the exciter is shown in Fig. 

12-7. Four 6V6 tubes are used as balanced modu-
lators. The plate circuit of the balanced modula-
tors uses a push-pull-parallel arrangement. The 
grids of one pair of balanced modulators are•fed 
through a phase-shift network consisting of a 
300-ohm resistor and an inductance that is ad-
justable to 300 ohms reactance at the operating 
frequency. The grids of the second pair of bal-
anced modulators are fed through a phase-shift 
network consisting of a 300-ohm resistor and a 
condenser which is adjustable to 300 olita,‘ - 
actance at the operating frequency. The 1111811 
impedance of the two phase-shift networks in 
parallel is 300 ohms. 
Each balanced-modulator tube grid is fed 

through a blocking condenser and provided with 
grid-leak bias. The bias circuit of each balanced 
modulator is made adjustable for control of the 
carrier suppression. Provision is also made for the 
addition of fixed bias, in case the exciter is used 
in a voice-controlled circuit where the r.f. ex-
citation is removed during listening periods. 

Screen modulation is used, and the screen of 

each modulator tube is by-passed to ground for 
r.f. A transformer with a center-tapped secondary 
is used in the output of each audio amplifier to 
provide push-pull modulating voltages. 
A reversing switch, Si, allows switching to 

either the upper or lower sideband. If this switch 
has a center " off" position, it will facilitate using 
the " two-tone test" procedure mentioned earlier. 
A voltage divider is inserted between each output 
of the audio phase-shift network and the corre-
sponding amplifier grid. One of these voltage 
dividers is made variable to provile for balancing 
of the two audio channels. The network constants 
are compensated for the load of these dividers. 

Fig. 12-6 — A small single-sideband exciter that in-
cludes voice-controlled break-in. Receiving-type tubes 
are used throughout. 

Microphone input and audio gain control arc at the 
left-hand side of the front — the switch lect - the upper 
or lower sideband. (Revised version, ‘‘ 21 ..\ J, Aug., 
1949, QST.) 
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PUSH -PULL AY. 
INPUT 

12 

R,F. 
INPUT 3.9 Mc. 

R21 

+250 

Fig. 12-7 — Circuit diagram 

C1--Co — See Table 12-1. 
C7 — 150-pmfd. air padder condenser. 
CS — Approx. 400-rufd. per section, b.c. receiver tuning 

condenser. 
Co — 0.001-mfd. 1000-volt mica. 
Cio—Cis — 500-volt mica. 
C19. Co — 4-5fd. 150-volt electrolytic. 

— See Table 12-1. 
R7, Rs — 300 ohms, 5 watts (5 1500-ohm 1-watt in 

parallel). 
Rs — 0.5-megohm linear volume control. 
Rio — 0.47 megohm. 
R11 — 0.75 megohm. 
Ru — 0.24 megolim. 

Speech Amplifier and Voice Control 

The speech amplifier is designed to attenuate 
both low and high frequencies, amplifying only 
the audio range required for good intelligibility. 
The wiring diagram is shown in Fig. 12-9. The 
output of the speech amplifier is coupled to the 
input of the audio phase-shift network through 
a transformer with a center-tapped secondary, to 
provide push-pull audio for the phase-shift net-
work. 

Part of the output of the .perch amplifier is 
taken off through an adjustable voltage- divider 
circuit and blocking condenser to the voice-
control circuit. There it is rectified by the diodes 
of the 6SQ7, and the resulting d.c. voltage is used 
to charge C14 negative. An audio choke prevents 

BALANCED 
MODULATORS 

3.911c. 

C  RF 

= 0 
+250 
TO 

+400 

VS -105 

Output 

of the single-sideband exciter. 
— 10,000 ohms. 

1117, Ris — 15,000-ohm potentiometer, wirewound. 
Rio — 7500 ohms, 10 watts. 
1120. R2I — 680 ohms, 2 watts. 

All resistors 1-watt unless specified otherwise. 
Li — 25 turns No. 28 enatn. closewound at mounting 

end of slot of National XR-50 slug-tuned form. 
L2 — 40-meter 75-watt tank coil with swinging link 

(Bud OLS-40). 
RFC1 — 2.5-mh. r.f. choke. 
Si — D.p.d.t. toggle, preferably with center off. See 

text. 
T1, T2 — 5-watt modulation transformer, 10,000 ohms 

c.t. to 4000 ohms (Stancor A-3812). 

audio components from appearing across Cu. 
The triode ioction of the 6SQ7 is normally con-
ducting and holding the relay closed, but when 
the negative voltage appears across C14 the 
6SQ7 plate current is cut off and the relay opens. 
When the audio signal is removed, C14 discharges 
through R15 and the triode again conducts, closing 
the relay. 

The Audio Phase- Shift Network 

The audio phase-shift network requires close 
matching of resistance and capacity values and, 
to do this economically, advantage is taken of 
the fact that resistors and condensers in junk 
boxes and in stock at local dealers vary con-
siderably from their nominal values. 
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TABLE 12-I 
Phase-Shift Network Design Data 

Nominal 
Part Value 

Ci 0.001 
C2 0.002 
C3 0.006 
C4 0.005 
Cs 0.01 
Ca 0.03 
RI 100,000 

Target 
Value 

0.00105 
0.00210 
0.00630 
0.00475 
0.00950 
0.0285 
100 = 

Cmu 
112 50,000 105 = 

Rs 15,000 

R4 100,000 453 —= 

R5 50,000 

Rg 15,000 

• 

CM2 
100 = 

Cm3 

Cola 
476 = 

Cms 
453 = 

Cma 

Measured 
Value 

(Cost) 
(Cuss) 
(Cms) 
(Cm+) 
(Cm5) 
(One) 

All condensers mica, and all resistors 1 watt. 

Table 12-I is used in selecting the network 
components. The procedure is to collect as many 
resistors and condensers as possible with nominal 
values as indicated in the second column of the 
chart. Measure all of the condensers first, and 
select the six condensers whose measured values 
are closest to the "target values" in the third 
column. Enter the measured values of these con-
densers in the fourth column of the chart. Then 
calculate the "target values" for the resistors and 
select the six resistors whose measured values are 
closest to these target values. 
A capacity bridge, of the type used by service-

men, and a good ohmmeter should give sufficient 
accuracy in selecting the network components. 
Absolute accuracy is not important, if the com-
ponents are all in correct proportion to each other. 
A difference in percentage error between the re-
sistance measurements and the capacitance meas-
urements will merely shift the operating range of 
the network. The network components are 
mounted on a small sheet of insulating material 
to facilitate wiring. 

Construction 

The exciter and its associated audio equipment 
are assembled on a 13 by 17 by 2-inch aluminum 
chassis. The four 6V6 balanced-modulator tubes 
are arranged in a square pattern toward the front 
center of the chassis, with the plate tuning con-
denser and coil off to one side and the 6K6 audio 
amplifier tubes on the other. The two modulation 
transformers are under the chassis directly below 
the plate tuning condenser. The speech amplifier 
is arranged along the left-hand side of the chassis, 
with the 6SJ7 at the rear and the output trans-
former on the top of the chassis at the front. The 
audio phase-shift network is below the output 
transformer. 
The reactive components of the r.f. phasing 

network, L1 and C7, are mounted in a plug-in 
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shield can that mounts directly behind the 
balanced-modulator tubes. The shield can is 
grounded to the chassis through the spare pins of 
its plug. The voltage regulator tube is mounted 
to the left of the shield can, and the 6SQ7 voice-
control tube is to the right. The components in 
the voice-control circuit are mounted under the 
chassis at the rear. 

Associated Equipment 

The r.f. input impedance of the exciter is 
300 ohms, but a link line of lower characteristic 
impedance will operate satisfactorily for the 
short distance usually required. A means for 
adjusting the r.f. driving power is desirable. A 
surplus Command set transmitter (BC-696 or 
T-19/ARC-5), operating at low plate voltages, 
makes an ideal r.f. source, but any VFO or crystal 
oscillator with a few watts output will do. 
The plate voltage for the speech amplifier must 

not be taken from the same point in the power 
supply that furnishes voltage for the 6K6 ampli-
fiers, since interaction may occur that will upset 
the phase relationship at the output of the two 
6K6s. If separate plate voltage sources are not 
available, an added filter section may be used to 
isolate the voltage to the speech amplifier. 
The built-in voice-controlled relay can be used 

in a number of ways to provide the rapid voice 
break-in commonly used on 3.9-Mc. SSB 'phone. 
If a good c.w. break-in system is already in use 
at the station, the voice-control relay contacts 
may be substituted for the key, and no other 
changes are necessary. 

If the local oscillator in the receiver will 
key in the plate voltage lead satisfactorily, then 
a simple voice break-in system may be obtained 
by using the relay contacts to shift the plate 
voltage from the receiver local oscillagor to the 
VFO. A drifting receiver oscillator must be 
avoided in this system, however. 

Opera ting Conditions 

If voice control is not used, and d.e. operating 
voltages are removed when excitation is removed 

Fig. 12- 8— A rear view of the phasing-type exciter. 
The two r.f. phasing adjustments project from the 
shield can. The potentiometer shaft at the left sets the 
voice-control threshold level. The jack is for the keyed 
circuit, the r.f. connector takes the excitation cable, 
and the octal socket is for the power cable. 
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Ct — 100-ppfd. mica or ceramic. 
C2, C7, Cii 4-pfd. 150-volt electrolytic. 
C3 — 0.02-mfd. 400-volt paper. . 
C., Ca — 8-pfd. 450-volt electrolytic. 
Ca — 27O- add. mica or ceramic. 
Cs — 0.001-pfd. mica or ceramic. 
Cg — 0.0033-dd. mica or ceramic. 
Cio — 0.002-pfd. mica or ceramic. 
C12 — 0.005-pfd. ceramic or mica. 
C13 — 0.01-pfd. 400-volt paper or ceramic. 
Ci — 0.5-pfd. 200-volt paper. 
Ri, Rg — 0.1 megohm. 
112 — 2.2 megohm. 

for stand-by, then no fixed bias is required on the 
balanced modulators and a jumper can be placed 
across the bias terminals. When excitation is re-
moved with d.c. voltages applied, as in voice-
controlled operation, then 4 volts of fixed bias 
should be used to limit the plate and screen cur-
rents on the balanced modulators. 
With 400 volts applied to the balanced-modu-

lator plates and 250 volts to all other plate supply 
inputs, the operating currents will be approxi-
mately as follows: 

Total balanced-modulator plate current 85 ma. 
20 ma. 
62 ma. 
12 ma. 

VR tube supply current 
Total 6K6 amplifier current 
Total speech-amplifier current 
The total balanced-modulator grid current, 

measured at the bias terminals, will vary with 
excitation, but it should be in the range 3 to 5 ma. 

These currents will not change appreciably 
with varying audio input and, with the exception 
of the grid current, will not change appreciably 
when the excitation is removed, provided that 
4 volts of fixed bias is used on the balanced-
modulator grids. 
The exciter may be coupled directly to an 

antenna for use as a low-power transmitter, but 
most amateurs will wish to use it to drive a buffer 
or final amplifier. All stages following the exciter 
must be operated under Class A, AB, or B condi-
tions. In general, the correct operating conditions 
for stages following the exciter may be found by 
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Push 
Pull 
Output 

 O + 250 
(see test) 

Keyed 
Circuit 

 O + 10s 

Fig. 12-9 — Wiring diagram of the speech amplifier and voice-control circuit. 
, 113, 1112 - 910 ohms. 
RS — 1.0 megohm. 
Its — 0.27 megohm. 
Rs — 27,000 ohms. 
117 — 0.5-megohm volume control. 
Rs — 2700 ohms. 
Rio, HIS — 10,000 ohms, 1 watt. 

His— 0.47 megohm. 
RIS — 15,000-ohm volume control. 

All resistors p2-watt unless specified otherwise. 
Ti — 5-watt modulation transformer, 10,000 ohms ca. 

to 4000 ohms (Stancor A-3812). 
Li — Small filter or audio choke (Stancor C-1707). 
By, — Sensitive 10,000-ohm relay. 

referring to the audio operating conditions for the 
tube under consideration. Grid-bias and screen 
voltages should have very good regulation. For 
amateur voice operation, tubes may be operated 
considerably beyond the ratings given in the tube 
manuals, as discussed later. When the r.f. ampli-
fier is operated Class AB2, the grid tank circuit 
will require shunting by a resistor in order to 
provide better regulation of the exciting voltage. 
The value of this resistor is not critical and may 
be determined by experiment. 

Adjustment 

Adjustment of the exciter is best made under 
actual operating conditions. Connect the exciter 
to the transmitter, load the exciter with a dummy 
load, apply r.f. excitation, feed sine-wave audio 
into the speech amplifier, and tune in the con-
ventional way for maximum output. 

Reduce the audio input to zero, and adjust 
potentiometers R17 and Rig for minimum carrier 
output. Minimum carrier output may be de-
termined by any sensitive r.f. indicator coupled 
to the final-amplifier plate circuit. A 0-1 milli-
ammeter, in series with a crystal detector and a 
two-turn coupling loop, will make a satisfactory 
indicator. The meter should be by-passed with a 
0.005-afd. condenser. If a null indication cannot 
be obtained within the range of the potentiom-
eters, the 6V6 tubes are not evenly matched. 
Exchanging the positions of the 6V6s may aid in 



SINGLE-SIDEBAND 301 

Fig. 12-10 — Underneath the chassis of the exciter. The 
tentiometers are the bias balancing COMTOIS, R17 and Nis. 

obtaining the balance, or other tubes may have 
to be used. 

After the carrier balance is obtained, tune in 
the r.f. source on the station receiver, and with 
the antenna terminals shorted, and the crystal 
selectivity in sharp position, adjust the crystal 
phasing to the point where only one sharply-
peaked response is obtained as the receiver is 
tuned through the signal. Now apply sine-wave 
audio of about 1500-cycle frequency to the speech 
amplifier, and find the two sidebands on the 
receiver. Three distinct peak indications will be 
observed on the S-meter as the receiver is tuned. 
Set the receiver on the weaker of the two side-
bands and adjust LI, C7 and R9 for minimum 
sideband strength. If suppression of the other 
sideband is desired, throw St to its other position. 
A dip obtained with one set of adjustments is not 
necessarily the minimum. Other combinations 
should be tried. The final adjustment should give 
S-meter readings for the two sidebands which 
differ by at least 30 db. The bias voltage on all 
four balanced modulator tubes will be approxi-
mately equal. 

After the adjustments have been completed, 
the r.f. drive to the exciter should be adjusted to 
the point where a decrease in drive will cause a 
decrease in output, but an increase in drive will 
not cause an increase in output. The complete 
adjustment procedure should then be rechecked. 
The rig is then ready for a microphone, an an-
tenna, and an on-the-air test. 

If an oscilloscope is available, a simpler and 
more reliable adjustment procedure may be used. 
Either linear or sine-wave horizontal sweep may 
be used on the oscilloscope. The vertical input 
should be coupled to the output of the trans-
mitt,er in the same manner as is used for observing 
amplitude modulation. The sine-wave audio-
frequency input to the speech amplifier should 
be any convenient multiple of the oscilloscope 
sweep frequency. A 60-cycle sweep frequency and 
a 600-cycle audio frequency are commonly used. 
When the exciter is modulated with a single 

sine-wave audio frequency, the output should be 
a single radio frequency. Therefore, the oscillo-
scope should show a straight-edged band across 

the screen, the same indication as is 
given by an unmodulated carrier. This 
is illustrated in Fig. 12-11. If carrier 
output, or unwanted sideband output, 
is present, it will be indicated by " rip-
ple" on the top and bottom edges of the 
oscilloscope picture. A small amount of 
ripple can be tolerated, but if the ex-
el ter is badly out of adjustment, the out-
put will appear to be heavily modulated. 
Adjustment with the 'scope is accom-
plished by adjusting all controls te ob-
tain the smallest possible amount of 
ripple. The oscilloscope may also be 
used for continuous monitoring during 
transmissions to avoid overloading of 

two po any stage of the transmitter. Overload-
ing is indicated by a flattening of the 
modulation-peak patterns at the top 

and bottom. In observing these patterns, it is 
difficult to separate the effects of sideband and 
carrier suppression. However, considered sepa-
rately, sideband or carrier suppression of 30 db. 
would give a 3 per cent ripple, 25 db. a ripple of 6 
per cent, and 20 db. a 10 per cent ripple. Har-
monics present in the audio modulating signal will 
modify the results and invalidate this test if 
they run more than 1 per cent. 
The exciter is capable of driving any pair of 

beam tubes commonly used in amateur trans-
mitters, or any pair of triodes in Class AB'. A 
buffer stage will ordinarily be required to drive 
Class B triodes. 

(A) (3) 

(c) (D) 
Fig. 12-11 — Sketches of the oscilloscope face showing 
different conditions of adjustment of the exciter unit. 
(A) shows the substantially clean carrier obtained when 
all adjustments are at optimum and a sine-wave signal 
is fed to the audio input. (B) shows improper r.f. phase 
and unbalance between the outputs of the two balanced 
modulators. (C) shows improper r.f. phasing but outputs 
of the two balanced modulators equal. (D) shows proper 
r.f. phasing but unbalance between outputs of two 
balanced modulators. 
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A Crystal-Filter SSB Exciter 

The exciter uses a quartz crystal filter operat ing 
at 450 kc. (or vicinity). The filter allows a pass-
band of 300 to 3000 cycles; the sideband rejection 
should run 35-40 db. over 300 to 3000 cycles. At 
no time within the reject range is the rejection 
less than 30 db.; at some places it approaches 60 
db. Suppression of the carrier is obtained without 
the use of balanced modulators, 
and the stability of suppression is 
excellent. Crystals suitable for use 
in the filter are available on the 
war surplus market for less than 
one dollar each. The most useful 
of these crystals are in the series 
that runs from 375 to 525 kc. 
in 1.388-kc. steps; this series 
is marked at 72 times the crystal frequency in a 
series of channels from 28.0 to 38.0 Mc. The 
crystals were manufactured by Western Electric 
for the Signal Corps, and are of the plated variety, 
mounted in an FT-241A holder. The holder pins 
have V2-inch spacing. The crystals may be socket-
mounted or soldered directly into the filter at the 
builder's discretion. 
The filter is of bridge design with complex entry 

and terminating sections. The complex sections 
are used to suppress the carrier and modify the 
response characteristics of the bridge. Fig. 12-12 
shows the filter proper, set for rejection of the 
upper sideband. The transformer, TI, is a re-
placement-type 455-kc. interstage i.f. trans-
former, mica-tuned, and air-cored. T2 is also a 
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replacement type, designed to feed into a diode 
detector. 
The original filter was designed to operate at a 

carrier frequency of 450 kc., although the filter 
will work at frequencies between 425 and 490 
kc. without alteration of the circuit or trans-
formers. Under the condition of design for 450-ke. 

Fig. 12-12 — The 450-kc. quartz crystal filter used for 
sideband and carrier rejection. 

Ci, C2, C4, CS 100-pmfd. mica or ceramic. 
C3 — 3. to 30-upfd. ceramic trimmer. 
Ti — 455- Le. interstage i.f. transformer (Meissner 

1(-6659). 
T2 — 455-ke, diode i.f. transformer ( Meissner 16-6660). 

For a carrier frequency of 450 kc., the crystals 
are: 
Crystal R C D 
High-freq. reject 452.8 kc. 448.6 kc. 450.0 kc. 
Low-freq. reject 447.2 kc. 451.4 kc. 450.0 kc. 

carrier, crystal " B" is 2.78 kc. higher than 450 
lm, or 2 channels higher in the crystal series. 

Crystal " C" is 1.39 kc. lower than 450 kc., or 1 
channe] lower. Crystal " D" is 450 kc. Crystal 
"A," also at 450 kc., is used in a crystal oscillator 

BALANCED MIXER 
65 N7 
2  

3 
SINGLE OR 
DUAL FILTER 

as per 

FIG 12-11 

or 12-15 

VF 0 INPUT 
(6-8 volts) 

--F 

Fig. 12-13 — Complete diagram of the 
CI, C2, C3, Co, C7 — 0.1-pfd. 400-volt paper. 
C4, Cd — 39-zpfd. ceramic. 
Cs — 100-mpfd. variable air condenser. 
Cg — 600-volt mica. 
Cio — 0.01-mfd. 400-volt paper. 
Cx — Trimmers in T3. 
RI — 0.47 megohm. 
R2 — 220 ohms. 
Ra, Rn — 20,000 ohms, 1 watt. 
Rs, 115-0.1 megohm. 
Ro, 117, RA — 10,000 ohms. 

AMPLIFIER 

6AG7 

7 

crystal-filter SSB exciter. 

Output 

+300 
 o 

R g — 150 ohms, 1 watt. 
Rio — 1000 ohms. 
Riz — 47,000 ohms. 

All resistors M watt unless specified other-
wise. 

— 2.5-mh. r.f. choke. 
L2 — 0.5-mh. r.f. choke. 
T3 — 5.111c. slug-tuned i.f. transformer. 
T4 5-Mc, slug-tuned i.f. transformer. Secondary re-

moved and 8-turn link wound over cold end of 
primary. All fixed capacitors removed. 
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Fig. 12-14 — The crystal- 61 ter ›,. IS exciter, as designed 
for mobile work, complete ith receiver converter and 
VFO. The Lou dish is the exciter (with cover removed). 
l'he meter reads cathode current to a pair of 807s driven 
by the unit, and the two knobs handle carrier reinsertion 
and 6AG7 plate tuning. (Vi'llE0/9, Nov., 1950, QS1'.) 

to generate the initial carrier. Channel markings 
on these crystals are as follows: 

"À" — 32.4 Mc., Channel 324 
"B" — 32.6 Mc., Channel 326 
"C" — 32.3 Mc., Channel 323 
"D" — 32.4 Mc., Channel 324 

Any other group within the range of the i.f. 
transformers may be utilized; only the channel 
relationship need be retained. 
A diagram of the exciter proper is shown in 

Fig. 12-13. The 6K8 hexode-triode serves as 
450-kc. oscillator and audio mixer. Approximately 
3 volts of audio is required at the signal grid of 
the 6K8 for optimum results. The 6K8 delivers 
a carrier (450 kc.) and sidebands to the input of 
the filter. The filter rejects one sideband (de-
pending upon the selection of crystals) and 
delivers single-sideband energy to the 6SN7 
mixer. The filter also suppresses the carrier some 
60 (lb. below the peak sideband energy. The 
6SN7 mixer combines the single-sideband energy 
(in the vicinity of 450 ke.) with the output of the 
VFO (3400 to 3550 ke.) and the sum products are 
recovered in the output (3850 to 4000 kc.). The 

71 

balanced mixer is used to remove the VFO com-
ponent from the output tank. Balance is not 
critical and no adjustments are required or pro-
vided. A VFO signal of about 6 to 8 volts is 
required. The output of the mixer is fed to the 
grid of a 6AG7 which runs as a Class A tuned r.f. 
amplifier. The output of the 6AG7 is sufficient to 
drive a pair of 807s Class AB2. Operation on 10 
and 20 meters can be accomplished by hetero-
dyning again to the desired band. Most VFOs in 
use cover or may be easily made to cover 3400 
to 3550 kc. A single untuned 6SJ7 or 6AC7 Class 
A amplifier following a BC-221 might be used as 
a driver for this exciter. 

Construction 

The original transmitter w:1-, built for mobile 
operation and much hole drilling and experimen-
tation has occurred on the chassis. Mounting the 
crystals on opposite sides of the transformers will 
keep stray capacity coupling at a minimum. No 
shielding other than that provided by the i.f. cans 
and the output tank can is required. It is im-
portant that capacity coupling around the crystal 
filter be minimized — in other words, no modu-
lated signal must reach the 6SN7 mixer by any 
route except through the filter. Before construction 
is started, a decision must be made as to whether 
or not choice of sidebands is desired. If choice of 
sidebands is desired, a dual filter using 5 crystals 
will be required. This filter is shown schematically 
in Fig. 12-15. A double-section wafer switch 
selects the upper or lower sideband. These wafer 
sections must be separated by approximately 3 
inches to minimize stray coupling. It is recom-
mended that the crystals be wrapped with several 
layers of adhesive tape and then strapped to the 
chassis with metal brackets; connections may 
then be made by soldering to the holder pins. 

Alignment 

Alignment of the filter is straightforward, and 
once aligned it will need little attention. 

1) Crystal " A" is first removed from the cir-
cuit. This crystal is best provided with a socket 

12 

_    

Fig. 12-15 — The double-channel Cr' .. tal filter. All components are the same as in Fig. 12-12, except for the addition 
of the d.p.d.t. wafer switch, Si„ and the compensating condensers, Cs and C7 (3- to 30-mufd. ceramic). The trimmer 
on the input side of T2 i S set at minimum and the alignment procedure is followed with Co or C7 wherever the instruc-
tions call for adjusting the input condenser. 
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Fig. 12-16 — An alignment chart of the crystal filter. The numbers in the circles 
correspond to the steps outlined in the text. 
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mount so it can be removed during alignment. 
2) A calibrated signal generator covering the 

crystal range is connected to the grid of the triode 
section of the 6K8. 

3) A vacuum tube voltmeter is connected from 
grid to ground of one of the 6SN7 grids. 

4) Swing the signal generator through the crys-
tal range until a maximum response is noted at 
the voltmeter. This will indicate the series-reso-
nant frequency of crystal " C" and with the crys-
tals described, based on a 450-kc. carrier, will be 
approximately 448.6 kc. 

5) Align all transformer trimmers for maxi-
mum response on this frequency. 

6) Next, adjust the signal generator slowly in 
the higher-frequency direction until a null is ob-
tained. This will be the series-resonant frequency 
of crystal " D," 450 kc. with the crystals indicated. 

7) Move the signal generator kc. lower than 
this null and adjust the trimmer on the input 
side of T2 for maximum response. 

8) Return signal generator to null. 
9) Move the signal generator approximately 1 

to 1.2 kc. higher than the 
null and adjust C3 for mini-
mum response. 

10) Move the signal gen-
erator higher until another 
null is found; this will be 
the series-resonant frequency 
of crystal " B," approxi-
mately 452.8 kc. with the 
crystals shown. 

11) Continue approxi-
mately 32 kc. higher than 
this null and adjust the out-
put trimmer on T1 slightly 
for moderate null. 

12) Repeat Steps 7 
through 11 to compensate 
for interaction, and align-
ment is complete. 
For alignment of the dual 

filter the procedure is identi-
cal but must be done once 

for each sideband. However, when adjusting the 
filter for rejecting the lower sideband and where 
Steps 1-12 mention " higher" you must insert 
" lower " and vice versa. The alignment chart, Fig. 
12-16, will simplify the alignment procedure. For 
additional information, see Webb, " Aligning the 
Crystal-Filter S.S.B. Exciter," QST, August, 1952. 
The slug-tuned i.f. transformer is peaked at 

3930 kc. and then stagger-tuned slightly to pro-
vide coverage of the entire band. The 6AG7 plate 
tank capacitor is adjustable from the front panel 
and is touched up when shifting frequency. 
Many variations of this basic exciter circuit are 

possible. If a balanced modulator (using a pair of 
6K8s) is used, the carrier suppression is readily 
obtained without close matching of crystals. 
Other filter circuits can be used, as those shown 
in Good, " Crystal Filter for 'Phone Reception," 
QST, October, 1951. For a more advanced design 
for a crystal-filter SSB exciter, which includes 
voice-control operation, see Weaver & Brown, 
"Crystal Lattice Filters for Transmitting and 
Receiving," QST, August, 1951. 

A Two-Stage Linear Amplifier 

The amplifier shown in Figs. 12-17, 12-19 and 
12-20 is designed to follow a low-powered SSB 
exciter. As can be seen from the wiring diagram, 
Fig. 12-18, an 807 Class A driver is used to excite 
a pair of 811-As operating Class B. Only a few 
watts is required to drive the 807, since it is never 
operated with grid current and the driving power 
is necessary only to overcome circuit losses. The 
811-As will deliver about 180 watts peak with 
1000 volts on the plates and 250 watts peak at 
1200 volts. Operation its a linear amplifier for 
SSB with 1500 volts on the plates is not recom-
mended because the driver stage is likely to intro-
duce too much distortion, although a small 
amount of fixed bias (3-4A volts) on the grids 
of the 811-As will permit c.w. operation at this 
higher plate voltage. 

The circuit is not unlike ordinary Class C prac-
tice, except for the bias voltages involved. The 
807 stage uses cathode bias, and the 811-As run 
with zero bias (bias terminals short-circuited by 
a jumper wire). The most important factor in 
linear operation is the loading of the amplifiers, 
and thus provision has been made for varying the 
coupling on the 807 plate and the plates of the 
811-As. The 807 loading is adjusted by varying 
the position of the link coil in /.3, and the link to 
L6 is controlled from the front panel. 
A low-inductance by-pass condenser, C2, made 

from a piece of coaxisl line, helps to eliminate 
parasitics in the 807 stage, as does returning the 
screen by-pass condenser, C3, to the cathode in-
stead of to ground. Grid chokes, L4 and L6, were 
found necessary to avoid high-frequency para-
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Fig. 12-17 — A tw 1..a at amplifier for boo-ting 
the power level of a SSB signal. Large knobs control the 
antenna coupling and output plate tuning. The meters 
indicate grid and plate currents of the push-pull 811-A 
output stage. 

sitie oscillations in the 811-A stage, as were re-

sistors R3, R4 and R6. All wiring other than r.f. 
was run in shield braid. Filament by-pass con-

densers in the 811-A stage were found to be 

unnecessary. 

Construction 

The amplifier is built on a 13 by 17 by 3-inch 

aluminum chassis. The panel is an aluminum 
relay-rack panel, 154 inches high, that is held to 

Input 

CLASS -A DRIVER 

+300 4.600 

Fig. 12-18 — Wiring diagr 

CI — 140-pafd. variable (Millen 19140). 
Cs — 13-ziafd. tubular, made of RG-58/1U. Active 

length, 6 inches. 
Cs, CI — 0.005 - fd disc ceramic. 
Cg — 140-add. variable ( Millen 22140). 
Ce — 0.001-afd. 1200-volt mica. 
C7 — Dual variable, 100-551d. per section (Millen 

24100). 
Cg, Cg — Disc-type neutralizing condensers with feed. 

through base (Bud NC-853). 
Clo — Dual variable, 200-gpfd. per section, 0.077-inch 

spacing (National MC-200D). 
RI — 100 ohms, watt. 
112 — 680 ohm., 2 watts. 

Fig. 12-19 — A rear view of the linear amplifier, .1m, mg 
the push-pull 811-A output amplifier and the 807 driver 
The cover of the rectangular shield can slides off for 
access to the final grid coil. The round shield cans are for 
the 807 grid and plate coils. 

the chassis by the shaft bearings and meters, and 
it is further braced by two strips of X 6 by 1/2-inch 

brass. 
The grid coil for the 807 plugs in to a socket 

mounted at the rear of the chassis and shielded 
by an ICA No. 1549 3-inch diameter aluminum 

shield can. 

CLASS-B AMP. 

am of the linear amplifier. 
Ra — 2700 ohms, 4 watt. (4 2700-ohm in series-parallel). 
Rg, Rs — 20 ohms, 2 watts. 
Rs — 1000 ohms, 1 watt. 

All resistors are composition, not wirewound. 
L., Ls — 9 turns No. 12 enam., 1A-inch diameter, 1% 

inches long. 
.11 — Input connector (Jones S-101-D). 
J2 — Coaxial-line connector (Amphenol 83-1R). 
MAI — 0-50 milliammeter. 
MA 2 — 0-500 milliammeter. 
RFC' — 2.5-mh. 125-ma. r.f. choke. 
RFC2 — 250-ah. 75-ma. r.f. choke (Millen 34300). 
RFCs — 5-mh. 300-ma. r.f. choke (National R300S). 
T1 — 6.3-volt 10-amp. transformer (Stancor P-6308). 
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COIL TABLE FOR TWO-STAGE LINEAR AMPLIFIER 

Band Turns Wire No. Diam. Length ah. Link Spacing 

L1* 
3.9 22% 20 enam. 1 % 10 
14 10! 20 enam. 1 
L2** 
3.9 25 20 enam. I 
14 11 20 enam. 1 % 2.5 
beek 
3.9 22 
14 12 
Le*** 
3.9 22 16 enam. 2F2 2% 20 

14 8 .15 tubing 2!,¡ 3% 2.3 

4 5is 
2.5 3 5is 

11.2 4 lis 
3 39 

22 enam. 1% 1% 9.4 6 Adjustable 
18 enam. 1% 1% 3.3 4 Adjustable 

* Wound on Millen 45004 plug-in form. 
**Wound on Millen 45005 plug-in form. 
***National AR-16-40S and AR-16-20S. 

150-jamfd. mica condenser. 
**** B & W 80TVL with 18 turns removed, and B & W 15T v L. 

3 Adjustable 
3 Adjustable 

75-meter coil shunted by 

The plate coil plugs in to a socket mounted 4 
inches above the chassis. The platform for the 
socket also shields the plate condenser, C5. An-
other 3-inch diameter shield can protects the 807 
plate coil. The plate by-pass condenser, C6, is 
mounted under the chassis near the 807 socket, 
and the lead from C5 and L2 is brought down to 
it in shielded wire. 
The grid coil for the 811-As is shielded by an 

ICA No. 29842 4 by 5 by 6 aluminum utility 
cabinet. To simplify coil changing, the cabinet is 
fastened to the chassis and a friction-fit cover is 
made from a piece of sheet aluminum. The inside 
lips on the top of the cabinet should be bent down 
to allow more room for the hand that changes 
coils. 
The output tank condenser, C10, is mounted on 

the chassis with aluminum brackets that also 
support the jack bar for the output coil, 14. The 

variable link mounts on the 
jack bar and is controlled 
from the panel. 

Adjustment 

With a signal from the ex-
citer coupled through J1, and 
plate and screen voltages on 
the 807, it should be quite 
possible to drive the 811-A 
grid current off scale (with no 
plate voltage on the 811-As). 
Back off the excitation to 
about 25 ma. grid current and 
neutralize the 811-A stage by 
adjusting C9 and C9. The 
"flick" in grid current as C10 
is tuned through resonance 
can be used, but a more sensi-

tive indication, such as a crystal diode and 0-1 
milliammeter connected to J2, is to be preferred. 
Couple a dummy load to J2 and apply plate vol-

tage to the 81I-As. Couple an oscilloscope to the 
dummy load and apply a " two-tone" test signal to 
the unit, as described earlier in this chapter. The 
811-A no-signal plate current should run around 
40 or 50 ma., depending upon the plate voltage. 
Adjust the two-tone signal amplitude for 10 or 15 
ma. grid current and resonate all circuits. Then 
increase the excitation until the two-tone pattern 
just begins to flatten on the peaks. When using 
1000 volts on the 811-As, this flattening should 
not occur before MA 2 indicates 160 ma. or so — 
with 1200 volts the current, should run up to 
190 ma. without noticeable flattening. If flatten-
ing occurs sooner, it indicates that the 811-A 
stage should be coupled more tightly to its load, 
or that the 807 stage is not delivering enough 
  drive. It will prof» 

ably be found that 
the 811-A output 
coupling is at fault. 

i'ig. 12-20 — 1-nder-
rleath the chassis, 
-homing all hut r.f. 
leads in shield braid. 
The it in the leads 
from the split-stator 
grid condenser are 

tie chokes. 
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Transmission Lines 

The place where r.f. power is generated is 
very frequently not the place where it is to be 
utilized. A transmitter and its antenna are a 
good example: The antenna, to radiate well, 
should be high above the ground and should 
be kept clear of trees, buildings and other ob-
jects that might absorb energy, but the trans-
mitter itself is most conveniently installed 
indoors where it is readily accessible. There 
are numerous other instances where power 
must be delivered from one point to another, 
even though the distance may be only a few 
feet. 
The means by which power is transported 

from one spot to another is the r.f. transmission 
line. At radio frequencies a line exhibits en-

tirely different characteristics than it does at 
commercial power frequencies. This is because 
the speed at which electrical energy travels, 
while tremendously high as compared with 
mechanical motion, is not infinite. The pe-
culiarities of r.f. transmission lines result from 
the fact that an interval comparable with the 
time of an r.f. cycle must elapse before energy 
leaving one point in the circuit can reach 
another just a short distance away. 
The discussion to follow assumes that the 

line consists of two parallel wires, separated 
by a distance very small compared with the 
wavelength. The parallel-conductor line is not 
the only type, but the same principles apply 
to all varieties of lines. 

Operating Principles 
Suppose we have a battery and a pair of 

parallel wires extending to a very great dis-
tance. At the moment the battery is connected 
to the wires, electrons in the wire near the posi-
tive terminal will be attracted to the battery, 
and the same number of electrons in the wire 
near the negative battery terminal will be 
repelled outward along the wire. 
Thus a current flows in each wire near the 

battery at the instant the battery is con-
nected. However, a definite time interval will 
elapse before these currents are evident at a 
distance from the battery. The time interval 
may be very small. For example, one-millionth 
of a second (one microsecond) after the con-
nection is made the currents in the wires will 
have traveled 300 meters, or nearly 1000 feet, 
from the battery terminals. 

The current is in the nature of a charging 
current, flowing to charge the capacitance be-
tween the two wires. But unlike an ordinary 
condenser, the conductors of this "linear" con-
denser have appreciable inductance. In fact, 
we may think of the line as being composed of 
a whole series of small inductances and capaci-
tances connected as shown in Fig. 13-1, where 
each coil is the inductance of a very short sec-
tion of one wire and each condenser is the 
capacitance between two such short sections. 

Characteristic Impedance 

An infinitely-long chain of coils and con-
densers connected as in Fig. 13-1, where each 
L is the same as all others and all the Cs have 
the same value, has an important property. 
To an electrical impulse applied at one end, 

the combination appears to have an impedance 
— called the characteristic impedance or surge 
impedance — that is approximately equal to 
N/ L/C, where L and C are the inductance and 
capacitance per unit length. This impedance 
is purely resistive. 

In defining the characteristic impedance as 
VL/C, it is assumed that the conductors have 
no inherent resistance — that is, there is no 
I2R loss in them — and that there is no power 
loss in the dielectric surrounding the conduc-
tors. In other words, it is assumed there is no 
power loss in or from the line no matter how 
great its length. This does not seem consistent 
with calling the characteristic impedance a 
pure resistance, which implies that power 
supplied is all dissipated in the line. But in an 
infinitely-long line the effect, so far as the 
source of power is concerned, is exactly the 
same as though the power were dissipated in 
a resistance, because the power leaves the 
source and travels outward forever along the 
line. 
The characteristic impedance determines 

the amount of current that can flow when a 
given voltage is applied to an infinitely-long 

A: 81 

I 
I 

Fig. 13-1 — Equivalent of a transmission line in lumped 
circuit constants. 
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line, in exactly the same way that a definite 
value of actual resistance limits current flow 
when a given voltage is applied. 
The inductance and capacitance per unit 

length of line depend upon the size of the con-
ductors and the spacing between them. The 
closer the two conductors and the greater 
their diameter, the higher the capacitance and 
the lower the inductance. A line with large 
conductors closely spaced will have low imped-
ance, while one with small conductors widely 
spaced will have relatively high impedance. 

"Matched" Lines 

Actual transmission lines do not extend to 
infinity but have a definite length and are 
connected to, or terminate in, a load at the 
"output" end, or end to which the power is 
delivered. If the load is a pure resistance of a 
value equal to the characteristic impedance of 
the line, the current traveling along the line to 
the load does not find conditions changed in 
the least when it meets the load; in fact, the 
load just looks like still more transmission line 
of the same characteristic impedance. Conse-
quently, connecting such a load to a short 
transmission line allows the current to travel 
in exactly the same fashion as it would on an 
infinitely-long line. 

In other words, a short line terminated in a 
purely-resistive load equal to the characteristic 
impedance of the line acts just as though it 
were infinitely long. Such a line is said to be 
matched. In - a matched transmission line, 
power travels outward along the line from the 
source until it reaches the load, where it is 
completely absorbed. 

R.F. on Lines 

The discussion above, although based on 
direct-current flow from a battery, also holds 
when an r.f. voltage is applied to the line. 
The difference is that the alternating voltage 
causes the amplitude of the current at the 
input terminals of the line to vary with the 
voltage, and the direction of current flow also 
periodically reverses when the polarity of the 
applied voltage reverses. In the time of one 
cycle the energy will travel a distance of one 
wavelength along the line wires. The current 
at a given instant at any point along the line 
is the result of a voltage that was applied at 
some earlier instant at the input terminals. 
Hence the instantaneous amplitude of the 
current is different at all points in a one-wave-
length section of line; in fact, the current flows 
in opposite directions in the same wire in adja-
cent half-wavelength sections. However, at 
any given point along the line the current goes 
through similar variations with time that the 
current at the input terminals did. 
The result of all this is that the current 

(and voltage) travels along the wire as a series 
of waves having a length equal to the velocity 
of travel divided by the frequency of the a.c. 
voltage. On an infinitely-long line, or one prop-

erly matched at the load, an a millet er in ,vi ted 
anywhere in the line will show the same cur-
rent, since the ammeter averages out the varia-
tions in current during a cycle. It is only when 
the line is not properly matched that the wave 
motion becomes apparent. This is discussed in 
the next section. 

• STANDING WAVES 
In the infinitely-long line (or its matched 

counterpart) the impedance is the same at 
any point on the line because the ratio of 
voltage to current is always the same. How-
ever, the impedance at the end of the line in 
Fig. 13-2 is zero — or at least extremely small 
— because the line is short-circuited at the 
end. A given amount of power in a very low 
impedance will result in a very large current 
and a very small voltage, as compared with 
the current-voltage ratio that exists in a few 
hundred ohms (which is a typical impedance 
value for some types of transmission lines). 
Something has to happen, therefore, when the 
power traveling along the transmission line 
meets the short-circuit at the end. 
What happens is that the outgoing power, 

on meeting the short-circuit, reverses its direc-
tion of flow and goes back along the trans-
mission line toward the input end. There is a 
large current in the short-circuit, but sub-
stantially no voltage across the line at this 
point. We now have a voltage and current 
representing the power going outward toward 
the short-circuit, and a second voltage and 
current representing the reflected power travel-
ing back toward the source. 
The reflected current travels at the same 

speed as the outgoing current, so its instan-
taneous value will be different at every point 
along the line, in the distance represented by 
the time of one cycle. At some points along the 
line the phase of the outgoing and reflected 
currents will be such that the currents cancel 
each other while at others the amplitude will 
be doubled. At in-between points the ampli-
tude is between these two extremes. The points 

'kA i IA Ye Ye.- LENGTH 
Mort-

Current 
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by ammeter 

Current 
distribution 
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s... polarity 
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Fig. 13-2 — Standing waves of voltage and current along 
a short-circuited transmission line. 
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at which the currents are in and out of phase 
depend only on the time required for them to 
travel and so depend only on the distance 
along the line from the point of reflection. 

In the short-circuit at the end of the line the 
two current components are in phase and the 
total current is large. At a distance of one-half 
wavelength back along the line from the short-
circuit the outgoing and reflected components 
will again be in phase and the resultant current 
will again have its maximum vafite. This is 
also true at any point that is a multiple of a 
half-wavelength from the short-circuited end 
of the line. 
The outgoing and reflected currents will 

cancel at a point one-quarter wavelength, along 
the line, from the short-circuit. At this point, 
then, the current will be zero. It will also be 
zero at all points that are an odd multiple of 
one-quarter wavelength from the short-circuit. 

If the current along the line is measured at 
successive points with an ammeter, it will be 
found to vary about as shown in Fig. 13-2B. 
The same result would be obtained by measur-
ing the current in either wire, since the am-
meter cannot measure phase. However, if the 
phase could be checked, it would be found 
that in each successive half-wavelength sec-
tion of the line the currents at any given in-
stant are flowing in opposite directions, as 
indicated by the solid line in Fig. 13-2C. 
Furthermore, the current in the second wire is 
flowing in the opposite direction to the current 
in the adjacent section of the first wire. This 
is indicated by the broken curve in Fig. 13-2C. 
The variations in current intensity along the 
transmission line are referred to as standing 
waves. The point of maximum line current is 
called a current loop or current antinode and 
the point of minimum line current a current 
node. 

Voltage Relationships 

Since the end of the line is short-circuited, 
the voltage at that point has to be zero. This 
can only be so if the voltage in the outgoing 
wave is met, at the end of the line, by a re-
flected voltage of equal amplitude and oppo-
site polarity. In other words, the phase of the 
voltage wave is reversed when reflection takes 
place from the short-circuit. This reversal is 
equivalent to an extra half -cycle or half-
wavelength of travel. As a result, the outgoing 
and returning voltages are in phase a quarter 
wavelength from the end of the line, and again 
out of phase a half-wavelength from the end. 
The standing waves of voltage, shown at D in 
Fig. 13-2, are therefore displaced by one-
quarter wavelength from the standing waves 
of current. The drawing at E shows the volt-
ages on both wires when phase is taken into 
account. The polarity of the voltage on each 
wire reverses in each half-wavelength section 
of transmission line. A voltage maximum is 
called a voltage loop or antinode and a voltage 
.minimum is called a voltage node. 

Open-Circuited Line 

If the end of the line is open-circuited instead 
of short-circuited, there can be no current at 
the end of the line but a large voltage can 
exist. Again the outgoing power is reflected 
back toward the source. In this case, the out-
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polarity 

Fig. 13-3 — Stan( ing waves of current and voltage 
along an open-cire tited transmission line. 

going and reflected components of current 
must be equal and opposite in phase in order 
for the total current at the end of the line to be 
zero. The outgoing and reflected components 
of voltage are in phase and add together. The 
result is that we again have standing waves, 
but the conditions are reversed as compared 
with a short-circuited line. Fig. 13-3 shows 
the open-circuited line case. 

Lines Terminated in Resistive Load 

Fig. 13-4 shows a line terminated in a resis-
tive load. In this case at least part of the out-
going power is absorbed in the load, and so 
is not available to be reflected back toward the 
source. Because only part of the power is re-
flected, the reflected components of voltage 
and current do not have the same magnitude 
as the outgoing components. Therefore neither 
voltage nor current cancel completely at any 
point along the line. However, the speed at 
which the outgoing and reflected components 
travel is not affected by their amplitude, so 
the phase relationships are similar to those in 
open- or short-circuited lines. 

It was pointed out earlier that if the load 
resistance, Z„ is equal to the characteristic 
impedance, Zo, of the line all the power is ab-
sorbed in the load. In such a case there is no 
reflected power and therefore no standing 
waves of current and voltage. This is a special 
case that represents the change-over point 
between " short-circuited" and " open-cir-
cuited" lines. If Z, is less than Zo, the current 
is largest at the load, while if Z, is greater than 
Zo the voltage is largest at the load. The two 
conditions are shown at B and C, respectively, 
in Fig. 13-4. 
The resistive termination is an important 

practical case. The termination is seldom an 
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Fig. 13-4— Standing wines on a transmission line ter-
minated in a resistive load. 

actual resistor, the most common terminations 
being resonant circuits or resonant antenna 
systems, both of which have essentially re-
sistive impedances. If the load is reactive as 
well as resistive, the operation of the line re-
sembles that shown in Fig. 13-4, but the pres-
ence of reactance in the load causes two 
modifications: The loops and nulls are shifted 
toward or away from the load; and the amount 
of power reflected back toward the source is 
increased, as compared with the amount re-
flected by a purely resistive load of the same 
total impedance. Both effects become more 
pronounced as the ratio of reactance to re-
sistance in the load is made larger. 

Standing- Wave Ratio 

The ratio of maximum current to minimum 
current along a line, Fig. 13-5, is called the 
standing-wave ratio. The same ratio holds for 
maximum voltage and minimum voltage. It 
is a measure of the mismatch between the 
load and the line, and is equal to 1 when the 
line is perfectly matched. ( In that case the 
"maximum" and "minimum" are the same, 
since the current and voltage do not vary along 
the line.) When the line is terminated in a 
purely-resistive load, the standing-wave ratio is 

Z Zo 
S.W.R. = or — 

Zo 

Where S.W.R.= Standing-wave ratio 

Zn.=Impedance of load (must be 
pure resistance) 

Zo= Characteristic impedance of 
line 

Example: A line having a characteristic im-
pedance of 300 ohms is terminated in a resis-
tive load of 25 ohms. The s.w.r. is 

Zo 300 
S.W.R. = — = — = 12 to 1 

Z, 25 

It is customary to put the larger of the two 
quantities, Zr or Zo, in the numerator of the 
fraction so that the s.w.r. will be expressed by 
a number larger than 1. 

It is easier to measure the standing-wave 
ratio than some of the other quantities (such 
as the impedance of an antenna) that enter into 
transmission-line computations. Consequently, 

(13-A) 
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the s.w.r. is a convenient basis for work with 
lines. The higher the s.w.r., the greater the 
mismatch between line and load. In practical 
lines, the power loss in the line itself in-
creases with the s.w.r. 

• INPUT IMPEDANCE 
The input impe(lance of a transmission 

line is the impedance seen looking into the 
sending-end or input terminals; it is the im-
pedance into which the source of power must 
work when the line is connected. If the load 
is perfectly matched to the line the line ap-
pears to be infinitely long, as stated earlier, 
and the input impedance is simply the char-

acteristic impedance of the line itself. How-
ever, if there are standing waves this is no 
longer true; the input impedance may have a 
wide range of values. 

This can be understood by referring to 
Figs. 13-2, 13-3, or 13-4. If the line length is 
such that standing waves cause the voltage at 
the input terminals to be high and the current 
low, then the input impedance is higher than 
the Zo of the line, since impedance is simply 
the ratio of voltage to current. Conversely, 
low voltage and high current at the input ter-
minals mean that the input impedance is 
lower than the line Zo. Comparison of the 
three drawings also shows that the range of 
input impedance values that may be encoun-
tered is greater when the far end of the line is 
open- or short-circuited than it is when the 
line has a resistive load. In other words, the 
higher the s.w.r. the greater the range of input 
impedance values when the line length is 
varied. 

In addition to the variation in the absolute 
value of the input impedance with line length, 
the presence of standing waves also causes 
the input impedance to contain both reactance 
and resistance, even though the load itself 
may be a pure resistance. The only exceptions 
to this occur at the exact current loops or 
nodes, at which points the input impedance is 
a pure resistance. These are the only points at 
which the outgoing and reflected voltages and 
currents are exactly in phase: At all other dis-
tances along the line the current either leads 
or lags behind the voltage and the effect is 
exactly the same as though a capacitance or 

2.0 

1.5 

t1J 1.0 

0.5 

'max 

DISTANCE ALONG LINE — v-

Fig. 13-5 — Measurement of standing-wave ratio. In 
this drawing, In,, is 1.5 and Ind,' is 0.5, so the s.w.r. 
= 1.5/0.5 = 3 to 1. 

1 
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inductance were part of the input impedance 
of the line. 
The input impedance can be represented by 

either a resistance and a capacitance, or as a 
resistance and an inductance, as shown in 
Fig. 13-6. Whether the impedance is inductive 
or capacitive depends on the characteristics of 
the load and the length of the line. It is possible 
to represent the equivalent circuit by resist-
ance and reactance either in series or parallel, 
so long as the total impedance and phase angle 
are the same in either case. Meeting this last 
condition requires different values of resist-
ance and reactance in the series case than in 
the parallel case. 

(A) 

Fig. 13-6— Series and parallel equivalents of a line 
whose input impedance has both reactive and resistive 
components. The series and parallel equivalents do not 
have the same values; e.g., in A, L does not equal L' 
and R does not equal R'. 

The magnitude and character of the input 
impedance is quite important, since it deter-
mines the method by which the power source 
must be coupled to the line. The calculation 
of input impedance is rather complicated and 
its measurement is not feasible with ordinary 
equipment. Fortunately, in amateur work, it 
is unnecessary either to calculate or measure it. 
The proper coupling can be achieved by rela-
tively simple methods described later in this 
chapter. 

Unterminated Lines 

The input impedance of a short-circuited or 
open-circuited line not an exact multiple of 
one-quarter wavelength long is practically a 
pure reactance. This is because there is very 
little power lost in the line. Such lines are fre-
quently used as " linear" inductances and ca-
pacitances. 

If a shorted line is less than a quarter wave 
long, as at X in Fig. 13-2, it will have induc-
tive reactance. The reactance increases with 
the line length up to the quarter-wave point. 
Beyond that, as at Y, the reactance is capaci-
tive, high near the quarter-wave point and 
becoming lower as the half-wave point is ap-
proached. It then alternates between induc-
tive and capacitive in successive quarter-wave 

sections. Just the reverse is true of the open-
circuited line. 

At exact multiples of a quarter wavelength the 
impedance is purely resistive. It is apparent, 
from examination of B and D in Fig. 13-2, that 
at points that are a multiple of a half-wavelength 

i.e., 3x2, 1, 1M wavelengths, etc. — from the 
short-circuited end of the line the current and 
voltage have the same values that they do at the 
short-circuit. In other words, if the line were 
an exact multiple of a half-wavelength long the 
generator or source of power would "look 
into" a short-circuit. On the other hand, at 
points that are an odd multiple of a quarter 
wavelength — i.e., %, 3%, 13%, etc. — from 
the short-circuit the voltage is maximum and 
the current is zero. Since Z = Ell, the im-
pedance at these points is theoretically infinite. 
(Actually it is very high, but not infinite. This 
is because the current does not actually go to 
zero when there are losses in the line. Losses 
are always present, but, usually are small.) 

Impedance Transformation 

The fact that the input impedance of a line 
depends on the s.w.r. and line length can be 
used to advantage when it is necessary to 
transform a given impedance into another 
value. 

Study of Fig. 13-4 will show that, just as in. 
the open- and short-circuited cases, if the line 
is one-half wavelength long the voltage and 
current are exactly the same at the input ter-
minals as they are at the load. This is also 
true of lengths that are integral multiples of a 
half wavelength. It is also true for all values 
of s.w.r. Hence the input impedance of any 
line, no matter what its Z„ that is a multiple 
of a half-wavelength long is exactly the same 
as the load impedance. Such a line can be used 
to transfer the impedance to a new location 
without changing its value. 
When the line is a quarter wavelength long, 

or an odd multiple of a quarter wavelength, 
the load impedance is " inverted." That is, if 
the current is low and the voltage' is high at 
the load, the input impedance will be such as 
to require high current and low voltage. The 
relationship between the load impedance and 
input impedance is given by: 

Zo2 
= 
Zr 

(13-B) 

where Z. = Impedance looking into line (line 
length an odd multiple of one-
quarter wavelength) 

Zr = Impedance of load (must be pure 
resistance) 

Zo = Characterist ic impedance of line 

Example: A quarter-wavelength line having a 
characteristic impedance of 500 ohms is termi-
nated in a resistive load of 75 ohms. The imped-
ance looking into the input or sending end of 
the line is 

Zo2 (500)2 250,000 
Z. — — 3333 ohms 

Zr 75 75 
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If the formula above is rearranged, we have 

20 = (13-C) 

This means that if we have two values of im-
pedance that we wish to " match," we can do 
so if we connect them together by a quarter-
wave transmission line having a characteristic 
impedance equal to the square root of their 
product. A quarter-wave line, in other words, 
has the characteristics of a transformer. 

Resonant and Nonresonant Lines 

Because the input impedance of a line 
operating with a high s.w.r. is critically de-
pendent on the line length, and furthermore 
is usually reactive as well as resistive, special 
tuning means are required for effective power 
transfer from the source to the line. Lines 
operated in this way are commonly called 
"tuned" or " resonant" lines. On the other 
hand, if the s.w.r. is low the input impedance 
is close to the Z. of the line and does not vary 
a great deal with the line length. Such lines 
are called " flat," or " untuned", or " nonreso-
nant ". 
There is no sharp line of demarkation be-

tween tuned and untuned lines. If the s.w.r. 
is below 1.5 to 1 the line is essentially flat, 
since the same coupling method will work with 
all line lengths. If the s.w.r. is above 3 or 4 to 
•1 the type of coupling system, and its adjust-
ment, will depend on the line length and such 
lines fall into the " tuned" category. 

It is always advantageous to make the s.w.r. 
as low as possible. " Tuning the line" be-
comes necessary only when a considerable 
mismatch between the load and the line has 
to be tolerated. The most important practical 
example of this is when a single antenna is 
operated on several harmonically-related fre-
quencies, in which case the antenna impedance 
will have widely-different values on different 
harmonics. 

• RADIATION 

Whenever a wire carries alternating current 
the electromagnetic fields travel away into 
space with the velocity of light. At power-line 
frequencies the field that "grows" when the 
current is increasing has plenty of time to re-
turn or "collapse" about the conductor when 
the current is decreasing, because the alterna-
tions are so slow. But at radio frequencies 
fields • that travel only a relatively short 

tance do not have time to get back to the con-
ductor before the next cycle commences. The 
consequence is that some of the electromagnetic 
energy is prevented from being restored to the 
conductor; in other words, energy is radiated 
into space in the form of electromagnetic waves. 
The amount of energy radiated depends, 

among other things, on the length of the con-
ductor in relation to the frequency or wave-
length of the r.f. current. If the conductor is 
very short compared to the wavelength the 
energy radiated will be small. However, a 
transmission line used to feed power to an 
antenna is not short in this sense; in fact, it is 
almost always an appreciable fraction of a 
wavelength long and may have a length of 
several wavelengths. 
The lines previously considered have con-

sisted of two parallel conductors of the same 
diameter. Provided there is nothing in the sys-
tem to destroy symmetry, at every point 
along the line the current in one conductor has 
the same intensity as the current in the other 
conductor at that point, but the currents flow 
in opposite directions. This was shown in Figs. 
13-2C and 13-3C. It means that the fields 
set up about the two wires have the same in-
tensity, but opposite directions. The conse-
quence is that the total field set up about such 
a transmission line is zero; the two fields "can-
cel out." Hence no energy is radiated. 

Actually, the fields do not completely cancel 
out because for them to do so the two con-
ductors would have to occupy the same space, 
whereas they are slightly separated. However, 
the cancellation is substantially complete if the 
distance between the conductors is very small 
compared to the wavelength. Radiation will 
be negligible if the distance between the con-
ductors is 0.01 wavelength or less, provided 
the currents in the two actually are balanced 
as described. 
The amount of radiation also is proportional 

to the current flowing in the line. Because of 
the way in which the current varies along the 
line when there are standing waves, the ef-
fective current, for purposes of radiation, 
becomes greater as the s.w.r. is increased. For 
this reason the radiation is least when the line 
is flat. However, if the conductor spacing is 
small and the currents are balanced, the radia-
tion from a line with even a high s.w.r. is in-
consequential. A small unbalance in the line 
current.: i, far nior serious. 

Practical Line Characteristics 
The foregoing discussion of transmission 

lines has been based on a line consisting of two 
parallel conductors. Actually, the parallel-
conductor line is but one of two general types. 
The other is the coaxial or concentric line. The 
coaxial line consists of a round conductor 
placed in the center of a circular tube. The 
inside surface of the tube and the outside sur-
face of the smaller inner conductor form the 
two conducting surfaces of the line. 

In the coaxial line the fields are entirely 
inside the tube, because the tube acts as a 
shield to prevent them from appearing outside. 
This reduces radiation to the vanishing point. 
So far as the electrical behavior of coaxial 
lines is concerned, all that has previously been 
said about the operation of parallel-conductor 
lines applies. There are, however, practical 
differences in the construction and use of 
parallel and coaxial lines: 
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• PARALLEL-CONDUCTOR LINES 
A common type of parallel-conductor line 

used in amateur installations is one in which 
two wires (ordinarily No. 12 or No. 14) are 
supported a fixed distance apart by means of 
insulating rods called " spacers." The spacings 
used vary from two to six inches, the smaller 
spacings being necessary at frequencies of the 
order of 28 Mc. and higher so that radiation 
will be minimized. The construction is shown 
in Fig. 13-7. Such a line is said to be air-
insulated. Typical spacers are shown in Fig. 
13-8. The characteristic impedance of such 
"open-wire" lines runs between about 400 
and 600 ohms, depending on the wire size and 
spacing. 

Parallel-conductor lines also are sometimes 
constructed of metal tubing of a diameter of 

to inch. This reduces the characteristic 
impedance of the line. Such lines are mostly 
used as quarter-wave transformers, when dif-
ferent values of impedance are to be matched. 

( ...NO. /2 Or/4 

2-tro 

Fig. 13-7 — Inca! mo.trti«tion of open-wire line. 
'I'he line conductor fits in a groove in the end of the 
spacer, and is held in place bv a tie-u ire anchored in a 
hole near the groove. 

Prefabricated parallel-conductor line with 
air insulation has been developed as a low-loss 
line for television reception and can also be 
used in transmitting applications. This line 
consists of two No. 18 conductors held at a 
spacing of one inch by molded-on spacers. 
The characteristic impedance is 450 ohms. 
A convenient type of manufactured line is 

one in which the parallel conductors are im-
bedded in low-loss insulating material ( poly-
ethylene). It is commonly used as a TV lead-in 
and has a characteristic impedance of 300 
ohms. It is sold under various names, the most 
common of which is " Twin-Lead". This type 
of line has the advantages of light weight, 
close and uniform conductor spacing, flexi-
bility and neat appearance. However, the 
losses in the solid dielectric are higher than in 
air, and dirt or moisture on the line tends to 
change the characteristic impedance. Moisture 
effects can be reduced by coating the line with 
silicone grease. A special form of 300-ohm 
Twin-Lead for transmitting uses a polyethy-
lene tube with the conductors molded diamet-
rically opposite; the longer dielectric path in 
such line reduces moisture troubles. 

13-8 — Typical manufactured transmission lines 
and spacers. 

In addition to 300-ohm line, Twin-Lead is 
obtainable with a characteristic impedance of 
75 ohms for transmitting purposes. Light-
weight 75- and 150-ohm Twin-Lead also is 
available. 

Characteristic Impedance 

The characteristic impedance of an air-
insulated parallel-conductor line is given by: 

Zo = 276 log -b (I3-D) 
a 

where Zo = Characteristic impedance 
b Center-to-center distance between 

conductors 
a = Radius of conductor (in same units 

as b) 

It does not matter what units are used for a 
and b so long as they are the sanie units. Both 
quantities may be measured in centimeters, 
inches, etc. Since it is necessary to have a table 
of common logarithms to solve practical prob-
lems, the solution is given in graphical form 
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Fig. 13-9 — Chart showing the characteristic imped-
ance of spaced-conductor parallel transmission lines 
with air dielectric. Tubing sizes given are for outside 
diameters. 
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in Fig. 13-9 for a number of common con-
ductor sizes. 

In solid-dielectric parallel-conductor lines 
such as Twin-Lead the characteristic imped-
ance cannot be calculated readily, because 
part of the electric field is in air as well as in 
the solid dielectric. 

Unbalance in Parallel- Conductor Lines 

When installing Parallel-conductor lines 
care should be taken to avoid introducing 
electrical unbalance into the system. If for 
some reason the current in one conductor is 
higher than in the other, or if the currents in 
the two wires are not exactly out of phase 
with each other, the electromagnetic fields 
will not cancel completely and a considerable 
amount of power may be radiated by the line. 

Maintaining good line balance requires, 
first of all, a balanced load at its end. For this 
reason the antenna should be fed, whenever 
possible, at a point where each conductor 
"sees" exactly the same thing. Usually this 
means that the antenna system should be fed 
at its electrical center. Even though the an-
tenna appears to be symmetrical, physically, 
it can be unbalanced electrically if the part 
connected to one of the line conductors is 
inadvertently coupled to something (such as 
house wiring or a metal pole or roof) that is 
not duplicated on the other part of the an-
tenna. Every effort should be made to keep 
the antenna as far as possible from other 
wiring or sizable metallic objects. The trans-
mission line itself will cause some unbalance if 
it is not brought away from the antenna at 
right angles to it for a distance of at least a 
quarter wavelength. 

In installing the line conductors take care 
to see that they are kept away from metal. 
The minimum separation between either con-
ductor and all other wiring should be at least 
four or five times the conductor spacing. The 
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Fig. 13-10 — Chart showing characteristic impedance 
of various air-insulated concentric lines. 

shunt capacitance int roduced by close proxim-
ity to metallic objects can drain off enough 
current (to ground) to unbalance the line cur-
rents, resulting in increased radiation. A shunt 
capacitance of this sort also constitutes a 
reactive load on the line, causing an imped-
ance " bump" that will prevent making the 
line actually flat. 

• COAXIAL LINES 
The most common form of coaxial line con-

sists of either a solid or stranded-wire inner 
conductor surrounded by polyethylene dielec-
tric. Copper braid is woven over the dielectric 
to form the outer conductor, and a waterproof 
vinyl covering is placed on top of the braid. 
This cable is made in a number of different 
diameters. It is moderately flexible, and so is 
convenient to install. Some different types are 
shown in Fig. 13-8. This solid coaxial cable is 
commonly available in impedances approxi-
mating 50 and 70 ohms. 

Air-insulated coaxial lines have lower losses 
than the solid-dielectric type, but are less used 
in amateur work because they are expensive 
and difficult to install as compared with the 
flexible cable. The common type of air-in-
sulated coaxial line uses a solid-wire conductor 
inside a copper tube, with the wire held in the 
center of the tube by means of insulating 
"beads" at regular intervals. 

Characteristic Impedance 

The characteristic impedance of an air-
insulated coaxial line is given by the formula 

Zo = 138 log -b (13-E) 
a 

where Zo = Characteristic impedance 
b = Inside diameter of outer conductor 
= Outside diameter of inner con-

ductor (in same units as b) 

Curves for typical conductor sizes are given in 
Fig. 13-10. 
The formula for coaxial lines is approxi-

mately correct for lines in which bead spacers 
are used, provided the beads are not too 
closely spaced. When the line is filled with a 
solid dielectric, the characteristic impedance 
as given by the chart should be multiplied by 

1/N/K, where K is the dielectric constant of 
the material. 

• ELECTRICAL LENGTH 
In the discussion of line operation earlier in 

this chapter it was assumed that currents 
traveled along the conductors at the speed of 
light. Actually, the velocity is somewhat less, 
the reason being that electromagnetic fields 
travel more slowly in material dielectrics than 
they do in free space. In air the velocity is 
practically the same as in empty space, but a 
practical line always has to be supported in 
some fashion by solid insulating materials. 
The result is that the fields are slowed down; 
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Fig. 13-11- Attenuation 
data for common types of 
transmission lines. Curve 
A is the nominal attenua-
tion of 600-ohin open-wire 
line w ith No.12 conductors, 
not including dielectric 
loss in spacers nor possible 
radiation losses. Additional 
line data are given in 
Table 13-1. 
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the currents travel a shorter distance in the 
time of one cycle than they do in space, and 
so the wavelength along the line is less than 
the wavelength would be in free spare at the 
same frequency. 

Whenever reference is made to a line as being 
so many wavelengths (such as a "half-wave-
length" or "quarter wavelength") long, it is to 
be understood that the electrical length of the 
line is meant. Its actual physical length as 
measured by a tape always will be somewhat 

TABLE 13-I 

Transmission-Line Dota 

'Fy ne 

Description 
or Type 
Number 

Charac- 
teristic .. , 
impeo- 
anee 

Velocity 
Factor 

Capaci-
tance 

t... per foot; 
pad. 

Coaxial Air-insulated 50-100 0.851 
11G-8 U 53 0.66 29.5 

RG-58 U 53 0.66 28.5 

RG-11 U 75 0.66 20.5 
RC-59 U 73 0.66 21.0 

Parallel- Air-insulated 200-600 0.9752 

Conduc- 14-0803 75 0.68 19.0 

tor 14-0233 75 0.71 20.0 

14-0793 150 0.77 10.0 

14-0563 300 0.82 5.8 

14-0763 300 0.84 3.9 
14-0223 300 0.85 3.0 

I Average figure for sma I-diameter lines with ceramic beads. 
2 Average figure for lines insulated with ceramic spacers at 

intervals of a few feet. 
3 Amphenol type numbers and data. Line similar to 14-056 

is made by several manufacturers, but rated bes may differ 
from that given in Fig. 13-11. Types 14-023, 14-076, and 
14-022 are made for transmitting applications. 

80 POO 200 500 

less. The physical length corresponding to an 
electrical wavelength is given by 

984 
Length in feet = -- • V (I3-F) 

where f = Frequency in megacycles 
V = Velocity factor 

The velocity factor is the •ratio of the actual 
velocity along the line to the velocity in free 
space. Values of V for several common types 
of lines are given in Table 13-I. 

Example: A 75-foot length of 300-ohm n Twin-
Lead is used to carry power to an antenna at a 
frequeney of 7150 Itc. From Table 13-1, V is 0.82. 
At this frequency (7.15 Mc.) a wavelength is 

954 984 
Length (feet) = - • V = -7.15 X 0.82 

= 137.6 X 0.82 = 112.8 ft. 

The line length is therefore 75/112.8 = 0.665 
wavelength. 

Because a quarter-wavelength line is fre-
quently used as a linear transformer, it is con-
venient to calculate the length of a quarter-
wave line directly. The formida is 

246 
Length (feet) = - • V (13-G) 

where the symbols have the same meaning as 
above. 

• LOSSES IN TRANSMISSION LINES 
There are three ways by which power may 

be lost in a transmission line: by radiation, by 
heating of the conductors (I2R loss), and by 
heating of the dielectric, if any. There is no 
appreciable radiation loss from a coaxial line, 
but radiation from a parallel-conductor line 
may exceed the heat losses if the line is un-
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Fig. 13-12 — Effect of standing-wave ratio on line loss. 
'I he ordinates give the additional loss in decibels for the 
loss, under perfectly-matched conditions, shown mi the 
horizontal scale. 

balanced. Since radiation losses cannot readily 
be estimated or measured, the following dis-
cussion is based only on conductor and dielec-
tric losses. 

heat losses in both the conductor and the 
dielectric increase with frequency. Conductor 
losses also are greater the lower the charac-
teristic impedance of the line, because a 
higher current flows in a low-impedance line 
for a given power input. The converse is true 
of dielectric losses because these increase with 
the voltage, which is greater on high-impedance 
lines. The dielectric loss in air-insulated lines is 

negligible (the only loss is in the insulating 
spacers) and such lines operate at high effi-
ciency when radiation losses are low. 

It is convenient to express the loss in a trans-
mission line in decibels per unit length, since 
the loss in db. is directly proportional to the 
line length. Losses in various types of lines 
operated without standing waves (that is, 
terminated in a resistive load equal to the char-
acteristic impedance of the line) are given in 
graphical form in Fig. 13-11. In these curves 
the radiation loss is assumed to be negligible. 
When there are standing waves on the line 

the power loss increases as shown in Fig. 13-12. 
Whether or not the increase in loss is serious 
depends on what the original loss would have 
been if the line were perfectly matched. If the 
loss with perfect matching is very low, a large 
s.w.r. will not greatly affect the efficiency of 
the line — i.e., the ratio of the power delivered 
to the load to the power put into the line. 

Example: A USO-foot length of RG-11/U cable 
is operating at 7 Mc. with a 5-to-1 s.w.r. If per-
fectly matched, the loss from Fig. 13-1 l would 
be 1.5 X 0.4 = 0.6 db. From Fig. 13-12 the 
additional loss because of the s.w.r. is 0.73 db. 
The total loss is therefore 0.6 -F 0.73 = 1.33 db. 

An appreciable s.w.r. on a solid-dielectric 
line may result in excessive loss of power at 
the higher frequencies. Such lines, whether of 
the parallel-conductor or coaxial type, should 
be operated as nearly flat as possible, particu-
larly when the line length is more than 50 feet 
or so. As shown by Fig. 13-12, the increase in 
line loss is not too serious so long as the s.w.r. 
is below 2 to I, but increases rapidly when the 
s.w.r. rises above 3 to I. Tuned transmission 
lines such as are used with multiband an-
tennas always should be air-insulated, in the 
interests of highest efficiency. 

Matching the Load to the Line 
The load for a transmission line may be any 

device capable of dissipating r.f. power. When 
lines are used for transmitting applications 
the most common type of load is an antenna, 
but there are also practical eases where the 
grid circuit of a power amplifier may repre-
sent the load. When a transmission line is 
connected between an antenna and a receiver, 
the receiver input circuit (not the antenna) is 
the load, because the power taken from a 
passing wave is delivered to the receiver. 
Whatever the application, the conditions 

existing at the load, and only the load, deter-
mine the standing-wave ratio on the line. If 
the load is purely resistive and equal in value 
to the characteristic impedance of the line, 
there will be no standing waves. If the load 
is not purely resistive, and/or is not equal to 
the line Zo, there will be standing waves. No 
adjustments that can be made at the input 
end of the line can change the s.w.r., nor is it 
affected by changing the line length. 

Only in a few special cases is the load in-

herently of the proper value to match a prac-
ticable transmission line. In all other cases it 
is necessary either to operate with a mismatch 
and accept the s.w.r. that results, or else to 
take steps to bring about a proper match be-
tween the line and load by means of trans-
formers or similar devices. Impedance-match-
ing transformers may take a variety of physical 
forms, depending on the circumstances. 

Note that it is essential, if the s.w.r. is to be 
made as low as possible, that the load at the 
point of connection to the transmission line 
be purely resistive. In general, this requires 
that the load be tuned to resonance. If the 
load itself is not resonant at the operating 
frequency the tuning sometimes can be ac-
complished in the matching system. 

• THE ANTENNA AS A LOAD 

Every antenna system, no matter what its 
physical form, will have a definite value of 
impedance at the point where the line is to be 
connected. The problem is to transform this 
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antenna input impedance to the proper value 
to match the line. In this respect there is no 
one "best" type of line for a particular antenna 
system, because it is possible to transform im-
pedances in any desired ratio. Consequently, 
any type of line may be used with any type 
of antenna. There are frequently reasons other 
than impedance matching that dictate the use 
of one type of line in preference to another, 
such as ease of installation, inherent loss in the 
line, and so on. but these are not considered in 
this section. 

Although the input impedance of an an-
tenna system is seldom known very accurately, 
it is often possible to make a reasonably close 
estimate of its value. The information in the 
chapter on antennas can be used as a guide. 

Matching circuits may be constructed using 
ordinary coils and condensers, but are not 
used very extensively because they must be 
supported at the antenna and must be weather-
proofed. The systems to be described use 
linear transformers. 

The Quarter- Wave Transformer or 

"Q" Section 

As described earlier in this chapter, a 
quarter-wave transmission line may be used 
as an impedance transformer. Knowing the 
antenna impedance and the characteristic im-
pedance of the transmission line to be matched, 
the required characteristic impedance of a 
matching section such as is shown in Fig. 13-13 
is 

z = Vzizo 
where Z1 is the antenna impedance and Zo is 
the characteristic impedance of the line to 
which it is to be matched. 

Example: To match a 600-ohm line to an an-
tenna presenting a 72-ohm load, the quarter-
wave matching section would require a charac-

teristic impedance of V72 X 600 = V43,200 
= 208 ohms. 

The spacings between conductors of various 
sizes of tubing and wire for different surge im-
pedances are given in graphical form in Fig. 
13-9. (With 3/2-inch tubing, the spacing in the 
example above should be 1.5 inches for an 
impedance of 208 ohms.) 
The length of the quarter-wave matching 

section is given by Equation 13-G. 
The antenna must be resonant at the operat-

ing frequency. Setting the antenna length by 
formula is amply accurate with single-wire 
antennas, but in other systems, particularly 

Antenna 

lialching 
melon 

Trans. Line 

Fig. 13.13— "Q" matching section, a quarter-wave 
impedance transformer. 

seadiny End 

Fig. 13.14 — Matching the antenna to the line by means 
of a stub, Y. Curves for determining the lengths X and 
Y are given in Figs. 13-15 and 13.16, for the cage where 
the line, section X and section Y all have the same 
characteristic impedance. 

close-spaced arrays, the antenna should be 
adjusted to resonance before the matching 
section is connected. 
When the antenna input impedance is not 

known accurately, it is advisable to construct 
the matching section so that the spacing be-
tween conductors can be changed. The spacing 
then may be adjusted to give the lowest possible 
s.w.r. on the transnn—ion line. 

Stub Matching 

When a transmission line is not matched by 
the load, the impedance looking into the line 
toward the load varies with the distance from 
the load, as discussed earlier in this chapter. 
Considering the input impedance to be equiv-
alent to a resistance in parallel with a re-
actance, at some distance along the line such 
as X in Fig. 13-14 the resistive part of the 
input impedance will be equal to the Zo of the 
line. If at this point a reactance equal to the 
reactive part of the input impedance, but of 
the opposite type, is connected across the line, 
the reactances will cancel and leave only the 
resistive component. From this point back to 
the transmitter or other source of energy the 
line will be matched. 
The reactances used for matching in this 

way are usually linear reactances — sections of 
transmission line — called stubs. Stubs may 
be open or closed, depending on whether the 
free end is left open or is short-circuited, ac-
cording to the type of reactance required in 
a particular case. The type and length of stub, 
as well as the point at which it should be at-
tached to the line, can be found without any 
knowledge of the antenna input impedance, 
providing that the s.w.r. on the line can be 
measured before the stub is attached, and 
providing that the position of a current node 
(voltage loop) can be determined under the 
same conditions. 
When the s.w.r. and the position of a current 

node are known Figs. 13-15 and 13-16 give the 
stub information necessary for impedance 
matching. Stub lengths are given in wave-
lengths, which may be converted to feet with 
the help of Equation 13-F. The data in Figs. 
13-15 and 13-16 are based on the assumption 
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lenyth of 
shorter/stub 
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current node 
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toward sendirwend 
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LENGTH IN WAVELENGTHS 

Fig. 13-15 — Graph for determining position and 
length of a shorted stub. Dimensions may be converted 
to linear units after values have been taken from the 
graph. 

that the line and stub both have the same Zo. 
With this system of matching it is not 

necessary that the antenna system be exactly 
resonant, since the match is based on the posi-
tion of a current node along the line. The node 
nearest the antenna should be used for deter-
mining the position of the stub so that as much 
as possible of the transmission line will be 
operating with a low s.w.r. 

Study of the curves in Figs. 13-15 and 13-16 
will show that when the initial s.w.r. is high 
(over 4 to 1) the sum of the stub length and 
distance from a current node is very close to 
0.25 wavelength in the case of the closed stub 
and to 0.5 wavelength in the case of the open 
stub. In such cases the system may be visual 
ized as shown in Figs. 13-17, as though a 
quarter-wave section of line formed a trans-
former along which the main transmission line 
can be tapped for impedance matching. When 
using this concept the antenna system should 
first be resonated to the operating frequency 
without the matching section attached. The 
positions of the line taps on the matching 
section are then adjusted to give the lowest 
possible s.w.r. on the feed line. 

Folded Dipoles 

A half-wave antenna element itself may be 
used to match various line impedances if it is 
split into two or more parallel conductors with 

S
T
A
N
D
I
N
G
 W
A
V
E
 R
A
T
I
O
 

s 

7 Distance from 

lo nett hs; aft, 
current node 
measured toward 
sending end 

6 

5 

pe 

$ 

3 

2 

I 

e 
,04 —08 • .12 .16 .20 .24 .26 .32 .36 .40 .44 .46 .52 

LENGTH IN WAVELENGTHS 
Fig. 13-16 — Graph for determining position and length 
of an open stub. Dimensions may be converted to 
linear units after values have been taken from the graph. 

the transmission line attached at the center of 
only one of them. Various forms of such 
"folded dipoles" are shown in Fig. 13-18. Cur-
rents in all conductors are in phase in a folded 
dipole, and since the conductor spacing is 
small the folded dipole is equivalent in radiat-
ing properties to an ordinary single-conductor 
dipole. However, the current flowing into the in-
put terminals of the antenna from the line is the 
current in one conductor only, and the entire 
power from the line is delivered at this value 
of current. This is equivalent to saying that 
the input impedance of the antenna has been 
raised by splitting it up into two or more 
conductors. 

If the conductors of a folded dipole are all 
the same diameter and the spacing between 
them is small, the impedance at the input ter-
minals is approximately equal to the input 
impedance of an ordinary dipole multiplied 
by the square of the number of conductors. A 
simple half-wave antenna has an average im-

Antenna 

Open 

Antenna 

For feerfing at 
a current loop 

For feed.ng at 
a voltage loop 

Line 

Cosed 

Fig. 13-17— Matching by means of quarter-wave linear 
transformers. 

pedance of 70 ohms, so a two-conductor folded 
dipole will have an input impedance of 280 
ohms, and a three-conductor dipole an im-
pedance of 630 ohms. These values are suffi-
ciently close for good matching to 300-ohm or 
600-ohm line, respectively. 

Other values of impedance ratio may be 
obtained by making one conductor larger in 
diameter than the other, as shown at C in 
Fig. 13-18. The required ratio of conductor 
radii (or diameters) for a desired impedance 
ratio using two conductors may be obtained from 
Fig. 13-19. Similar information for a 3-conductor 
dipole is given in Fig. 13-20. This graph applies 
where all three conductors are in the same plane 
arid the two conductors not connected to the 
transmission line are equally spaced from the fed 
conductor, and have equal diameters. This di-
ameter may or may not equal the diameter of the 
fed conductor. The unequal-conductor method 
has been found particularly useful in matching to 
low-impedance antennas such as directive 
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(A) 

-)2‘ 

Line 

(B) Line 

(C) [Line 

Fig. 13-18 — The folded dipole, a method for using the 
antenna element itself to pros ide an impedance trans-
formation. 

arrays using close-spaced parasitic elements. 
The length of the antenna element should 

be such as to be approximately self-resonant 
at the median operating frequency. The length 
is usually not highly critical, because this 
method of matching tends to compensate for 
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Fig. 13-19 — Impedance transformation ratio, two-
conductor folded dipole. The dimensions di, cis and s are 
shown on the inset drawing. Curves show the ratio of 
the impedance (resistive) seen by the transmission line 
to the radiation resistance of the resonant antenna 
system. 

changes in antenna reactance with frequency 
and thus broadens the frequency-response 
curve of the antenna. 

"T" and "Gamma" Matching Sections 

The method of matching shown in Fig. 
13-21A is based on the fact that the impedance 
between any two points along a resonant an-
tenna is resistive, and has a value which de-
pends on the spacing between the two points. 
It is therefore possible to choose a pair of points 
between which the impedance will have the 
right value to match a transmission line. In 
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Fig. 13-20 — Impedance transformation ratio, three-
conductor folded dipole. l'he dimensions di, ds and s 
are shown on the inset drawing. Curves show the ratio 
of the impedance (resistive) seen by the transmission 
line to the radiation resistance of the resonant antenna 
system. 
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practice, the line cannot be connected directly 
at these points because the distance between 
them is much greater than the conductor spac-
ing of a practicable transmission line. The 
"T" arrangement in Fig. 13-21A overcomes 
this difficulty by using a second conductor 
paralleling the antenna to form a matching 
section to which the line may be connected. 
The "T" is particularly suited to use with a 

parallel-conductor line, in which case the two 
points along the antenna should be equidistant 
from the center so that electrical balance is main-
tained. 
The operation of this system is somewhat com-

plex. Each "T" conductor (y in the drawing) 
forms with the antenna conductor opposite it a 
short section of transmission line. Each of these 
transmission-line sections can be considered to be 
terminated in the impedance that exists at the 
point of connection to the antenna. Thus the 
part of the antenna between the two points car-
ries a transmission-line current in addition to the 
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normal antenna current. The two transmission-
line matching sections are in series, as seen by 
the main transmission line. 

If the antenna by itself is resonant at the op-
erating frequency its impedance will be purely 
resistive, and in such case the matching-section 
lines are terminated in a resistive load. However, 
since these sections are shorter than a quarter 
wavelength their input impedance — i.e., the 
impedance seen by the main transmission line 
looking into the matching-section terminals — 
will be reactive as well as resistive. This prevents 
a perfect match to the main transmission line, 
since its load must be a pure resistance for perfect 
matching. The reactive component of the input 
impedance must be tuned out before a proper 
match can be secured. 
One way to do this is to detune the antenna 

just enough, by changing its length, to cause 
reactance of the opposite kind to be reflected to 
the input terminals of the matching section, thus 
cancelling the reactance introduced by the latter. 
Another method, which is considerably easier to 
adjust, is to insert a variable condenser in series 
with the matching section where it connects to 
the transmission line, as shown in Fig. 13-22. A 
condenser having a maximum capacitance of 
150 !add. or so will be about right in the average 
case, for 14 Mc. and higher. The condenser must 
be protected from the weather. 
The method of adjustment commonly used is 

to cut the antenna for approximate resonance 
and then make the spacing x some value that 
is convenient constructionally. The distance y 
is then adjusted, while maintaining symmetry 
with respect to the center, until the s.w.r. on 
the transmission line is as low as possible. If 
the s.w.r. is not below 2 to 1 after this adjust-
ment, the antenna length should be changed 
slightly and the matching-section taps adjusted 
again. This process may be continued until the 
s.w.r. is as close to 1 to 1 as possible. 
When the series-condenser method of reactance 

compensation is used (Fig. 13-22) the antenna 
should be the proper length to be resonant at 
the operating frequency. Trial positions of the 
matching-section taps are taken, each time ad-
justing the condenser for minimum s.w.r., until 
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Line 

Y __14 
(B) 

 1 

Fig. 13.21— The "T" match and "gamma" match. 

the standing waves on the transmission line are 
brought down to the lowest possible value. 
The unbalanced (" gamma") arrangement 

in Fig. 13-21B is similar in principle to the 
"T," but is adapted for use with single coax 
line. The method of adjustment is the same. 

Dimensions of matching sections in practical 
cases are given in the chapter on antennas. 

C, 
Trans. 
Line 

cL 

Tran.S. 
Line 

Fig. 13-22 — Using series condensers for tuning out 
reactance in the matching section with the "T" match 
and "gamma" match. The condenser C should have a 
maximum capacitance of approximately 150 ggfd. for 
14 Mc. and may have proportionately lower capaci-
tances for shorter wavelengths. Receiving-type con-
densers can be used for powers up to a few hundred 
watts. 

The "Delta" Match 

The matching system in Fig. 13-23 is based 
on the variation in impedance between two 
points symmetrically located with respect to 
the center of the antenna, as in the case of the 
"T" match, but uses a different matching 
section. If the two conductors of a transmission 
line are fanned out, the Zo of the line will in-
crease with the increase in spacing. A fanned 
section of line can be used to match a given 
load impedance to the Zo of a uniformly-
spaced transmission line, provided the line 
Zo is lower than the impedance of the load. 
Strictly, such a match can be made only if the 
conductor spacing in the fanned section of line 
increases at an exponential rate, but the 
"delta" arrangement in Fig. 13-23 is a rough 
approximation to this type of spacing. 

Dimensions a and b in Fig. 13-23 depend on 
the antenna impedance (whether it is a simple 
half-wave antenna or the driven element of a 
multielement beam), the size of the conductors 
in the delta, and the Zo of the transmission line 
to be matched. Methods for calculation are not 
available, but dimensions for practical cases 
are given in the chapters on antennas. 

Line Balancers 

An antenna with open ends, of which the half-
wave type used as an illustration in this section 
is an example, is inherently a balanced radiator, 
having equal and opposite voltages at its ends 
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\i 
Fig. 13-23 — The "( el a- matehing section. 

and minimum voltage at the center. When opened 
at the center and fed with a parallel-conductor 
line this balance is maintained throughout the 
system, including the transmission line, so long 
as the causes of unbalance discussed earlier in 
this chapter are avoided. 

If the antenna is fed at the center through a 
coaxial line, as indicated in Fig. 13-24A, this 
balance is upset because one side of the radiator 
is connected to the shield while the other is con-
nected to the inner conductor. The antenna cur-
rent on the side connected to the shield can flow 
down over the outside of the coaxial line, and the 
fields thus set up cannot be cancelled by the 
fields from the inner conductor because the fields 
inside the line cannot escape through the shield-
ing afforded by the outer conductor. Hence these 
"antenna" currents flowing on the outside of the 
line will be responsible for radiation. (In the 
gamma match of Fig. 13-21B such radiation is 
largely prevented because 1 he radiator is con-
tinuous and the outer conductor is connected to 
its center, a point which is at ground potential.) 

Line radiation can be prevented by a number 
of devices whose purpose is to detune or decouple 
the line for "antenna" currents and thus greatly 
reduce their amplitude. Such devices generally 
are known as baluns (a contraction for "balanced 
to unbalanced"). Fig. 13-24B shows one such 
arrangement, known as a bazooka, which uses a 
sleeve over the transmission line to form, with 
the outside of the outer line conductor, a shorted 
quarter-wave line section. As described earlier in 
this chapter, the impedance looking into the 
open end of such a section is very high, so that 
the end of the outer conductor of the coaxial 
line is effectively insulated from the part, of the 
line below the sleeve. The length is an electrical 
quarter wave, and may be physically shorter if 
the insulation between the sleeve and the line 
is other than air. The bazooka has no effect on 
the impedance relationships between the antenna 
and the coaxial line. 

Another method that gives an equivalent effect 
is shown at C. This uses a second conductor, 
generally of the same diameter 118 the coaxial 
line (a piece of the same type of line may be 
used, the inner conductor being disregarded) to 
form a parallel-conductor quarter-wave " insula-
tor," thus isolating both halves of the antenna 
equally from the remainder of the line below the 
shorting connect ion. 

Fig. 13-24D shows a third balun, in which 
equal and opposite voltages, balanced to ground, 
are taken from the inner conductors of the main 
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big. 13-24 — Radiator with coaxial feed (A) and meth-
ods of preventing unbalance currents from flowing on 
the outside of the transmission line (B and C). The half. 
wave phasing section shown at D is used for coupling 
between an unbalanced and a balanced circuit when a 

intpedance ratio is desired or can be accepted. 
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transmission line and a half-wave phasing sec-
tion. Since the voltages at the balanced end are 
in series while the voltages at the unbalanced 
end are in parallel, there is a 4-to-1 step-down 
in impedance from the balanced to the un-
balanced side. This arrangement is useful for 
coupling between a balanced 300-ohm line and a 
75-ohm coaxial line, for example. 

• NONRADIATING LOADS 
Important practical cases of nonradiating 

loads for a transmission line are the grid circuit 
of a power amplifier (considered in the chapter 
on transmitters), the input circuit of a receiver, 
and another transmission line. This last case 
includes the "antenna tuner" — a misnomer 
because it is actually a device for coupling a 
transmission line to the transmitter. Because of 
its importance in amateur installations, the an-
tenna coupler is considered separately in a later 
section of this chapter. 

Coupling to a Receiver 

A good match between an antenna and its 
transmission line does not guarantee a low 
standing-wave ratio on the line when the an-
tenna system is used for receiving. The s.w.r. 
is determined wholly by what the line " sees" 
at the receiver's antenna-input terminals. For 
minimum s.w.r. the receiver input circuit must 
be matched to the line. The rated input im-
pedance of a receiver is a nominal value that 
varies over a considerable range wit h fre-

quency. Methods for bringing about a proper 
match are discussed in the chapter on re-
ceivers. 

It should be noted that if the receiver is 
matched to the line, then it is desirable that 
the antenna and line also be matched, since 
this results in maximum signal transfer from 
the antenna to the line. If the receiver is not 
matched to the line, the input impedance of 
the line (at the terminals of the antenna itself) 
in turn cannot match the antenna impedance. 
In such a ease the signal input to the receiver 
depends on the coupling system used between 
the line and the receiver. For greatest signal 
strength the coupling system has to be ad-
justed to the best compromise between re-
ceiver input impedance and load appearing 
at the input (antenna) end of the line. The 
proper adjustments must be determined by 
experiment. 
A similar situation exists when the receiver 

input impedance inherently matches the line 
Zo, but the line and antenna are mismatched. 
Under these conditions perfect matching at 
the receiver does not result in great t1 signal 
strength; a deliberate mismatch has to be in-
troduced so that the maximum power will be 
taken from the antenna. 
The most desirable condition is that in which 

the receiver is matched to the line Zo and the 
line in turn is matched to the antenna. This 
transfers maximum power from the antenna to 
the receiver with the least loss in the transmission 
line. 

Coupling the Transmitter to the Line 
The type of coupling system that will be 

needed to transfer power adequately from the 
final r.f. amplifier to the transmission line de-
pends almost entirely on the input impedance 
of the line. As shown earlier in this chapter, the 
input impedance is determined by the standing-
wave ratio and the line length. The simplest 
case is that where the line is terminated in its 
characteristic impedance so that the s.w.r. is 
1 to 1 and the input impedance is merely the Zo 
of the line, regardless of line length. 

Coupling systems that will deliver power into a 
flat line are readily designed. For all practical 
purposes the line can be considered to be flat if 
the s.w.r. is no greater than about 1.5 to 1. 
That is, a coupling system designed 
to work into a pure resistance equal 
to the line Zr will have enough lee-
way to take care of the small varia-
tions in input impedance that 
will occur when the line length is 
changed, if the s.w.r. is higher than 
1 to 1 but no greater than 1.5 to 1. 
Coupling circuits suitable for 

coaxial lines are discussed in the 
chapter on transmitters. As stated in 
that chapter, an untuned " pick-up" 
or " link" coil connected directly to 
the transmission line should have an 

inductance such that the reactance at the operat-
ing frequency is approximately equal to the Zo 
of the line, to assure adequate coupling to a line 
that is actually flat. While this condition is some-
times met well enough at the higher frequencies, 
at least for coaxial lines, by manufactured link 
coils, it is definitely not met when a parallel-
conductor line having a Zo of 300 ohms or more is 
used. The optimum pick-up coil for coupling to 
such lines will have about the same inductance as 
the plate tank coil itself. 
Amateurs are frequently successful in coupling 

power into a line even though the pick-up coil is 
quite small and is loosely coupled to the amplifier 
tank coil. When such coupling is possible it is an 

e e,  Cond. 
Parallel 

° 

Alternative kr use 
with small /inks 

Parallel 
Cond. 
Li»e 

Fig. 13-25 — Tuned circuits for coupling to a flat parallel-conductor 
line. Values for Ci are given in Table 13- II: Li is chosen to resonate 
with the value given at the operating frequency. In the alternative 
circuit the total inductance of L1, L2 and L3 should equal Li in the 
circuit at the left. 
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TABLE 13-II 

Capacitance in pfd. Required for Coupling to 300-
and 600-Ohm Flat Lines with Tuned Coupling 

Circuit 

Frequency Characteristic Impedance of Line 
Band 300 600 
Mc. ohms ohms 

1.8 600 300 
3.5 300 150 
7 150 75 

14 75 40 
28 40 20 

Nate: Inductance in circuit must be adjusted to 
resonate at operating frequency. 

indication that the line is operating at a fairly 
high s.w.r. and that the line length is such as to 
bring a current loop near the input end. It is cus-
tomary to " prune" the line length in such cases 
until adequate coupling is secured — a practice 
that has given rise to the wholly fallacious belief, 
on the part of many, that pruning the line re-
duces the standing-wave ratio and that a flat 
line will load an amplifier with a small link 
and very loose coupling. Pruning the line accom-
plishes nothing if t he line is actually flat because, 
as explained earlier in this chapter, the input 
impedance of a matched line is equal to its 
Zo regardless of the line length. If the line is not 
flat, pruning changes the input impedance and 
eventually results in a value such that the link or 
pick-up coil is actually tuned to the operating 
frequency by the line, a condition that will give 
maximum power transfer with minimum cou-
pling. The higher the s.w.r. the more loose the 
coupling can be. Although there is nothing in-
herently wrong with this method of adjustment, 
it works only when the s.w.r. is fairly high and 
will not work with a line that actually is flat. 

Tuned Coupling 

A tuned coupling circuit has the same advan-
tages, when used with properly-terminated paral-
lel-conductor lines, that were outlined in the 
transmitting chapter in connection with coaxial 
lines. The principles are the same as well, but 
a resistance of 300 to 600 ohms is too high to be 
connected in series with a tuned 
circuit. Consequently, parallel-
tuned circuits must be used with 
these lines. Typical arrangements 
are shown in Fig. 13-25. The ca-
pacitance values given in Table 
13-11 are for a Q of 2 and are the 
minimum values that should be 
used. The Q may be increased, 
permitting full power transfer 
with looser coupling between the 
coils, by increasing the capaci-
tance and decreasing the induc-
tance correspondingly to maintain 
resonance. 
The capacitance values given 

are the total capacitance required, 
so if a balanced condenser is used 
as indicated at C1 in Fig. 13-25 

-5 
z 
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each section of the condenser should have twice 
the capacitance given. A single-ended condenser 
may be used if care is taken to mount it far enough 
away from the chassis or any other grounded 
conductor so that the capacitance from stator 
and frame to ground is small. In such case the 
condenser should be tuned by an insulated ex-
tension shaft. 
The series-tuned circuit shown in the trans-

mitter chapter for coax line can be adapted to 
use with 75-ohm parallel-conductor line by using 
two variable condensers, one in each line con-
ductor and each having twice the capacitance 
specified, and removing the ground connection. 
This is the best arrangement for maintaining 
balance to ground, but if reasonable care is taken 
to mount the condenser as described in the pre-
ceding paragraph, a single condenser may be 
used. In that case the only circuit difference is 
that neither side of the line should be grounded. 

Link Coupling 

The coupling arrangements for parallel-con-
ductor line shown in Fig. 13-25 are not entirely 
satisfactory from a constructional standpoint. It 
is usually more convenient to build the coupling 
apparatus separate from the final amplifier, 
and this leads to greater operating flexibility 
as well. For lines operating at a low standing-
wave ratio this is easily accomplished by 
connecting the amplifier and coupling circuits 
through a short length of transmission line or 
"link." When properly designed and adjusted, 
the tuning of both circuits will be completely 
independent of the length of the line connecting 
them. This method has the further advantage 
that, if the connecting line is coaxial cable, it 
offers an ideal spot for the insertion of low-pass 
filters for preventing harmonic interference to 
television and FM reception. 
The circuit for coax-link coupling is given in 

Fig. 13-26. The constants of the tuned circuit 
CiL3 are not particularly critical; the principal 
requirement is that the circuit must be capable of 
being tuned to the operating frequency. Con-
stants similar to those used in the plate tank 
circuit will be satisfactory. The construction of 

L, L2 
—CoJ Li,re 

3 

L, 

FL—e--
S W R 
BRIDGE 

-= L3 

Line 

Set-up for Initial /least/Mot 
Fig. 13-26 — Matching circuits using a coaxial link, for use with parallel. 
conductor transmission lines. Adjustment set-up using an s.w.r. bridge is 
shown in the lower drawing. Design considerations and method of adjust-
ment are discussed in the text. 
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Lo must be such that it can be tapped at least 
every turn. L2 must be tightly coupled to L3, 
and the inductance of L2 should be approxi-
mately the value that gives a reactance equal to 
the Zo of the connecting line at the frequency in 
use. An average reactance of about 60 ohms will 
suffice for either 52- or 75-ohm coaxial line. 
The coupling circuit at the amplifier end is 

merely designed and adjusted for working into a 
flat coaxial line, as described in the transmitter 
chapter. Hence the adjustment of coupling at 
the output end (L2L3C1) is entirely independent 
of the adjustment at the input end (tank cir-
cuit and L1). 
When the system is properly designed and 

operated, the circuit formed by L2LoCi acts 
purely as a matching device to transform the 
input impedance of the main transmission line to 
a value equal to the Zo of the coaxial link. 
The most satisfactory way to set up the system 

initially is to connect a coaxial s.w.r. bridge in 
the link as shown in Fig. 13-26. A simple resist-
ance bridge such as is described in the chapter on 
measurements is perfectly adequate, requiring 
only that the transmitter output be reduced to a 
very low value so that the bridge will not be over-
loaded. Take a trial position of the line taps on 
L3, keeping them equidistant from the center 
of the coil, and adjust CI for minimum s.w.r. 
as indicated by the bridge. If the s.w.r. is not 
close to 1 to 1, try new tap positions and adjust 
C1 again, continuing this procedure until the 
s.w.r. is practically 1 to 1. The setting of C1 and 
the tap positions may then be logged for future 
reference, since they will not change so long 118 the 
antenna system and frequency are not changed. 
At this point, check the link s.w.r. over the fre-
quency range normally used in that band, with-
out changing the setting of C1. No readjustment 
will be required if the s.w.r. does not exceed 1.5 
to 1 over the range, but if it goes higher it is 
advisable to note as many settings of C1 as may 
be necessary to keep the s.w.r. below 1.5 to 1 at 
any part of the band. Changes in the link s.w.r. 
are caused chiefly by changes in the s.w.r. on 
the main transmission line with frequency, and 
relatively little by the coupling circuit itself. A 
single setting of CI at mid-frequency will suffice 
if the antenna itself is broad-tuning. 

If it is impossible to get a 1-to-1 s.w.r. at any 
settings of the taps or CI, the s.w.r. on the main 
transmission line is high and the line length is 
probably unfavorable. Ordinarily there should be 
no difficulty if the transmission-line s.w.r. is not 
more than about 3 to 1, but if the line s.w.r. is 
higher it may not be possible to bring the link 
s.w.r. down except by using the methods for re-
actance compensation described in a subsequent 
section. 
The matching adjustment can be considerably 

facilitated by using a variable condenser in series 
with the matching-circuit coupling coil as shown 
in Fig. 13-27. The additional adjustment thus 
provided makes the tap settings on L3 much less 
critical since varying C2 has the effect of varying 
the coupling between the two circuits. For 

optimum control of coupling, L2 should lie some-
what larger than when C2 is not used — perhaps 
twice the reactance recommended above -- and 
the reactance of C2 at maximum capacitance 
should be the same as that of L2 at the operating 
frequency. L3 and C1 are the same as before. The 
method of adjustment is the same, except that 
for each trial tap position C1 and C2 are alter-
nately adjusted, a little at a time, until the s.w.r. 
is brought to its lowest possible value. In general, 
the adjustment sought should be the one that 
keeps C2 at the largest possible capacitance, since 
this broadens the frequency response. Also, the 
taps on L3 should be kept as far apart as possible, 
while still permitting a match, since this also 
broadens the frequency response of the circuit. 

Fig. 13-27 — Using a series condenser for control ol 
coupling between the link and line circuits with the 
coax-coupled matching circuit. 

Once the matching circuit is properly adjusted, 
the s.w.r. bridge may be removed and full power 
applied to the transmitter. The input should be 
controlled by the coupling between L1 and the 
amplifier tank coil, never by making any changes 
in the settings of the matching circuit. If the 
amplifier will not load properly, tuned coupling 
should be used into the coax link. 

It is possible to use a circuit of this type with-
out initially setting it up with the s.w.r. bridge. 
In such a ease it is a matter of cut-and-try until 
adequate power transfer between the amplifier 
and main transmission line is secured. However, 
this method frequently results in a high s.w.r. 
in the link, with consequent power loss, " hot 
spots" in the coaxial cable, and tuning that is 
critical with frequency. The bridge method is 
simple and gives the optimum operating condi-
tions quickly and with certainty. 

e "TUNED" LINES 
If the s.w.r. on a transmission line is high 

enough to cause the input impedance to change 
appreciably as the applied frequency is varied. 
the coupling between the transmitter and the line 
must be changed accordingly to keep the amplifier 
loading constant. So far as the coupling apparatus 
is concerned, the principal difference between flat 
and tuned lines is that the system can be designed 
for relatively constant impedance for flat lines, 
but must be capable of coupling into a wide range 
of impedances if the line is " tuned." 
As mentioned earlier, a simple coil can be used 

for coupling to a line having a high standing-wave 
ratio providing the line length is adjusted so 
there is a current loop near the point where it 
connects to the pick-up coil. The coupling will be 
maximum, for a given degree of separation be-
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Fig. 13-28 — Series and parallel t g. This method is useful with 
resonant lines when the length is such as to bring either a current or 
voltage loop near the input end. Design data and methods of adjust-
ment are given in the teat. 

tween the pick-up coil and the amplifier tank 
coil, if the line is pruned to a length such that the 
input impedance is just sufficiently capactitive to 
cancel the inductive reactance of the pick-up coil. 
This can be done by cut-and-try. The higher the 
s.w.r. on the line the easier it becomes to load the 
amplifier with loose coupling between the two 
coils. Whether or not good loading can be ob-
tained over a band of frequencies depends on 
the characteristics of the antenna system. The 
sharper the antenna and the higher the line 
s.w.r. the more difficult it becomes to operate 
over a band without progressively changing the 
line length. 

Series and Parallel Tuning 

Rather than adjusting the line length to fit a 
given coupling coil, it is more practical to adjust 
the coupling circuit to fit the conditions existing 
at the input end of the transmission line. 
A high standing-wave ratio occurs principally 

on parallel-conductor lines, either because no 
attempt has been made at matching the antenna 
and the line or because the system is used for 
multiband operation, which precludes such 
matching. In the latter case, cutting the line 
length to a multiple of a quarter wavelength will 
bring either a current or voltage loop near the 
input terminals of the transmission line (assuming 
that the antenna itself is resonant) depending on 
the termination and the line length. If there is 
a current loop near the input end the impedance 
will be lower than the line Zo; if a voltage loop, 
the input impedance will be higher than the line 
Zo. In both cases the input impedances will be 
essentially resistive. 

Under these conditions the circuit arrange-
ments shown in Fig. 13-25 will work satisfactorily. 
Series tuning is used when a current loop occurs 
at the input end of the line; parallel tuning when 
there is a voltage loop at the input end. In the 
series case, the circuit formed by LI, C1 and C2 
with the line terminals short-circuited should 
tune to the operating frequency. C1 and C2 should 

be maintained at equal capii,•it 
In the parallel case, the iiuit 

Low R formed by L1 and C1 should tune to 
resonance with the line disconnected. 
The LIC ratio in either circuit 

depends on the transmission line Zo 
and the standing-wave ratio. With 
series tuning, a high L/C ratio must 
be used if the s.w.r. is relatively low 
and the line Zo is high. With parallel 
tuning, a low L/C ratio must be used 
if the s.w.r. is relatively low and the 
transmission-line Zo also is low. 
\\ it li either series or parallel tuning 
the L/C ratio becomes less critical 
when the s.w.r. is high. As a first 
approximation, coil and condenser 
values of the same order as those 
used in the plate tank circuit may 
be tried. 
To adjust the series-tuned circuit, 

first couple L1 loosely to the ampli-
fier tank coil and then vary C1 and C2, keeping 
their capacitances equal, until the setting is 
found that makes the amplifier plate current 
kick upward. Keep adjusting the amplifier tank 
condenser, C, for minimum plate current while 
this is being done. When the proper settings are 
found, increase the coupling between the two 
coils until the amplifier draws normal plate cur-
rent with C adjusted for minimum. It is unneces-
sary to readjust C1 and C2 when the coupling is 
increased. Keep the coupling between the coils 
at the smallest value that will load the amplifier 
properly. If full loading cannot be obtained with 
the tightest possible coupling, use a coil of more 
inductance at Ls. 
The same adjustment procedure is used with 

parallel tuning, except that there is only one 
condenser, CI. If full loading cannot be secured, 
reduce the inductance of Li and increase C1 cor-
respondingly to maintain the same frequency, 
until the amplifier loads properly. 
The r.f. ammeters shown in Fig. 13-28 are not 

strictly necessary, but are useful for indicating 
maximum output. They may be omitted if de-
sired; in most cases the amplifier plate current is 
a good enough indication of output, providing 
the amplifier is operating at normal ratings and 
efficiency. 

In case full loading cannot be obtained even 
when the L/C ratio is varied, the type of tuning 
in use probably is not suitable and should be 
changed; e.g., from series to parallel. If satisfac-
tory loading still cannot be secured, the probabil-
ity is that the s.w.r. is quite low and the coupling 
methods designed for flat lines, described earlier, 
should be used. 
Two condensers are used in the series-tuned 

circuit in order to keep the line balanced to 
ground. This is because two identical condensers, 
both connected with either their stators or rotors 
to the line, will have the same capacitance to 
ground. A single condenser would be perfectly 
usable so far as the operation of the coupling 
circuit is concerned, but will slightly unbalance 
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the circuit because the frame has more capaci-
tance to ground than the stator. The unbalance is 
not especially serious unless the condenser is 
mounted near a large mass of metal, such as a 
chassis or shield assembly. 
A balanced condenser is used in the parallel 

circuit, in preference to a single unit, for the same 
reason. An alternative scheme to maintain bal-
ance is to use two single-ended condensers in 
parallel, but with the frame of one comieeted to 
one side of the line and the frame id the other 
connected to the other side of the line. The same 
two condensers may be switched in series when 
series tuning is to 1st used. 

Link Coupling 

The circuits shown in Fig. 13-28 require a 
means for varying the coupling between two 
sizable coils, a thing that is somewhat incon-
venient constructionally. It is easier to use 
separate fixed mountings for the final tank and 
antenna coils and couple them by means of a 
link. As explained in the chapter on circuit 
fundamentals, a short link is equivalent to provid-
ing mutual inductance between two tuned cir-
cuits. Typical arrangements for series and parallel 
tuning are shown in Fig. 13-29. Although these 
drawings show variable coupling at both ends 
of the link, a fixed link coil can be used at either 
end so long as variable coupling is available at 
the other. 
There is no essential difference between 

the tuning procedures with these circuits and 
those of Fig. 13-28. The only change is that 
the coupling is adjusted by means of a link 
instead of by varying the spacing between 
L and Lt. 

In cases where the link will be more than a 
few inches long, or when coaxial cable is tii is• 
used for the link, it is much better to consider 
the link as a transmission line that should be 
properly mal I. The circuit of Fig. 13-26 is 
recommended in that case, exeept that eit bur 
a series- or parallel-tuned circuit is sui st it ti ti il 
for C1L3 in that figure. The same must kra-
tions apply with respect to the sizes of the link 
coils, and the best adjustment procedure is 
that using an s.w.r. bridge. 

Lines of Random Length 

Series or parallel tuning rill always work 
satisfactorily with lines having a high stand-
ing-wave ratio so long as the electrical length 
of the line is approximately a multiple of a quarter 
wavelength. I lowever, it is not always possible to 
couple satisfaeti oily when interMisliate line 
lengths are useil. This is because at si one lengt lis 
the input impedance of the line has a considerable 
reactive component, and because the resistive 
component is too large to be connected in series 
with a tuned circuit and too low to be connected 
in parallel. 
The coupling system shown in Fig. 13-26 is 

capable of handling the resistive component of 
the input impedance of the transmission lines 
used in most amateur installations, regardless of 

the standing-wave ratio on the line. Conse-
quently, it can generally be used wherever either 
series or parallel tuning would normally be called 
for, simply by setting the taps properly on the 
coil. (A possible exception is where the s.w.r. is 
considerably higher than 10 to 1 and the line 
length is such as to bring a current loop at the 
input end. In such a ca,,e the resistance may be 
only a few ohms, which is difficult to nettefi by 
means of taps on a coil.) 

Within limits, the same circuit is capable of 
being adjusted to compensate for the reactive 
component of the input impedance; this merely 
means that a 1-to-i s.w.r. in the link will be ob-
tained at a different setting of C1 ( Fig. 13-26) 
than would be the case if the line " looked like" 
a pure resistance. Sometimes, however, C1 does 
not have enough range available to give complete 
compensation, particularly when (as is the case 
with some line lengths when the s.w.r. is high) 
the input impedanee is principally reactive. 

Under such conditions it is necessary, if the 
line hsigt h cannot be changed to a tie re satisfac-
tory aliie, to provide additional means for 
compensating for or " cancelling out " the reactive 
component of the input impedance. As described 
earlier in this chapter ( Fig. 13-6) the input im-
pedance can be ronsidered to be equivalent to a 
circuit consisting either of resistance and induct-
ance or resistance and capacitance. It is generally 
more convenient to consider these elements as a 

PARALLEL 

Fig. 13-29 — Link-coupled series and parallel tuning. 

Line 

parallel combination, Si) if the line " looks like" 
Lye at A in Fig. 13-6, it is apparent that if we 
conneet a cm pacit anee of the right value across 
L' the circuit will become resonant and will ap-
pear to be a pure resist alive of the value R' 
Similarly, conneeting an inductance of the right 
value acros: (" in Fig. 13-611 will resonate the 
circuit and the impedance will be equal to R'. 
The resistive impedance that remains can easily 
be matehed to the coax link by means of the 
circuit of Fig. 13-26. 
The practical application of this principle is 

shown in Fig. 13-30, where L and C are the react-
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ances required to cancel out the line reactance, 
L for cases where the line is capacitive, C for lines 
having inductive reactance. The amount of either 
inductance or capacitance required is easily 
determined by trial. Using the s.w.r. bridge in 
the coax link, first disconnect the main transmis-
sion line and connect a noninductive resistor to 
the line terminals. A or 1-watt carbon resistor 
of about the same resistance as the line Zo will do. 
Adjust the coil taps and C1 for a 1-to-1 standing-
wave ratio in the link. as described earlier. This 
determines the proper setting of C1 for a purely 
resistive load. Then take off the resistor and con-
nect the line, again adjusting the taps and C1 for 
minimum s.w.r. If a 1-to-1 ratio can be obtained 
further compensation is not needed, but if not, 
make the s.w.r. as low as possible and compare the 
new setting of C1 with the original setting. If the 
capacitance has increased, the line reactance is 
inductive and a condenser must be connected at 
C in Fig. 13-30. The amount of capacitance needed 
to bring the proper setting of C1 near the original 
setting can be determined by trial. On the other 
hand, if the capacitance of C1 is less than the 
original, an inductance must be connected at L. 
Trial values will show when the proper tuning 
conditions have been reached. It is not necessary 

To 
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Fig. 13-30 — Reactance cancellation on random-length 
lines having a high standing-wave ratio. 

that C1 be at exactly the original setting after the 
compensating reactance has been adjusted; it is 
sufficient that it be somewhere in the same 
vicinity. 

Using this procedure practically any length of 
line can be coupled properly to the transmitter, 
even when the line s.w.r. is quite high. Unfortu-
nately, no specific values can be suggested for 
L and C, since they vary widely with line length 
and s.w.r. Their values usually are comparable 
with the values used in the regular coupling cir-
cuits at the same frequency. 

Coupler or Matching Circuit Construction 
The design of matching or " antenna coupler 

circuits has been covered in the preceding section, 
and the adjustment procedure also has been out-
lined. Since circuits of this type are most fre-
quently used for transferring power from the 
transmitter to a parallel-conductor transmission 
line, a principal point requiring attention is that 
of maintaining good balance to ground. If the 
coupler circuit is appreciably unbalanced the 
currents in the two wires of the transmission line 
will also be unbalanced, resulting in radiation 
from the line. 

In most cases the matching circuit will be 
built on a metal chassis, following common 
practice in the construction of transmitting units. 
The chassis, because of its relatively large area, 
will tend to establish a "ground" — even though 
not actually grounded — particularly if it is 
assembled with other units of the transmitter in 
a rack or cabinet. The components used in the 
coupler, therefore, should be placed so that they 
are electrically symmetrical with respect to the 
chassis and to each other. 

In general, the construction of a coupler circuit 
should physically resemble the tank layouts used 
with push-pull amplifiers. In parallel-tuned cir-
cuits a split-stator condenser should be used. The 
condenser frame should be insulated from the 
chassis because, depending on line length and 
other factors, harmonic reduction and line bal-
ance may be improved in some cases by ground-
ing and in others by not grounding. It is therefore 
advisable to adopt construction that permits 
either. Provision also should be made for ground-
ing the center of the coil, for the same reason. 

The coil in a parallel-tuned circuit should be 
mounted so that its hot ends are symmetrically 
placed with respect to the chassis and other com-
ponents. This equalizes stray capacitances and 
helps maintain good balance. 
When the coupler is of the type that can be 

shifted to series or parallel tuning as required, 
two separate single-ended condensers will be 
satisfactory. As described earlier, they should be 
connected so that both frames go to the same 
side of the circuit — i.e., either to the coil or to 
the line — for series tuning, and when used in 
parallel for parallel tuning should be connected 
frame-to-stator. 
A coupler designed and adjusted so that the 

connecting link acts as a matched transmission line 
may be placed in any convenient location. Some 
amateurs prefer to install the coupler at the 
point where the main transmission line enters the 
station. This helps maintain a neat station layout 
when an air-insulated parallel-conductor trans-
mission line is used. With solid-dielectric lines, 
which lend themselves well to neat installation 
indoors, it is probably more desirable to install 
the coupler where it can be reached easily for 
adjustment and band-changing. The use of 
coaxial line between the transmitter and coupler 
is strongly recommended if the link line is more 
than a few inches long, for the reasons outlined 
in t he preceding section. 

• COAX-COUPLED MATCHING CIRCUIT 
The matching unit shown in Fig. 13-31 is 

constructed according to the design principles 
out lined earlier in this chapter. It uses a parallel-
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tuned circuit with taps for matching a parallel-
conductor line through a link coil to a coaxial 
line to the transmitter. It will handle about 500 
watts of r.f. power and will work, without modi-
fication, into lines having an s.w.r. below 3 or 4 
to 1. If the s.w.r. is high, it may be necessary to 
compensate for the reactive part of the input 
impedance of the line, at certain line lengths, by 
using an additional coil or condenser as discussed 
earlier. The necessity for such compensation can 
be avoided, on lines having a high s.w.r., by 
making the electrical length of the line a multiple 
of a quarter wavelength. 

As shown by the circuit diagram, Fig. 13-32, 
the link circuit is adjusted by means of a variable 
condenser, C1, to facilitate matching the main 
transmission line to the coax link. The coils are 
constructed from commercially-available coil 
material, and the link inductances an chosen to 
provide adequate coupling for flat lines. The link 
coil, of smaller diameter than the tank coil, is 
mounted inside the latter at the center. Due° 
cement is used to hold the coils together at their 
bottom tie strips. The coils are mounted on 
Millen type 40305 plugs and require no other sup-
port than the stiffness of the short lengths of wire 
going into the end prongs of the plug from the 
tank coil. Short lengths of spaghetti tubing are 
slipped over the leads to the link coil where they 
go between the tank coil turns to reach the plug. 
Taps on the tank coil for connection to a paral-

id-conductor transmission line are made by bend-
ing ordinary soldering lugs around the wire and 

Fig. 13-31 — A coax-coupled 
matching circuit of simple con-
struction. The entire circuit is 
mounted on a 3 by 4 by 5 box. 
CI is inside: C2 and the plug-in 
coil assembly are mounted on 
top. 

soldering them in place. The clips are Johnson 
type 235-860, adjusted so that they fit snugly 
over the taps when pushed on sidewise. Used this 
way, the clips provide an easy and rapid method 
of connecting and disconnecting the line. The 
proper positions for the taps may be determined 
by fist using the clips in the normal fashion. 
The maximum length of coil that can be 

mounted satisfactorily on the plugs is aboutj 4 
inches, and a coil of this size cannot be tuned to 
the 3.5-Mc, band with the 100-add.-per-section 
split-stator condenser used in this unit. To enver 
the 3.5-Mc. band it is necessary to shunt the coil 
with an additional capacitance of about 75 ma fd. 
The matching circuit should be adjusted with 

the aid of an s.w.r. bridge, as described earlier in 
this chapter. In general, the tuning will be less 
critical, and the circuit will work over a wider 
frequency range without readjustment, if the taps 
are kept as far toward the ends of the coil as possi-
ble and C1 is set at the largest capacitance that 
will permit bringing the s.w.r, in the coax link 
down to 1 to 1. 

• A "UNIVERSAL" 
MATCHING CIRCUIT 

The matching circuit shown in Fig. 13-33 of-
fers considerable flexibility in that it can be used 
as a tapped-coil matching network of the same 

Coax. Link 

Parallel-
±Cond. 
Line 

Fig. 13-32 — Circuit diagram of the coax-coupled 
matching circuit. 
CI — 300-ppfd. variable, approximatel> 0.024" spacing. 
C2 — 100 ppfd. per section, 1:í00 volts ( National 

TMK-1001)). 
.111 — Chassis-type coax connector. 

Coil Data 

Band 14, turns L2, turns 

3.5 NI c.• 24 (17 ph.) 10 (5 ph.) 
7 Mc. 18 ( 12 ph.) 6 (2.5 ph.) 

14 Mc. 10 (5 ph.) 3 (1 ph.) 
21-28 Mc. 6 (2.5 ph.) 

*Add 75 add. in parallel with C2. 

Li — No. 12 tinned wire, 2.1A inches dia., 6 turns per 
inch (B & W 3905-1). 

L2 — No. 16 wire, 2 inches dia., 10 turns per inch 
(13 & W 3907 or 3907-1). 
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Fig. 13-33 — A coupler or 
matching network that can 
also be used for series or paral-
lel tuning of tuned lines. 

type as that just described, and also can be used 
as either a series- or parallel-tuned "antenna 
coupler." It can also be adapted to other types of 
coupling by simple changes in the plug-connec-
tion arrangement of the coils. 

Coax.Link 
UI 

C PornIlel-
Cond. 

D Line 

3 

Fig. 13-34 -- Circuit diagram of the "unis ersal" coax-
coupled matching network. For use as a tapped match-
ing circuit, connect the line to taps on Li, as at A-B, and 
connect the jumper, N, to A-B; the jumper is also used 
for parallel tuning but with the line connected to E.F. 
For series tuning, remove the jumper and connect the 
line to C.D. The ground connection to the middle prong 
of the coil socket is provided for cases where it is de-
sirable to ground the center of Li. 
Ci — 300-gpfd. variable, approximately 0.024" spacing. 
C2, Ca — 300-ggfd. variable, 1000 volts (National TA1S-

300). 
J1 — Chassis-tj pe coax connector. 

Band 
3.5-7 Mc. 
7-14 Mc. 

14-28 Mc. 
Li — No. 12 tinned wire, 2 inches dia., 6 turns per 

inch (B & W 3905-1). 
L2 No. 16 wire, 2 inches dia., 10 turns per inch 

(B & W 3907 or 3907-1). 

Coil Data 
Li, gurns L2, turns 

20 (14 gh.) 10 (5 ph.) 
10 (5 gh.) 6 (2.5 gh.) 
4 (1.5 gh.) 2 

Two condensers are used in the tank circuit. 
Their rotors are insulated from each other but are 
turned simultaneously by a right-angle drive 
unit. When used either for parallel tuning or the 
tapped-coil method of matching, the rotors are 
connected together to form a split-stator con-
denser having a maximum capacitance of 150 
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gmfd. When used for series tuning the condenser 
frames connect to the parallel-conductor trans-
mission line, the jumper that connects the rotors 
together being removed. 
The unit is built on a 7 by 9 by 2 aluminum 

chassis and has a 7 by 10 panel. The tank con-
densers are mounted on small aluminum plates 
supported on 3/4-inch stand-off insulators, to in-
sulate the frames from the chassis; this method 
is preferable to mounting the condensers directly 
on the insulators as it lessens the mechanical strain 
on the latter. The soldering lugs projecting from 
the condensers provide means for connecting the 
line clips for series and parallel tuning. The jum-
per for connecting the rotors together is in the 
foreground; it uses banana plugs that fit into 
jacks mounted on the condenser mounting plates. 
The link condenser is underneath the chassis. 
The coils shown are designed primarily for use 

in the tapped matching circuit or for parallel 
tuning, but will also be satisfactory for series 
tuning if the transmission line length is such as 
to bring a current loop near the input end. Coil 
taps are made in the same way as in the coupler 
previously described. Soldering lugs are also used 
as taps on C2 and C3 to make the necessary con-
nections for series or parallel tuning. Because of 
the fairly large value of maximum capacitance 
available when the tank condensers, C2 and C3, 
are used together as a split-stator condenser, it 
is possible to cover a 2-to-1 frequency range. 
Consequently, only three coil assemblies are 
needed to cover the 3.5- to 30-Mc, range, and 
each one can be used for two (in the case of the 
smallest coil, three) adjacent amateur bands. 
As a tapped matching circuit, adjustment is 

the same as for the unit just described. When us-
ing either series or parallel tuning, the s.w.r. 
bridge should be used as before, adjusting C1 and 
c2-C3 for minimum s.w.r. in the coax link. 
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Antennas 
An antenna system can be considered to in-

clude the antenna proper (the portion that 
radiates the r.f. energy), the feedline, and any 
coupling devices used for transferring power 
from the transmitter to the line and from the 
line to the antenna. Some simple systems may 
omit the transmission line or one or both of 
the coupling devices. This chapter will describe 
the antenna proper, and in many cases will 
show popular types of lines, as well as line-to-
antenna couplings where they are required. 
However, it should be kept in mind that any 
antenna proper can be used with any type of 
feedline if a suitable coupling is used between 
the antenna and the line. Changing the line 
does not change the type of antenna. 

Selecting an Antenna 

In selecting the type of antenna to use, the 
majority of amateurs are somewhat limited 
through space and structural limitations to 
simple antenna systems, except for v.h.f. op-
eration where the small space requirements 
make the use of multielement beams readily 
possible. This chapter will consider antennas 
for frequencies as high as 30 Mc. — a later 
chapter will describe the popular types of 
v.h.f. antennas. However, even though the 
available space may be limited, it is well to 
consider the propagation characteristics of the 
frequency band or bands to be used, to insure 
that best possible use is made of the available 
facilities. The propagation characteristics of 
the various bands, up to 30 Mc., are described 
in Chapter Four. In general, antenna construc-
tion and location become more critical and im-
portant on the higher frequencies. On the 
lower frequencies (3.5 and 7 Mc.) the vertical 
angle of radiation and the plane of polariza-
tion may be of relatively little importance; at 
28 Mc. they may be all-important. On a given 
frequency, the particular type of antenna best 
suited for long-distance communication may 
not be as good for shorter-range work as would 
a different type. 

Definitions 

The important properties of an antenna 
proper are its polarization, vertical and hori-
zontal angles of maximum radiation, im-
pedance, gain and bandwidth. 
The polarization of a straight-wire antenna 

is determined by its position with respect to 
the earth. Thus a vertical antenna radiates 
vertically-polarized waves, while a horizontal 

antenna radiates horizontally-polarized waves 
in a direction broadside to the wire and 
vertically-polarized waves at high vertical 
angles off the ends of the wire. The wave from 
an antenna in a slanting position, or from the 
horizontal antenna in directions other than 
mentioned above, contains both horizontal 
and vertical components. 
The vertical angle of maximum radiation 

of an antenna is determined by the free-space 
pattern of the antenna, its height above 
ground, and the nature of the ground. The 
angle is measured in a vertical plane with re-
spect to a tangent to the earth at that point, 
and it will usually vary with the horizontal 
angle, except in the case of a simple vertical 
antenna. The horizontal angle of maximum 
radiation of an antenna is determined by the 
free-space pattern of the antenna. 
The impedance of the antenna at any point 

is the ratio of the voltage to the current at that 
point. It is important in connection with feed-
ing power to the antenna, since it constitutes 
the load to the line offered by the antenna. It 
can be either resistive or complex, depending 
upon whether or not the antenna is resonant. 
The field strength produced by an antenna is 

proportional to the current flowing in it. When 
there are standing waves on an antenna, the 
parts of the wire carrying the higher current 
have the greater radiating effect. All resonant 
antennas have standing waves — only ter-
minated types, like the terminated rhombic 
and terminated "V," have substantially uni-
form current along their lengths. 
The ratio of power required to produce a 

given field strength, with a "comparison" an-
tenna, to the power required to produce the 
same field strength with a specified type of an-
tenna is called the power gain of the latter 
antenna. The field is measured in the optimum 
direction of the antenna under test. In amateur 
work, the comparison antenna is generally a 
half-wave antenna at the same height and 
having the same polarization as the antenna 
under consideration. Power gain usually is ex-
pressed in decibels. 

In unidirectional beams (antenna systems 
with maximum radiation in only one direc-
tion) the front-to-back ratio is the ratio of 
power radiated in the maximum direction to 
power radiated in the opposite direction. It is 
also a measure of the reduction in received sig-
nal when the beam direction is changed from 
that for maximum response to the opposite 
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direction. Front-to-back ratio is usually ex-
pressed in decibels. 
The bandwidth of an antenna generally 

refers to the frequency range over which the 

gain and impedance are substantially con-
stant. It is of importance primarily in connec-
tion with multielement beams fed by a " flat" 
transmission line. 

Ground Effects 
The radiation pattern of any antenna that 

is many wavelengths distant from the ground 
and all other objects is called the free-space 
pattern of that antenna. The free-space pat-
tern of an antenna is almost impossible to ob-
tain in practice, except in the v.h.f. and u.h.f. 
ranges. Below 30 Mc., the location of the an-
tenna with respect to ground plays an impor-
tant part in determining the actual radiation 
pattern of the antenna. 
When any antenna is near the ground the 

free-space pattern is modified by reflection of 
radiated waves from the ground, so that the 
actual pattern is the resultant of the free-space 
pattern and ground reflections. This resultant 
is dependent upon the height of the antenna, 
its position or orientation with respect to the 
surface of the ground, and the electrical 
characteristics of the ground. The effect of a 
perfectly-reflecting ground is such that the 
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Fig. 14-1 — Effect of ground on radiation of horizontal 
antennas at vertical angles for four antenna heights. 
This chart is based on perfeetb -conducting ground. 

original free-space field strength may be 
multiplied by a factor which has a maximum 
value of 2, for complete reinforcement, and 
having all intermediate values to zero, for 
complete cancellation. These reflections only 
affect the radiation pattern in the vertical 
plane — that is, in directions upward from the 
earth's surface — and not in the horizontal 
plane, or the usual geographical directions. 

Fig. 14-1 shows how the multiplying factor 
varies with the vertical angle for several 
representative heights for horizontal antennas, 
As the height is increased the angle at which 
complete reinforcement takes place is lowered, 
until for a height equal to one wavelength it 
occurs at a vertical angle of 15 degrees. At still 

greater heights, not shown on the chart, the 
first maximum will occur at still smaller angles. 

Radiation Angle 

The vertical angle of maximum radiation, is 
of primary importance, especially at the higher 
frequencies. It is advantageous, therefore, to 
erect the antenna at a height that will take 
advantage of pound reflection in such a way as 
to reinforce the space radiation at the most de-
sirable angle. Since low angles usually are most 
effective, this generally means that the antenna 
should be high — at least one-half wavelength 
at 14 Me., and preferably three-quarters or 
one wavelength, and at least one wavelength, 
and preferably higher, at 28 Mc. The physical 
height required for a given height in wave-
lengths decreases as the frequency is increased, 
so that good heights are not impracticable; a 
half-wavelength at 14 Mc. is only 35 feet, ap-
proximately, while the same height represents 
a full wavelength at 28 Mc. At 7 Me. and lower 
frequencies the higher radiation angles are 
effective, so that again a useful antenna height 
is not difficult of at tainment. Heights between 
35 and 70 feet are suitable for all bands, the 
higher figures being preferable. 

Imperfect Ground 

Fig. 14-1 is based on ground having perfect 
conductivity, whereas the actual earth is not 
a perfect conductor. The principal effect of 
actual ground is to make the curves inaccurate 
at the lowest angles; appreciable high-fre-
quency radiation at angles smaller than a few 
degrees is practically impossible to obtain 
over horizontal ground. Above 15 degrees, 
however, the curves are accurate enough for 
all practical purposes, and may be taken as 
indicative of the result to be expected at angles 
between 5 and 15 degrees. 

'1'he effective ground plane — that is, the 
plane from which ground reflections can be 
considered to take place — seldom is the actual 
surface of the ground but is a few feet below 
it, depending upon the character of the soil. 

Impedance 

Waves that are reflected directly upward 
from the ground induce a current in the an-
tenna in passing, and, depending on the an-
tenna height, the phase relationship of this 
induced current to the original current may be 
such as either to increase or decrease the total 
current in the antenna. For the same power 
input to the antenna, an increase in current is 
equivalent to a decrease in impedance, and 
vice versa. Hence, the impedance of the an-
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tenna varies with height. The theoretical curve 
of variation of radiation resistance for an an-
tenna above perfectly-reflecting ground is 
shown in Fig. 14-2. The impedance approaches 
the free-space value as the height becomes 
large, but at low heights may differ consider-
ably from it. 

Choice of Polarization 

Polarization of the transmitting antenna is 
generally unimportant on frequencies between 
3.5 and 30 Mc. However, the question of 
whether the antenna should be installed in a 
horizontal or vertical position deserves con-
sideration for other reasons. A vertical half-
wave or quarter-wave antenna will radiate 
equally well in all horizontal directions, so that 
it is substantially nondirectional, in the usual 
sense of the word. If installed horizontally, 
however, the antenna will tend to show direc-
tional effects, and will radiate best in the direc-
tion at right angles, or broadside, to the wire. 
The radiation in such a case will be least in the 
direction toward which the wire points. 
The vertical angle of radiation also will he 
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Fig. 14-2 — Theoretical curve of variation of radiation 
resistance for a half-wave horizontal antenna, as a 
function of height in wavelength above perfectly-re-
flecting ground. 

affected by the position of the antenna. If it 
were not for ground losses at high frequencies, 
the vertical half-wave antenna would be pre-
ferred because it would concentrate the radia-
tion horizontally. 

The Half-Wave Antenna 

The fundamental form of antenna is a single 
wire whose length is approximately equal to 
half the transmitting wavelength. It is the 
unit from which many more-complex forms of 
antennas are constructed. It is variously 
known as a half-wave dipole, half-wave dou-
blet, or Hertz antenna. 
The length of a half-wavelength in space is: 

Length (feet) — 492 (14-A) 
Freq. ( Mc.) 

The actual length of a half-wave antenna 
will not be exactly equal to the half-wave 
in space, but depends upon the thickness of the 
conductor in relation to the wavelength as 
shown in Fig. 14-3, where K is a factor that 
must be multiplied by the half-wavelength in 
free space to obtain the resonant antenna 
length. An additional shortening effect occurs 
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with wire antennas supported by insulators at 
the ends because of the capacitance added to 
the system by the insulators (end effect). 
The following formula is sufficiently accurate 
for wire antennas at frequencies up to 30 Mc.: 

Length of half-wave antenna (feet) .= 
492 X 0.95 468  

(14-B) 
Freq. (Mc.) Freq. (Mc.) 

Example: A half-wave antenna for 7150 ke. 
468 

(7.15 Mc.) .— = 65.45 feet, or 65 feet 5 
7.15 

inches. 

Above 30 Mc. the following formulas should 
be used, particularly for antennas constructed 
from rod or tubing. K is taken from Fig. 14-3. 

Length of half-wave antenna (feet) ----
492 X K 

(14-C) 
Freq. (Mc.) 

5905 X K  
or length (inches) — 

Freq. (Mc.) 

Example: Find the length of a half-wavelength 
antenna at 29 Mc., if the antenna is made of 2-
inch diameter tubing. At 29 Mc., a half-wave-

492 
length in space is = 16.97 feet, from Eq. 

29 
14-A. Ratio of half-wavelength to conductor 
diameter (changing wavelength to inches) is 

16.97 X 12 
- 101.8. From Fig. 14-3, K = 0.963 

2 
for this ratio. The length of the antenna, from 

492 X 0.983 
Eq. 14-C, is = 18.34 feet, or 16 feet 

29 
4 inches. The answer is obtained directly in 

inches by substitution in Eq. 14 D:5905 X 0.963 

(14-D) 

29 
= 196 inches. 
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Fig. 14-4 — The above scales, based on Eq. 14-11, can be 
used to determine the length of a half-wave antenna of wire. 

Current and Voltage Distribution 

When power is fed to a half-wave antenna, the 
current and voltage vary along its length. The 
current is maximum at the center and nearly 
zero at the ends, while the opposite is true of 
the r.f. voltage. The current does not actually 
reach zero at the current nodes, because of the 
end effect; similarly, the voltage is not zero at 
its node because of the resistance of the an-
tenna, which consists of both the r.f. resistance 

Fig. 14-5 — The free-space radiation pattern of a half. 
leave antenna. The antenna is shown in the vertical 
posit' . This is a cross-section of the solid pattern de-
scribed by the figure when rotated on its vertical axis. 
The "doughnut" form of the solid pattern can be more 
easily visualized by imagining the drawing glued to a 
piece. of cardboard, with a short length of wire fastened 
on it to represent the antenna. Twirling the wire will give 
a visual representation of the solid radiation pattern. 

of the wire (ohmic resistance) and the radiation 
resistance. The radiation resistance is an 
equivalent resistance, a convenient conception 
to indicate the radiation properties of an an-
tenna. The radiation resistance is the equiva-
lent resistance that would dissipate the power 
the antenna radiates, with a current flowing in 
it equal to the antenna current at a current 
loop (maximum). The ohmic resistance of a 
half-wavelength antenna is ordinarily small 
enough, in comparison with the radiation re-

4.4777//4/7•0m , //, 

Fig. 14-6 — Illustrating the 
importance of vertical angle of 
radiation in determining an-
tenna directional effects. Off 
the end, the radiation is greater 
at higher angles. Ground re-
flection is neglected in this 
drawing of the free-space pat-
tern of a horizontal antenna. 

sistance, to be neglected for all practical pur-
poses. 

Impedance 

The radiation resistance of an infinitely-
thin half-wave antenna in free space — that 
is, sufficiently removed from surrounding ob-
jects so that they do not affect the antenna's 
characteristics — is 73 ohms, approximately. 
The value under practical conditions is com-
monly taken to be in the neighborhood of 70 
ohms. It is pure resistance, and is measured 
at the center of the antenna. The impedance 
is minimum at the center, where it is equal 
to the radiation resistance, and increases 
toward the ends. The actual value at the 
ends will depend on a number of factors, 
such as the height, the physical construc-
tion, the insulators at the ends, and the posi-
tion with respect to ground. 

Conductor Size 

The impedance of the antenna also depends 
upon the diameter of the conductor in relation 
to the wavelength, as shown in Fig. 14-3. If 
the diameter of the conductor is made large, 
the capacitance per unit length increases and 
the inductance per unit length decnases. 
Since the radiation resistance is affected rela-
tively little, the decreased L/C ratio causes 
the Q of the antenna to decrease, so that the 
resonance curve becomes less sharp. Hence, the 
antenna is capable of working over a wide 
frequency range. This effect is greater as the 
diameter is increased, and is a property of some 
importance at the very-high frequencies where 
the wavelength is small. 
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Fig. 14-7 — Horizontal pa tern of a horizontal half-
wave antenna at three vertical radiation angle's. The. 
solid line is relative radiation at 15 degrees. Dotted I in,-
show deviation from the 15-degree pattern for angles of 
9 and 30 degrees. The patterns are useful for shape end . 
since the amplitude will depend upon the height of the 
antenna above ground and the vertical angle considered. 
The patterns for all three angles have been proportioned 
to the same scale, but this does not mean that the maxi-
mum amplitudes necessarily will be the same. The arrow 
indicates the direction of tile horizontal antenna wire. 
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Radiation Characteristics 

The radiation from a half-wave antenna is 
not uniform in all directions but varies with 
the angle with respect to the axis of the wire. 
It is most intense in directions perpendicular 
to the wire and zero along the direction of the 
wire, with intermediate values at intermediate 
angles. This is shown by the sketch of Fig. 
14-5, which represents the radiation pattern 
in free space. The relative intensity of radi-
ation is proportional to the length of a line 
drawn from the center of the figure to the 
perimeter. If the antenna is vertical, as 
shown in the figure, then the field strength will 
be uniform in all horizontal directions; if the 
antenna is horizontal, the relative field strength 
will depend upon the direction of the receiving 
point with respect to the direction of the an-
tenna wire. The variation in radiation at vari-
ous vertical angles from a half-wavelength 
horizontal antenna is indicated in Figs. 14-6 
and 1-1-7. 

• FEEDING THE HALF-WAVE 
ANTENNA 

Direct Feed 

If possible, it is advisable to locate the an-
tenna at least a half-wavelength from the 
transmitter and use a transmission line to 
carry the power from the transmitter to the 

C2 

XtverÀ (A) 

Xmle tank 
*4 

.7rhort connections 
(B) 

»Pit', tank. 

(C) 

Fig. 14-8 — Methods 
of directly exciting the 
half-wave antenna. A, 
current feed, series tun-
ing; B, voltage feed, 
capacitive coupling; C, 
voltage feed, with in. 

an-
tenna tank. In A, the 
coupling circuit is not 
included in the effective 
electrical length of the 
antenna system proper. 

antenna. However, in many cases this is im-
possible, particularly on the lower frequencies, 
and direct feed must be used. Three examples 
of direct feed are shown in Fig. 14-8. In the 
method shown at A, C1 and C2 should be about 
150 pad. each for the 3.5-Mc. band, 75 Aofd. 
each at 7 Mc., and proportionately smaller 
at the higher frequencies. The antenna coil 
connected between them should resonate to 
3.5 Mc. with about 60 or 70 Pilfd., for the 80-
meter band, for 40 meters it should resonate 
with 30 or 35 Add., and so on. The circuit is 
adjusted by using loose coupling between the 
antenna coil and the transmitter tank coil and 
adjusting C1 and C2 until resonance is indi-
cated by an increase in plate current. The 
coupling between the coils should then be in-
creased until proper plate current is drawn. It 
may be necessary to reresonate the transmitter 
tank circuit as the coupling is increased, but 
the change should be small. 

The circuits in Fig. 14-8B and C are used 
when only one end of the antenna is accessible. 
In B, the coupling is adjusted by moving the 
tap toward the "hot" or plate end of the tank 
coil — the condenser C may be of any con-
venient value that will stand the voltage, and 
it doesn't have to be variable. In the circuit 
at C, the antenna tuned circuit (CI and the 
antenna coil) should be similar to the trans-
mitter tank circuit. The antenna tuned cir-
cuit is adjusted to resonance with the antenna 
connected but with loose coupling to the 
transmitter. Heavier loading of the tube is 
then obtained by tightening the coupling be-
tween the antenna coil and the transmitter 
tank coil. 
Of the three systems, that at A is preferable 

because it is a symmetrical system and gener-
ally results in less r.f. power " floating" around 
the shack. The system of B is undesirable be-
cause it provides practically no protection 
against the radiation of harmonics, and it 
should only be used in emergencies. 

Transmission-Line Feed for 
Half-Wave Antennas 

Since the impedance at the center of a half-
wavelength antenna is in the vicinity of 75 
ohms, it offers a good match for 75-ohm two-
wire transmission lines. Several types are 
available on the market, with different power-
handling capabilities. They can be connected in 
the center of the antenna, across a small strain 
insulator to provide a convenient connection 
point. Coaxial line of 75 ohms impedance can 
also be used, but it is heavier and thus not as 
convenient. In either case, the transmission 
line should be run away at right angles to the 
antenna for at least one-quarter wavelength, if 
possible, to avoid current unbalance in the 
line caused by pick-up from the antenna. The 
antenna length is calculated from Equation 
14-B, for a half-wavelength antenna. When 
No. 12 or No. 14 enameled wire is used for the 
antenna, as is generally the case, the length of 
the wire is the over-all length measured from 
the loop through the insulator at each end. 
This is illustrated in Fig. 14-9. 
The use of 75-ohm line results in a "flat" 

line over most of any amateur band. However, 
by making the half-wave antenna in a special 
manner, called the two-wire or folded dipole, 
a good match is offered for a 300-ohm line. 
Such an antenna is shown in Fig. 14-10. The 
open-wire line shown in Fig. 14-10 is made of 

1.--Half wavelength from formula 

- 46140 

No.12 or 
No.14 airs 

Solder joint Solder joint 

75-ohm Tain-Lead 
or coaxial line 

Fig. 14-9 — Construction of a half-wave doublet fed 
with 75-ohm line. The length of the antenna is calcu-
lated from Equation 14-B or Fig. 14-4. 
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Half wavelength from formula 

Lightweight spacers 

tied in place with 
No. 18 wire 

Solder joint 

300- ohm 
Twin- Lead 

Fig. 14-10 — The construction of an open-wire folded 
doublet fed with 300-ohm line. 'Floe length of the an-
tenna is calculated from Equation 14-B or Fig. 14-4. 

No. 12 or No. 14 enameled wire, separated by 
lightweight spacers of Lucite or other material 
(it doesn't have to be a low-loss insulating 
material), and the spacing can be on the order 
of from 4 to 8 inches, depending upon what is 
convenient and what the operating frequency 
is. At 14 Mc., 4-inch separation is satisfactory, 
and 8-inch or even greater spacing can be used 
at 3.5 Mc. 
The half-wavelength antenna can also be 

made from the proper length of 300-ohm line, 
opened on one side in the center and connected 
to the feedline. After the wires have been 
soldered together, the joint can be strength-
ened by molding some of the excess insulating 
material (polyethylene) around the joint with 
a hot iron, or a suitable lightweight clamp of 
two pieces of Lucite can be devised. 

 Half wavelength froth Murata  

Lightweight 
spacers 

Solder joint 
Wood' or 

metal spacer 

600-ohm 
open-wire Isle 

Fig. 14-11 — The construction of a 3-wire folded dipole 
is similar to that of the 2-w're folded dipole. The end 
spacers may have to be slight y stronger than the others 
because of the greater compression force on them. The 
length of the antenna is obtained from Equation 14-B 

or Fig. 14-4. A suitable line can be made from No. 14 
wire spaced 4 to 5 inches, or from No. 12 wire spaced 
6 inches. 

Similar in some respects to the two-wire 
folded dipole, the three-wire folded dipole of 
Fig. 14-11 offers a good match for a 600-ohm 
line. It is favored by amateurs who prefer to 
use an open-wire transmission line instead of 
the 300-ohm insulated line. The three wires of 
the antenna proper should all be of the same 
diameter. 

Another method for offering a match to a 
600-ohm open-wire line with a half-wavelength 
antenna is shown in Fig. 14-12. The system is 
called a delta match. The line is "fanned" 
as it approaches the antenna, to have a gradu-
ally-increasing impedance that equals the an-
tenna impedance at the point of connection. 
The dimensions are fairly critical, but careful 
measurement before installing the antenna and 
matching section is generally all that is neces-
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sary. The length of the antenna, L, is calcu-
lated from Equation 14-B or Fig. 14-4. The 
length of section C is computed from: 

C (feet) — 118  (14-B) 
Freq. (Mc.) 

The feeder clearance, E, is found from 

148  
E (feet) — (14-F) 

Freq. (Mc.) 
Example: For a frequency of 7.1 Mc., the length 

468 L = —  = 65.91 feet, or 65 feet 11 inches. 
7.1 

C —118 = 16.62 feet, or 16 feet 7 inches. 
7.1 
148 E —  = 20.84 feet, or 20 feet 10 inches. 
7.1 

Fig. 14-12 — Delta-matched antenna system. The di-
mensions C, D. and E are found by formulas given in 
the text. It is important that the matching section, E, 
come straight away from the antenna without any bends. 

Since the equations hold only for 600-ohm 
line, it is important that the line be close to 
this value. This requires 434-inch spaced No. 
14 wire, 6-inch spaced No. 12 wire, or 3%-inch 
spaced No. 16 wire. 

If a half-wavelength antenna is fed at the 
center with other than 75-ohm line, or if a 
two-wire dipole is fed with other than 300-ohm 
line, standing waves will appear on the line 
and coupling to the transmitter may become 
awkward for some line lengths, as described 
in the preceding chapter. However, in many 
cases it is not convenient to feed the half-wave 
antenna with the correct line (as is the case 
where multiband operation of the same an-
tenna is desired), and sometimes it is not con-
venient to feed the antenna at the center. 
Where multiband operation is desired (to be 
discussed later) or when the antenna must be 

Half- wavelength 
from formula — 1 

Half-wavelength 
from formula 

Solder Solder 
Joint t join 

No12 or No14 wire — 
hard-drawn or 

copper weld 7 7 

Ceramic spacers tied in 
iA) place wi th No18 wire 

o No.M soft-drawn copper n' 

To transmitter ló transmitter 
Fig. 14-13 — The half-wave antenna can be fed at the 
center or at the end with an open-wire line. The antenna 
length is obtained from Equation 14-B or Fig. 14-4. 
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FUNDAMENTAL (HALF- WAVE) 

2No HARMONIC (FULL-WAVE) 

An antenna will be resonant so long as an 
integral number of standing waves of current 
and voltage can exist along its length; in other 
words, so long as its length is some integral 
multiple of a half-wavelength. When the an-
tenna is more than a half-wave long it usually 
is called a long-wire antenna, or a harmonic 
antenna. 

Current and Voltage Distribution 

Fig. 14-14 shows the current and voltage 
distribution along a wire operating at its 
fundamental frequency (where its length is 
equal to a half-wavelength) and at its second, 
third and fourth harmonics. For example, if 
the fundamental frequency of the antenna is 7 
Mc., the current and voltage distribution will 
be as shown at A. The same antenna excited at 
14 Mc. would have current and voltage dis-
tribution as shown at B. At 21 Mc., the third 
harmonic of 7 Mc., the current and voltage 
distribution would be as in C; and at 28 Mc., 
the fourth harmonic, as in D. The number of 
the harmonic is the number of half-waves con-

A 

3so HARMONIC (3/2-WAVE) 

41. HARMONIC ( 2-wAvE) 

Fig. 14-14 — Standing-wave current and voltage distri-
bution along an antenna when it is operated at vari-

ous harmonics of its fundamental resonant frequency. 

fed at one end by a transmission line, an open-
wire line of from 450 to 600 ohms impedance is 
generally used. The impedance at the end of a 
half-wavelength antenna is in the vicinity of 
several thousand ohms, and hence a standing-
wave ratio of 4 or 5 is not unusual when the 
line is connected to the end of the antenna. It 
is advisable, therefore, to keep the losses in the 
line as low as possible. This requires the use of 

ceramic or Micalex feeder spacers, if any ap-
preciable power is used. For low-power in-
stallations in dry climates, dry wood spacers 
that have been boiled in paraffin are satis-
factory. Mechanical details of half-wavelength 
antennas fed with open-wire lines are given in 
Fig. 14-13. If the power level is low, below 100 
watts or so, 300-ohm Twin-Lead can be used 
in place of the open line. 

Long-Wire Antennas 
ISO 

60 

ISO 

.020 

%too 

80 

qj 6° 

e 40 

20 

 9 

A 

4 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 i4 
ANTENNA LENGTH 

Fig. 14-15 — Curve A :riffles variation in radiation re-
sistance with antenna length. Cur% e B silo% g power in 
lobes of maximum radiation for Ion g-% ire antennas as a 
ratio to the maximum radiation for a half-wave antenna. 

tamed in the antenna at the particular operat-
ing frequency. 
The polarity of current or voltage in each 

standing wave is opposite to that in the ad-
jacent standing waves. This is shown in the 
figure by drawing the current and voltage 
curves successively above and below the an-
tenna (taken as a zero reference line), to indi-
cate that the polarity reverses when the 
current or voltage goes through zero. Currents 
flowing in the same direction are in phase; 
in opposite directions, out of phase. 

It is evident that one antenna may be used 
for harmonically-related frequencies, such as 
the various amateur bands. The long-wire or 
harmonic antenna is the basis of multiband 
operation with one antenna. 

Physical Lengths 

The length of a long-wire antenna is not an 
exact multiple of that of a half-wave antenna 
because the end effects operate only on the 
end sections of the antenna; in other parts of 
the wire these effects are absent, and the wire 
length is approximately that of an equivalent 

6 

5e, 

14 

3 

2 
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Fig. 14-16 — Horizontal patterns of radiation from a 
full-wave antenna. 'I'he solid line shows the pattern for a 
vertical angle of 15 degrees; dotted lines show deviation 
from the 15-degree pattern at 9 and 30 degrees. All three 
patterns are dram n to the same relative scale: actual am-
plitudes will depend tat  the height of the antenna. 

portion of the wave in space. The formula for 
the length of a long-wire antenna, therefore, is 

492 (N-0.051  
Length (feet) — 14-G 

Freq. ( Mc.) 

where N is the number of half-waverr on the 
antenna. 

Example: An antenna 4 half-waves long at 14.2 

Mc. would be 492 (4 — 0.05, 492 X 3.95  
14.2 14.2 

= 136.7 feet, or 136 feet 8 inches. 

It is apparent that an antenna cut as a half-
wave for a given frequency will be slightly off 
resonance at exactly tn ice that frequency (the 
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Fig. 14-17 — Horizontal patterns of radiation from an 
antenna three half-wares long. The solid line shows 
the pattern for a vertical angle of 15 degrees; dotted 
lines show deviation from the 15-degree pattern at 9 and 
30 degrees. Minor lobes coincide for all three angles. 

second harmonic), because of the decreased in-
fluence of the end effects when the antenna is 
more than one-half wavelength long. The effect 
is not very important, except for a possible un-
balance in the feeder system and consequent 
radiation from the feedline. If the antenna is 
fed in the exact center, no unbalance will 
occur at any frequency, but end-fed systems 
will show an unbalance in all but one frequency, 
the frequency for which the antenna is cut. 

Impedance and Power Gain 

The radiation resistance as measured at a 
current loop becomes larger as the antenna 
length is increased. Also, a long-wire antenna 
radiates more power in its most favorable di-
rection than does a half-wave antenna in its 
most favorable direction. This power gain is 

Fig. 14-18 — Horizontal patterns of radiation from an 
antenna two wavelengths long. The solid line shows the 
pattern for a vertical angle of 15 degrees; dotted lines 
show deviation from the 15-degree pattern at 9 and 30 
degrees. The niinor lobes coincide for all three angles. 

secured at the expense of radiation in other 
directions. Fig. 14-15 shows how the radiation 
resistance and the power in the lobe of maxi-
mum radiation vary with the antenna length. 

Directional Characteristics 

As the wire is made longer in terms of the 
number of half-wavelengths, the directional 
effects change. Instead of the "doughnut" 
pattern of the half-wave antenna, the direc-
tional characteristic splits up into "lobes" 
which make various angles with the wire. In 
general, as the length of the wire is increased 
the direction in which maximum radiation 
occurs tends to approach the line of the an-
tenna itself. 

Directional characteristics for antennas one 
wavelength, three half-wavelengths, and two 
wavelengths long are given in Figs. 14-16, 
14-17 and 14-18, for three vertical angles of 
radiation. Note that, as the wire length in-
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creases, the radiation along the line of the an-
tenna becomes more pronounced. Still longer 
antennas can 130 considered to have practically 
"end-on" directional characteristics, even at 
the lower radiation angles. 

efei!lods of Feeding 

In a long-wire antenna, the currents in ad-
jacent half-wave sections must be out of phase, 
as shown in Fig. 14-14. The feeder system must 
not upset this phase relationship. This re-
quirement is met by feeding the antenna at 
either end or at any current loop. A two-wire 
feeder cannot be inserted at a current node, 

CHAPTER 14 

however, because this invariably brings the 
currents in two adjacent half-wave sections in 
phase; if the phase in one section could be re-
versed, then the currents in the feeders neces-
sarily would have to be in phase and the feeder 
radiation would not be canceled out. 
No point on a long-wire antenna offers a 

reasonable impedance for a direct match to 
any of the common types of transmission lines. 
The most common practice is to feed the an-
tenna at one end or at a current loop with a 
low-loss open-wire line and accept the resulting 
standing-wave ratio of 4 or 5. When a better 
match is required, "stubs" are generally used 
(described in the preceding chapter). 

Multiband Antennas 
As suggested in the preceding section, the 

same antenna may be used for several bands 
by operating it on harmonics. When this is 
done it is necessary to use resonant feeders, 
since the impedance matching for nonresonant 
feeder operation can be accomplished only at 
one frequency unless means are provided for 
changing th ,, longth of a matching section and 
shifting th.: point at which the feeder is at-
tached to it. 

Furthermore, the current loops shift to a new 
position on the antenna when it is operated on 
harmonics, further complicating the feed situa-
tion. It is for this reason that a half-wave an-
tenna that is center-fed by a solid-dielectric 
line is practically useless for harmonic operation; 
on all even harmonics there is a voltage maxi-
mum occurring right at the feed point, and the 
resultant impedance mismatch is so bad that 
there is a large standing-wave ratio and conse-
quently high losses arise in the solid dielectric. 
It is wise not to attempt to use on its harmonics a 
half-wave antenna center-fed with coaxial cable. 
High-impedance solid-dielectric lines such as 
300-ohm Twin-Lead may be used, however, pro-
vided the power does not exceed a few hundred 
watts. 
When the same antenna is used for work in 

several ban s, it must be realized that the 
directional characteristic will vary with the 
band in use. 

Simple Systems 

The most practical simple rnultiband an-
tenna is one that is a half-wavelength long at 
the lowest frequency and is fed either at the 
center or one end with an open-wire line. 
Although the standing-wave ratio on the feed-
line will not approach 1.0 on any band, if the 
losses in the line are low the system will be 
efficient. From the standpoint of reduced feed-
line radiation, a center-fed system is superior 
to one that is end-fed, but the end-fed arrange-
ment is often more convenient and should 
not be ignored as a possibility. The center-fed 
antenna will not have the same radiation 
pattern as an end-fed one of the same length, 
except on frequencies where the over-all length 
of the antenna is a half-wavelength or less. 
The end-fed antenna acts like a long-wire 
antenna on all bands (for which it is longer 
than a half-wavelength), but the center-fed 
one acts like two antennas of half that length 
fed in phase. For example, if a full-wavelength 
antenna is fed at one end, it will have a radia-
tion pattern as shown in Fig. 14-16, but if it 
is fed in the center the pattern will be some-
what similar to Fig. 14-7, with the maximum 
radiation broadside to the wire. Either an-
tenna is a good radiator, but if the radiation 
pattern is a factor, the point of feed must be 
considered. 

Since multiband operation of an antenna 
does not permit matching of the feedline, 
some attention must be paid to the 
length of the feedline if convenient 

transmitter-coupling arrangements are to be 
obtained. Table 14-I gives some suggested 
antenna and feeder lengths for multiband 
operation. In general, the length of the feedline 
should be some integral multiple of a quarter 
wavelength at the lowest frequency. 

Antennas for Restricted Space 

If the space available for the antenna is not 
large enough to accommodate the length nec-
essary for a half-wave at the lowest frequency 
to be used, quite satisfactory operation can be 
secured by using a shorter antenna and making 

Ape:Jules 

Fig. 14-19 — Practical arrangement of a shortened an-
tenna. The total length, A + B B + A, should be a 
ha-wavelength for the lowest-frequency band. usually 
3.5 Mc. See Table 14-1 for lengths and tuning data. 
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TABLE 14-I 

Multiband Resonant-Line Fed Antennas 

Antenna 
Length (ft.) 

With end feed: 
120 

136 

67 

Feeder 
Length 
(11.) 

60 

67 

33 

Band 
Type of 
Tuning 

4-Mc. 'phone 

3.5-Me. c.w. 
7 through 
28-Mc. 

7 and 21 Mc. 
14 and 28 Mc. 

series 

series 
parallel 

series 
parallel 

With center feed: 
137 

68 

67 

66 

68 34 

3.5 through 
28 Me. 

7 and 21 Mc. 
14 and 28 Mc. 

7 through 
28 Mc. 

parallel 

series 
parallel 

parallel 

The antenna lengths given represent compro-
mises for harmonic operation because of different 
end effects on different bands. The 136-foot end. 
fed antenna is slightly long for 3.5 Mc. but will 
work well in the region (3500-3600 kc.) that quad-
ruples into the 11-Mc. band. Bands not listed are 
not recommended for the particular antenna. The 
center-fed systems are less critical as to length. 
Tuning connections are for open-wire line and may 
differ for 300-ohm Twin-Lead. 
The end-fed and center-fed antennas will have 

the same directional characteristics only on the 
lowest frequency, as explained in the text. 

up the missing length in the feeder system. 
The antenna itself may be as short as a quar-
ter wavelength and still radiate fairly well, 
although of course it will not be as effective 
as one a half-wave long. Nevertheless, such a 
system is useful where operation on the de-
sired band otherwise would be impossible. 

Resonant feeders are a practical necessity 
with such an antenna system, and a center-fed 
antenna will give best all-around performance. 
With end feed the feeder currents become 
badly unbalanced. 

With center feed practically any convenient 
length of antenna can be used, if the feeder 
length is adjusted to accommodate at least 
one half-wave around the whole system. 
A practical antenna of this type can be 

made as shown in Fig. 14-19. Table 14-11 
gives a few recommended lengths. However, 
the antenna can be made any convenient 
length, provided the total length of wire is a 
half-wavelength at the lowest frequency, or an 
integral multiple of a half-wavelength. 

In using the tables, it should be held in mind 
that the " type of tuning" will vary from that 
listed if the feed-line lengths are not as shown or 
if solid-dielectric line (Twin-Lead) is used. This 
should not be interpreted as a fault in the an-
tenna, and any tuning system (series or parallel) 
that works well without any trace of heating is 
quite satisfactory. 

Bent Antennas 

Since the field strength at a distance is pro-
portional to the current in the antenna, the 
high-current part of a half-wave antenna (the 
center quarter wave, approximately) does 
most of the radiating. Advantage can be 
taken of this fact when the space available 
does not permit building an antenna a half-
wave long. In this case the ends may be bent, 
either horizontally or vertically, so that the 

11 
Fig. 14-20 — Folded arrangement for shortened an-
tennas. The total length is a half-wave, not including 
the feeders. The horizontal part is made as long as con-
venient and the ends dropped down to make up the re-
quired length. The ends may be bent back on themselves 
like feeders to cancel radiation partially. The horizontal 
section should be at least a quarter wave bug. 

total length equals a half-wave, even though 
the straightaway horizontal length may be as 
short as a quarter wave. The operation is 
illustrated in Fig. 14-20. Such an antenna will 
be a somewhat better radiator than a quarter-
wavelength antenna on the lowest frequency, 
but is not so desirable for multiband operation 
because the ends play an increasingly im-
portant part as the frequency is raised. The 
performance of the system in such a case is dif-
ficult to predict, especially if the ends are verti-
cal (the most convenient arrangement) because 
of the complex combination of horizontal and 
vertical polarization which results as well as 
the dissimilar directional characteristics. How-
ever, the fact that the radiation pattern is in-
capable of prediction does not detract from the 
general usefulness of the antenna. For one-band 
operation, end-loading with coils (5 feet or so in 
from each end) is practical and efficient. 

TABLE 14- II 

Antennas and Feeder Lengths for Short 

Multiband Antennas, Center-Fed 

I Men a 
Length (ft.) 

100 

68 

Feeder 
Length 
(ft.) 

83 

Band 

3.5 Mc. 
7, 14, 21 Mc. 

28 Mc. 

Type of 
Tuning 

parallel 
series 
series or 
parallel 

34 3.5 Mc. 
7, 14, 21 

and 28 Mc. 

series 
parallel 

50 

33 

43 7, 14, 21 
and 28 Mc. 

parallel 

51 7, 14, 21 
and 28 Mc. 

33 31 

parallel 

7 and 21 Mc. series 
14 and 28 Mc. parallel 
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Grounded Antennas 

A vertical quarter-wavelength antenna is often 
used in the low-frequency amateur bands to ob-
tain low-angle radiation. Four typical examples 
and suggested methods for feeding are shown in 
Fig. 14-21. The antenna may be wire or tubing 
supported by wood or insulated guy wires. When 

Qua ter 
wavelength 

from 
formula 

Quarter 
wavelength 

from 
formula 

(A) 

Qua ter 
wavelength 

from 
formula 

50- ohm coaxial line 

Quarter 
wavelength 
f orn 

fernula 

150- ohm line 

(c) 

(B) 

(-D) 

C, 
Any line 

lo 
transmitter 

300-ohm line 

Fig. 14-21 — A quarter-wavelength antenna can be fed 
directly with 50-ohm coaxial line (A) with a low stand-
ing-wave ratio, or a coupling network can be used (B) 
that will permit a line of any impedance to be used. In 
(B), Li and CI should resonate to the operating fre-
quency, and Li should be larger than is normally used 
in a plate tank circuit at the same frequency. 
By using multiwire antennas, the quarter-wave 

vertical can be fed with (C) 150- or (D) 300-ohm line. 

tubing is used for the antenna, or when guy wires 
(broken up by insulators) are used to reinforce 
the structure, the length given by the formula is 
likely to be long by a few per cent. A check of the 
standing-wave ratio on the line will indicate the 
frequency at which the s.w.r. is minimum, and 
the length of the antenna can be adjusted accord-
ingly. 
The examples shown in Fig. 14-21 all require an 

antenna insulated from the ground, to provide 
for the feed point. A grounded tower or pipe can 
be used as a radiator by employing " shunt feed," 
which consists of tapping the inner conductor of 
the coaxial-line feed up on the tower until the best 
match is obtained, in much the sanie manner as 
the " gamma match" (described later) is used on 
a horizontal element. If the antenna is not an 
electrical quarter-wavelength long, it is necessary 
to tune out the reactance by adding capacity or 
inductance between the coaxial line and the 
shunting conductor. A metal tower supporting a 
TV antenna or rotary beam can be shunt-fed only 
if all of the wires and leads from the supported 
antenna run down the center of the tower and 

underground away from the tower, since other-
wise they would become part of the low-frequency 
antenna system. 

• ANTENNAS FOR 160 METERS 
Iteults un 1.8 Me. will depend to a large 

extent on the antenna system and the tinte 
of day or night. Almost any random long wire 
that can be tuned to resonance will work 
during the night but it will generally be found 
very ineffective during the day. A vertical 
antenna — or rather an antenna from which 
the radiation is predominantly vertically po-
larized — is probably the best for 1.8- Mc. op-
eration. A horizontal antenna (horizontally-
polarized radiation) will give better results 
during the night than the day because daytime 
absorption in the ionosphere is so high at this 
frequency that the reflected wave is too weak 
to be useful. At night the performance im-
proves because nighttime ionosphere condi-
tions generally permit the reflected wave to 
return to earth without too much attenuation. 
The vertically-polarized radiator gives a strong 
ground wave that is effective day or night, 
and it is to be preferred on 1.8 Mc. 
There is another reason why a vertical 

antenna is better than a horizontal for 160-
meter operation. The low-angle radiation from 
a horizontal antenna X or 3¡, wavelength 
above ground is almost insignificant. Any rea-
sonable height is small in terms of wave-
length, so that a horizontal antenna on 160 
meters is a poor radiator at angles useful for 

125'  

125' 

c, 

Fig. 14-22 — Bent antenna for the 160-meter baud. 
In the system at A, the vertical portion (length X) 
should be made as long as possible. In either antenna 
system, LiCi should resonate at 1900 lue., roughly. 
To adjust L2 in antenna A, resonate LiCI alone to 
the operating frequency, then connect it to the antenna 
system and adjust L2 for maximum loading. Further 
loading can he obtained by increasing the coupling be-
tween Li and the link. 
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long distances (" long," that is, for this band). 
Its chief usefulness is over relatively short 
distances at night. 

Bent Antennas 
Since ideal vertical antennas are generally 

out of the question for practical amateur 
work, the best compromise is to bend the 
antenna in such a way that the high-current 
portions of the antenna run vertically. It is, 
of course, advisable to place the antenna so 
that the highest currents in the antenna occur 
at the highest points above actual ground. 
Two antenna systems designed along these 
lines are shown in Fig. 14-22. The antenna at 
A uses a loading coil, L2, to increase the 
electrical length of the antenna to a half wave-
length, so that the antenna can be fed at its 
high-voltage point through the coupling cir-
cuit MCI. The antenna of Fig. 14-22B uses a 
full half-wavelength of wire but is bent so 
that the high-current portion runs vertically. 
The horizontal portion running to MCI should 
run 8 or 10 feet above ground. 

Grounds 
A good ground connection is generally im-

portant on 160 meters. The ideal system is a 
number of wire radials buried a foot or two 
underground and extending 50 to 100 feet from 
the central connection point. As many radials 
as possible should be used. 

If the soil is good (not rocky or sandy) and 
generally moist, a low-resistance connection to 

the cold-water pipe system in the house will 
often serve as an adequate ground system. The 
connection should be made close to where the 
pipe enters the ground, and the surface of the 
pipe should be scraped clean before tightening 
the ground clamp around the pipe. 
A 6- or 8-foot length of 1-inch water pipe, 

driven into the soil at a point where there is 
considerable natural 
moisture, can be used 
for the ground connec-
tion. Three or four 
pipes driven into the 
ground 8 or 10 feet 
apart and all joined 
together at the top 
with heavy wire are 
more effective than 
the single pipe. 
The use of a counter-

poise is recommended 
where a buried system 
is not practicable or 
where a pipe ground 
cannot be made to 
have low resistance be-

cause of poor soil conditions. A counterpoise 
consists of a number of wires supported from 
6 to 10 feet above the surface of the ground. 
Generally the wires are spaced 10 to 15 feet 
apart and located to form a square or polygonal 
configuration under the vertical portion of the 
antenna. 

Fig. 14.23 — An arrange-
ment for keeping the main 
radiating portion of the 
antenna vertical. 

Long-Wire Directive Arrays 

• THE "V" ANTENNA 
It has been emphasized that, as the antenna 

length is increased, the lobe of maximum ra-
diation makes a more acute angle with the 

o 

Fig. 14-24 — The basic "V" antenna, made by com-
bining two long wires. 

wire. Two such wires may be combined in 
the form of a horizontal " V" so that the 
main lobes from each wire will reinforce 
along a line bisecting the angle between the 
wires. This increases both gain and direc-
tivity, since the lobes in directions other 
than along the bisector cancel to a greater 
or lesser extent. The horizontal " V" an-
tenna therefore transmits best in either 
direction (is bidirectional) along a line 
bisecting the " V" made by the two wires. 
The power gain depends upon the length of 
the wires. Provided the necessary space is 
available, the " V" is a simple antenna to 

build and operate. It can also be used on 
harmonics, so that it is suitable for multi-
band work. A top view of the " V" antenna is 
shown in Fig. 14-24. 

MO 

105 
DESIGN CHART 

FOR HORIZONTAL V 

(kir maximum output) 

100 

95 

ao 

as 

so 

75 

70 

65 

60 

55 

50 

45 

40 

25 
1 sr) 2(zr) 3031 4(20.) 5 49 6(6 ) 

z£neni (0- WAVELENÚIWS 

Fig. 14-25 — Design chart for horizontal "V" antennas, 
giving the enclosed angle between sides vs. the length of the 
wires. Values in parentheses represent approximate wave 
angle for height of one-half wavelength. 

7O29 



342 CHAPTER 14 

Fig. 14-25 shows the dimensions that 
should be followed for an optimum design 
to obtain maximum power gain for different-
sized " V" antennas. The longer systems 
give good performance in multiband operation. 
Angle cc is approximately equal to twice the 
angle of maximum radiation for a single wire 
equal in length to one side of the " V." 
The wave angle referred to in Fig. 14-25 is 

the vertical angle of maximum radiation. 
Tilting the whole horizontal plane of the " V" 
will tend to increase the low-angle radiation 
off the low end and decrease it off the high 
end. 
The gain increases with the length of the 

wires, but is not exactly twice the gain for a 
single long wire as given in Fig. 14-15. In the 
longer lengths the gain will be somewhat 
increased, because of mutual coupling between 
the wires. A " V" eight wavelengths on a leg, 
for instance, will have a gain of about 12 dl). 
over a half-wave antenna, whereas twice t he 
gain of a single eight- wavelength wire would be 
only approximately 9 db. 
The two wires of the " V" must be fed out of 

phase, for correct operation. A resonant line 
may simply be attached to the ends, as shown 
in Fig. 14-24. Alternatively, a quarter-wave 
matching section may be employed and the 
antenna fed through a nonresonant line. 
If the antenna wires are made multiples of a 
half-wave in length (use Equation 14-G for 
computing the length), the matching section 
will be closed at the free end. A stub can be 
connected across the resonant line to provide 
a match, as described in the preceding chapter. 

• THE RHOMBIC ANTENNA 
The horizontal rhombic or "diamond" an-

tenna is shown in Fig. 14-26. Like the "V," 
it requires a great deal of space for erection, 
but it is capable of giving excellent gain and 
directivity. It also can be used for multiband 
operation. In the terminated form shown in 
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rhombic antennas of various leg lengths and wave angles. 
'Ile following examples illustrate the use of the chart: 

(1) Given: 

Length (L) = 2 wavelengths 
Desired wave angle (A) = 20°. 

To Find: H, s. 
Method: 
Draw vertical line through point a (L = 2 wave-

lengths) and point b on abscissa (A = 20'). Read 
angle of tilt (5) for point a and height (II) from 
intersection of line ab at point e on curve H. 

Result: 
= 60.5°. 

II = 0.73 wavelength. 

(2) Given: 

Length (L) = 3 wavelengths. 
Angle of tilt (5) = 78°. 

To Find: H, à. 
Method: 
Draw a vertical line from point don curve L = 3 

wavelengths at 4, = 78°. Read intersection of 
this line on curve H (point e) for height, and 
intersection at point f on the abscissa for à. 

Result: 

H = 0.56 wavelength. 
A = 26.6°. 

Fig. 14-26, it operates like a nonresonant trans-
mission line, without standing waves, and is 
unidirectional. It may also be used without 
the terminating resistor, in which case there 
are standing waves on the wires and the an-
tenna is bidirectional. 

The important quantities influencing 
the design of the rhombic antenna are 
shown in Fig. 14-26. While several de-
sign methods may be used, the one 
most applicable to the conditions exist-
ing in amateur work is the so-called 
"compromise" method. The chart of 
Fig. 14-27 gives design information 
based on a given length and wave angle 
to determine the remaining optimum 
dimensions for best operation. Curves 
for values of length of two, three and 
four wavelengths are shown, and any in-
termediate values may be interpolated. 
With all other dimensions correct, an 

increase in length causes an increase in 
power gain and a slight reduction in 
wave angle. An increase in height also 
causes a reduction in wave angle and 
an increase in power gain, but not to 
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the saine extent as a proportionate increase in 
length. For multiband work, it is satisfactory to 
design the rhombic antenna on the basis of 14-
Mc. operation, which will permit work from the 
7- to 28-Mc. bands as well. 
A value of 800 ohms is correct for the termi-

nating resistor for any properly-constructed 
rhombic, and the system behaves as a pure re-
sistive load under this condition. The terminating 
resistor must be capable of safely dissipating 
one-half the power output (to eliminate the rear 
pattern), and should be noninductive. Such a 
resistor may be made up from a carbon or graph-
ite rod or from a long 800-ohm transmission line 
using resistance wire. If the carbon rod or a 
similar form of lumped resistance is used, the 
device should be suitably protected from weather 
effects; i.e., it should be covered with a good 
asphaltic compound and sealed in a small light-
weight box or fiber tube. Suitable nonreactive 
terminating resistors are also available com-
mercially. 

For feeding the antenna, the antenna im-
pedance will be matched by an 800-ohm line, 
which may be constructed from No. 16 wire 

spaced 20 inches or from No. 18 wire spaced 
16 inches. The 800-ohm line is somewhat 
ungainly to install, however, and may be 
replaced by an ordinary 600-ohm line with 
only a negligible mismatch. Alternatively, 
a matching section may be installed between 
the antenna terminals and a low-impedance 
line. However, when such an arrangement is 
used, it will be necessary to change the match-
ing-section constants for each different band on 
which operation is contemplated. 
The same design details apply to the tinter-

minated rhombic as to the terminated type. 
When used without a terminating resistor, the 
system is bidirectional. Resonant feeders are 
generally used with the unterrninated rhombic. A 
nonresonant line may be used by incorporat-
ing a matching section at the antenna, but is 
not readily adaptable to satisfactory multiband 
work. 
Rhombic antennas will give a power gain of 

8 to 12 db. or more for leg lengths of two to 
four wavelengths, when constructed according 
to the charts given. In general, the larger the 
antenna, the greater the power gain. 

Directive Arrays with Driven Elements 

By combining individual half-wave antennas 
into an array with suitable spacing between 
the antennas (called elements) and feeding 
power to t hem simultaneously, it is possible to 
make the radiated fields from the individual 
elements add in a favored direction, thus in-
creasing the field strength in that direction as 
compared to that produced by one antenna 
element alone. In other directions the fields 
will more or less oppose each other, giving a 
reduction in field strength. Thus a power gain 
in the desired direction is secured at the ex-
pense of a power reduction in other directions. 

Besides the spacing between elements, the in-
stantaneous direction of current flow (phase) 
in individual elements determines the directiv-
ity and power gain. There are several methods 
of arranging the elements. If they are strung 
end to end, so that all lie on the same straight 
line, the elements are said to be collinear. If 
they are parallel and all lying in the same 

— 3,2=  

(B) 14 
Fig. 14-28 — Co linear half-wave antennas in phase. The sys-
tem at A is generally known as " two half-waves in phase» B 
is an extension o the system; in theory the number of elements 
may be carried on indefinitely-, but practical considerations 
usually limit the elements to four. 

plane, the elements are said to be broadside 
when the phase of the current is the same 
in all, and end-fire when the currents are not 
in phase. Elements that receive power from 
the transmitter through the transmission line 
are called driven elements. 
The power gain of a directive system in-

creases with the number of elements. The 
proportionality between gain and number of 
elements is not simple, however. The gain de-
pends upon the effect that the spacing and 
phasing has upon the radiation resistance of the 
elements, as well as upon their number. 

Collinear Arrays 

Simple forms of collinear arrays, with the 
current distribution, are shown in Fig. 14-28. 
The two-element array at A is popularly 
known as "two half-waves in phase." It will 
be recognized as simply a center-fed antenna 
operated at its second harmonic. The way in 
which the number of elements may be extended 
for increased directivity and gain is shown in 
Fig. 14-28B. Note that quarter-wave phasing 
sections are used between elements; these give 
the reversal in phase necessary to make the 
currents in individual antenna elements all 
flow in the same direction at the same instant. 

Any phase-reversing section may be 
used as a quarter-wave matching sec-
tion for attaching a nonresonant feeder, 
or a resonant transmission line may be 
substituted for any of the quarter-wave 
sections. Also, the antenna may be end-
fed by any of the systems previously 
described, or any element may be center-
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TABLE 14-111 

Theoretical Gain of Collinear Half-Wave Antennas 

Spacing between 
centers of adjacent 

half-waves 

Number of half-waves 
in array vs. gain in db. 

2 

wave 
.34 wave 

1.8 
3.2 

3 

3.3 
4.8 

4 

4.5 
6.0 

5 

5.3 
7.0 

6 

6.2 
7.8 

fed. It is best to feed at the center of the array, 
so that the energy will be distributed as uni-
formly as possible among the elements. 
The gain and directivity depend upon the 

number of elements and their spacing, center-
to-center. This is shown by Table 14-III. Al-
though three-quarter wave spacing gives 
greater gain, it is difficult to construct a suit-
able phase-reversing system when the ends of 
the antenna elements are widely separated. For 
this reason, the half-wave spacing is most gen-
erally used in actual practice. 

Collinear arrays may be mounted either 
horizontally or vertically. Horizontal mount-
ing gives increased horizontal directivity, while 
the vertical directivity remains the same as for 
a single element at the same height. Vertical 
mounting gives the same horizontal pattern as 
a single element, but concentrates the radiation 
at low angles. It is seldom practicable to use 
more than two elements vertically at fre-
quencies below 14 Mc. because of the excessive 
height required. 

Broadside Arrays 

Parallel antenna elements with currents in 
phase may be combined as shown in Fig. 14-29 
to form a broadside array, so named because 

Fig. 14-29 — Broadside array using parallel half-wave 
elements. Arrows indicate the direction of current flow. 
Transposition of the feeders is necessary to bring the an-
tenna currents in phase. Any reasonable number of ele-
ments may be used. The array is bidirectional, with 
maximum radiation "broadside" or perpendicular to the 
antenna plane ( perpendicularly through this page). 

the direction of maximum radiation is broad-
side to the plane containing the antennas. 
Again the gain and directivity depend upon 
the number of elements and the spacing, the 
gain for different spacings being shown ill 
Fig. 14-30. Half-wave spacing generally is 
used, since it simplifies the problem of feeding 
the system when the array has more than two 
elements. Table 14-IV gives theoretical gain 
as a function of the number of elements with 
half-wave spacing. 

Broadside arrays may be suspended either 
with the elements all vertical or with them 
horizontal and one above the other (stacked). 
In the former case the horizontal pattern be-
comes quite sharp, while the vertical pattern is 
the same as that of one element alone. If the 
array is suspended horizontally, the horizontal 
pattern is equivalent to that of one element 
while the vertical pattern is sharpened, giving 
low-angle radiation. 

Broadside arrays may be fed either by reso-
nant transmission lines or through quarter-
wave matching sections and nonresonant lines. 
In Fig. 14-29, note the "crossing over" of the 
feeders, which is necessary to bring the ele-
ments into proper phase relationship. 

Combined Broadside and Collinear Arrays 
Broadside and collinear arrays may be 

combined to give both horizontal and vertical 
directivity, as well as additional gain. The 
general plan of constructing such antennas is 
shown in Fig. 14-31. The lower angle of radia-
tion resulting from stacking elements in the 
vertical plane is desirable at the higher fre-
quencies. In general, doubling the number of 
elements in an array by stacking will raise the 
gain from 2 to 4 db., depending upon whether 
vertical or horizontal elements are used — that 
is, whether the stacked elements are of the 
broadside or collinear type. 
The arrays in Fig. 14-31 are shown fed from 

one end, but this is not especially desirable in 
the case of large arrays. Better distribution of 
energy between elements, and hence better 
over-all performance, will result when the 
feeders are attached as nearly as possible to the 
center of the array. Thus, in the eight-element 
array at A, the feeders could be introduced at 
the middle of the transmission line between the 
second and third set of elements, in which case 
the connecting line would not be transposed 
between the second and third set of elements. 
Alternatively, the antenna could be constructed 
with the transpositions as shown and the 
feeder connected between the adjacent ends of 
either the second or third pair of collinear 
elements. 
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Fig. 14-31 — Combination broadside and collinear ar-
ras. A, v. ith vertical elements; B, with horizontal ele-
ments. Both arrays give low-angle radiation. Two or 
more sections may be used. l'he gain in (lb, will be equal. 
approximately, to the sum of the gain for one set of 
broadside elements (Table 14-IV) plus the gain of one set 
of collinear elements (l'able 14-111). For example, in A 
each broadside set has four elements (gain 7 db.) and 
each collinear set two elements (gain 1.8 db.), giving a 
total gain of 8.8 db. In B, each broadside set has two ele-
ments (gain 4 db.) and each collinear set three elements 
(gain 3.3 MO. making the total gain 7.3 db. 'I'he result is 
not strictly accurate, because of mutual coupling be-
tween the elements, but is good enough for practical 
purposes. 

A four-element array of the general type 
shown in Fig. 14-31B, known as the "lazy-11" 
antenna, has been quite frequently used. This 
arrangement is shown, with the feed point indi-
cated, in Fig. 14-32. 

End-Fire Arrays 

Fig. 14-33 shows a pair of parallel half-wave 
elements with currents out of phase. This is 
known as an end-fire array because it radiates 
best along the plane of the antennas, as shown. 
The end-fire array may be used either ver-

7 

feed 
Fig. 14-32 — A four-element combination broadside-
collinear array, popularly known as the lazy-Ir 
antenna. A closed quarier-vs ave stub may be used 
at the feed point to match into a 600-ohm transmission 
line, or resonant feeders may be attached at the point 
indicated. ¡ he gain over a half-wave antenna is 5 to 6 db. 

tically or horizontally (elements at the same 
height), and is well adapted to amateur work 
because it gives maximum gain with relatively 
close element spacing. Fig. 14-30 shows how 
the gain varies with spacing. End-fire elements 
may be combined with additional collinear and 
broadside elements to give a further increase in 
gain and directivity. 

Either resonant or nonresonant lines may be 
used with this type of array. Nonresonant lines 

preferably are matched to the antenna through 
a quarter-wave matching section or phasing 
stub. 

Phasing 

Figs. 14-31 and 14-33 illustrate a point in 
connection with feeding a phased antenna sys-
tem which sometimes is confusing. In Fig. 
14-33, when the transmission line is connected 
as at A there is no crossover in the line con-
necting the two antennas, but when the trans-
mission line is connected to the center of the 
connecting line the crossover becomes neces-
sary (B). This is because in B the two halves 
of the connecting line are simply branches of 
the same line. In other words, even though 
the connecting line in B is a half-wave in 
length, it is not actually a half-wave line but 
two quarter-wave lines in parallel. The same 
thing is true of the untransposed line of Fig. 
14-31B. Note that, under these conditions, the 
antenna elements are in phase when the line 
is not transposed, and out of phase when the 
transposition is made. The opposite is the case 
when the half-wave line simply joins two an-
tenna elements and does not have the feed line 
connected to its center, as in Fig. 14-29. 

Adjustment of Arrays 

With arrays of the types just described, 
using half-wave spacing between elements, it 

( 

(A) (g) t  

Fig. 14-33 — End-fire arrays using parallel half-wave 
elements. The elements are shown with half-wave spac-
ing to illustrate feeder connections. In practice, closer 
spacings are desirable, as shown by Fig. 14-30. Direction 
of maximum radiation is shown by the large arrows. 

will usually suffice to make the length of each 
element that given by Equations 14-B or 14-C. 
The half-wave phasing lines between the 
parallel elements should be of open-wire con-
struction, and their length can be calculated 
from: 

Length of half- wave line (feet) -= (14-H) 

480 

Freq. ( Mc.) 

Example: A half-wavelength phasing line for 

28.8 Mc. would be -480— = 16.66 feet = 16 feet 
28.8 

8 inehea. 

Tice spacing between elements can be made 
equal to the length of the phasing line. No 
special adjustments of line or element length 
or spacing are needed, provided the formulas 
are followed closely. 
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TABLE 14-IV 

Theoretical Gaon vs. Number of Broadside 
Elements (Half-Wave Spacing) 

No. of elements Gain 

2 
3 
4 
5 
6 

4 db. 
5.5 
7 
8 
9 

With collinear arrays of the type shown in 
Fig. 14-28B, the same formula may be used 
for the element length, while the length of the 
quarter-wave phasing section can be found 
from the following formula: 

Length of quarter-ware line (feet) = (14-I) 

240  

Freq. (Mc.) 

Example: A quarter-wavelength phasing line 

for 14.25 Me. would be —240 = 16.84 feet = 16 
14.25 

feet 10 invites. 

(A) 

»,2 

8 

(D) 

064X 

t 
tug. 14-3-1 - e-anten ta sy-teins. t is a 
two-element end-fire arras: 11 is the same arra s with 
center feed, which permit...1i, of the irray on the .... mil 
har lllll where it become- a four-i lem.ent arras with 

e spacing. hlur-ele nent end dire array 
With •,pacing. I ) a simple wo-element broad-
side arras using extended impliase at tonnas ("extended 
double-/cpp - The gain of A and If is slightly over -I db. 
On the -ecorn1 harm,, It will give about 7)-db. gain. 
tt ith C, the gain is approximately t db.., and with II, 
approximateis 3 ilk In A, It and ( , the phasing line 
vontribute. :I I IOW is wavelength t ) the transmission 
line: when IS is used on the sect nd harmonic, this 
contribution wavelength. Alternatively, the an-
tenn,i ends ma s be bent to meet the ransmission line, in 
us Inch ease eau- Ii feeder is simply connected to one an-
tenna. In I), points )". 1- indicate a planer-wave point 
(high current) and A- X- a half-way point (high volt-
age). The line may be extended in multiples of quarter 
waves if resonant. feeders are to I e used. A, 13 and 
C nias be suspended on wooden spreaders. l'he plane 
containing the wires should be parallel to the ground. 

If the array is fed in the center it should not be 
necessary to make any particular adjustments, 
although, if desired, the whole system can be 
resonated by connecting all r.f. ammeter in the 
shorting link of each phasing section and mov-
ing the link back and forth to find the maxi-
mum-current position. This refinement is 
hardly necessary in practice, however, so long 
as all elements are the same length and the 
system is symmetrical. 
The phasing sections can be made of 300-

ohm Twin-Lead, if low power is used. How-
ever, the lengths of the phasing sections must 
then be only 84 per cent of the length obtained 
in the two formulas above. 

Example: The Indf-wavelengtb line for 28.8 
Mc, would become 0.84 X 16.66 = 13.99 feet = 
14 feet 0 inches. 

Using Twin-Lead for the phasing sections is 
most useful in arrays such as that of Fig. 
14-28B, or any other system in which the ele-
ment spacing is not controlled by the length 
of the phasing section. 

Simple Arrays 

Several simple directive-antenna systems 
using driven elements have achieved rather 
wide use among amateurs. Four of these sys-
tems are shown in Fig. 14-34. Tuned feeders 
are assumed in all cases: however, a matching 
section readily can lw substituted if a non-
resonant transmission line is preferred. Di-
mensions given are in terms of wavelength; 
actual lengths can be calculated from the 
equations for the antenna and from the equa-
tion above for the resonant transmission line 
or matching section. In cases where the trans-
mission line proper connects to the midpoint 
of a phasing line, only half the length of the 

latter should be added to the line to 
  find the quarter-wave point. 

At A and B are two-element end-
lire arrangements using close spacing. They are 
electrically equivalent; the only difference is in 
the method of connecting the feeders. B may also 
be used as a four-element array on the second 
harmonic, although the spacing is not quite 
optimum ( Fig. 14-30) for such operation. 
A close-spaced four-element array is shown 

at C. It will give about 2 db. more gain than the 
two-element array. 

The antenna :it D, commonly known as the 
"extended double-Zepp," is designed to take 
advantage of the greater gain possible with 
collinear antennas having greater than half-
wave center-to-center spacing, but without 
introducing feed complications. 'Ile elements 
are made longer than a half-wave in order to 
bring this about. The gain is 3 db. over a single 
half-wave antenna, and the broadside direc-
tivity is fairly sharp. 
The antennas of A and B may be mounted 

either horizontally or vertically; horizontal 
suspension (with the elements in a plane paral-
lel to the ground) is recommended, since this 
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tends to give low-angle radiation without an 
unduly sharp horizontal pattern. Thus these 
systems are useful for coverage over a wide 
horizontal angle. The system at C, when 
mounted horizontally, will have a sharper hor-

347 
izontal pattern than the two-element arrays 
because of the effect of the collinear arrange-
ment. The vertical pattern, however, will 
be the same as that of the antennas in A 
and B. 

Directive Arrays with Parasitic Elements 

Parasitic Excitation 

The antenna arrays previously described are 
bidirectional; that is, they will radiate in di-
rections both to the "front" and to the "back" 
of the antenna system. If radiation is wanted 
in only one direction, it is necessary to use 
different element arrangements. In most of these 
arrangements the additional elements receive 
power by induction or radiation from the 
driven element, generally called the "antenna," 
and reradiate it in the proper phase relation-
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Fig. 14-35 — Gain rs. element spacing for an antenna 
and one parasitic element. The reference point, 0 db., is 
the field strength f  a half.,, a ve antenna al . The 
greatest gain is in direction A at spari rigs of le than 
0.14 wavelength. and in direction 11 at greater spacings. 
l'he front-to-back ratio is the differenee in ill), between 
curves A and B. aria t ion in radia ion resistance of the 
driven element also is show n. These curves are for a self-
resonant parasitic element. 'o nms t spacings the gain as 
a reflector can he increased by - light lengthening of the 
parasitic element: the gain as a director can be increased 
by shortening. This also improves the front-to-back ratio. 

ship to achieve the desired effect. These ele-
ments are called parasitic elements, as con-
trasted to the driven elements which receive 
power directly from the transmitter through 
the transmission line. 
The parasitic element is called a director 

when it reinforces radiation on a line pointing 
to it from the antenna, and a reflector when the 
reverse is the case. Whether the parasitic ele-
ment is a director or reflector depends upon the 
parasitic-element tuning, which usually is ad-
justed by changing its length. 

Gain vs. Spacing 

The gain of an antenna with parasitic elements 
varies with the spacing and tuning of the ele-
ments, and thus for any given spacing there is a 

tuning condition that will give maximum gain at 
this spacing. The maximum front-to-back ratio 
seldom, if ever, occurs at the same condition that 
gives maximum forward gain. The impedance of 
the driven element also varies with the tuning 
and spacing, and thus the attenna system must be 
tuned to its final condition before the match 
between the line and the antenna can be com-
pleted. However, the tuning and matching may 
interlock to some extent, and it is usually neces-
sary to run through t lie adjustments several times 
to insure that the hest possible tuning has been 
obtained. 

Two-Element Beams 

A 2-element beam is useful where space or 
other considerations prevent the use of the 
larger structure required for a 3-element beam. 
The general practice is to tune the parasitic ele-
ment as a reflector and space it about 0.15 wave-
length from the driven element, although some 
successful antennas have been built with 0.1-
wavelength spacing and director tuning. Cain vs. 
element spacing for a 2-element antenna is given 
in Fig. 14-35, for the special case where the para-
sitic element is resonant, but it is indicative of 
the performance to be expected under maximum-
gain tuning conditions. 
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/4.36 — Gain vs. element spacing for 3-element 
beams using a driven element and a director and a re-
flector. The 0-db. reference level is the field strength 
from a half-wavelength antenna alone. These curves 
are for the system tuned for maximum forward gain. 
The element spacing shown is the fraction of a wave-

length determined by  . Thus a wavelength 
f (Me.) 

at 14.2 Mc. = 984/14.2 = 69.3 feet. A spacing of 
0.15 wavelength at 14.2 Mc. would be 0.15 X 69.3 = 
10.4 feet = 10 feet 5 inches. 
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Three-Element Beams 

Where room is available for an over-all length 
greater than 0.2 wavelength, a 3-element beam is 
preferable to one with only 2 elements. Once the 
over-all length has been decided upon, the curves 
of Fig. 14-36 can be used to determine the proper 
spacing of director and reflector. If, for example, 
the distance between director and reflector can be 
made 0.4 wavelength, Fig. 14-36 shows that a 
spacing of 0.2D-0.2R gives a gain of 7.9 db., and a 
spacing of 0.25D-0.15R gives a gain of 8.2 db. 
Obviously the latter is the better choice, although 
the practical difference might be difficult to 
measure, and practical (mechanical) considera-
tions might call for using the more balanced 
0.2D-0.2R construction. 
When the over-all length has been decided 

upon, and the element spacing has been deter-
mined, the element lengths can be found by re-
ferring to Fig. 14-37. It must be remembered that 
tht lengths determined by these charts will vary 
slightly in actual practice with the element 
diameter and the method of supporting the ele-
ments, and the tuning of a beam should always 
be checked after installation. However, the 
lengths obtained by the use of the charts will be 
close to correct in practically all cases, and they 
can be used without checking if the beam is 
difficult of access. 
The preferable method for checking the beam 

is by means of a field-strength meter or the 
S-meter of a communications receiver, used in 
conjunction with a half-wave dipole antenna 
located at least 10 wavelengths away and as high 
as or higher than the beam that is being checked. 
A few watts of power fed into the antenna will 
give a useful signal at the observation point, and 
the power input to the transmitter (and hence the 
antenna) should be held constant for all of the 
readings. Beams tuned on the ground and then 
lifted into place are subject to tuning errors and 
cannot be depended upon. The impedance of the 
driven element will vary with the height above 
ground, and good practice dictates that all final 
matching between antenna and line be done with 
the antenna in place at its normal height above 
ground. 

Simple Systems: the Rotary Beam 

Two- and 3-element systems are popular for 
rotary-beam antennas, where the entire antenna 
system is rotated, to permit its gain and direc-
tivity to be utilized for any compass direction. 
They may be mounted either horizontally 
(with the plane containing the elements paral-
lel to the earth) or vertically. 
A 4-element beam will give still more gain 

than a 3-element one, provided the support is 
sufficient for at least 0.2-wavelength spacing be-
tween elements. The tuning for maximum gain 
involves many variables, and complete gain and 
tuning data are not available. 
The elements in close-spaced (less than one-

quarter wavelength element spacing) arrays 
preferably should be made of tubing of one-

half to one-inch diameter. A conductor of 
large diameter not only has less ohmic re-
sistance but also has lower Q; both these 
factors are important in close-spaced arrays 
because the impedance of the driven element 
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Fig. 14-37 — Element lengths for a 3-element beam. 
These lengths will hold closely for tubing elements sup-
ported at or near the center. The radiation resistance 
(D) is useful information in planning for a matching 
s) stem. but it is subject to variation %s ill height abo‘e 
ground and must be considered only as an approxima-
tion. 
The driven-element length (C) may require modifica-

tion for tuning out reactance if a T- or gamma-match 
feed system is used, as mentioned in the text. 
A 0.2D-0.2R beam cut for 28.6 Mc. would have a 

director length of 452/28.6 = 15.8 = 15 feet 10 inches, 
a reflector length of 490/28.6 = 17.1 = 17 feet 1 inch, 
and a driven-element length of 470.5/28.6 = 16.45 = 16 
feet 5 inches. 
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usually is quite low compared to that of a 
single half-wave dipole. With 3- and 4-element 
arrays the radiation resistance of the driven 
element may be so low that ohmic losses in the 
conductor can consume an appreciable fraction 
of the power. Low radiation resistance means 
that the antenna will work over only a small 
frequency range without retuning unless large-
diameter conductors are used. 

Feeding Close-Spaced Arrays 

Any of the usual methods of feed may be ap-
plied to the driven element of a parasitic array. 
The preferred methods are shown in Fig. 
14-38. Resonant feeders are not recommended 
for lengths greater than a half-wavelength un-
less open-wire lines of copper-tubing con-
ductors are used. 

Three versions of the popular " T"-match 
are shown, for two-wire lines of Twin-Lead at 
A, for single coaxial line at B, and for double 
coaxial line at C. The match is adjusted by 
moving the shorting bars, keeping them 
equidistant from the center, until the mini-
mum s.w.r. is obtained on the line. If the 
s.w.r. minimum is not 1.5 or less, the trans-
mitter frequency should be shifted to find the 
frequency where the minimum s.w.r. occurs. 
If it is higher than the original test frequency, 
increase the antenna element length slightly. 
The parasitic element lengths taken from Fig. 
14-37 should not require much adjustment unless 
considerably different spacing is used, but it may 
be necessary to change the position of the short-
ing bars and the length of the antenna element 
once or twice before the s.w.r. at the test fre-
quency is acceptable. The matching section may 
be made of the same type of conductor as the 
element and spaced a few inches from it. The 
length of the matching section will be greater 
with higher-impedance lines and with wider 
element spacing. A good starting point for a 
28-Me. wide-spaced (0.2D-0.15R) beam fed 
with 300-ohm Twin-Lead is 28 inches each side 
of center. A similar antenna and line on 14 Mc. 
might require about 56 inches each side. 
The gamma match, shown in Fig. 14-38D, 

can be considered as one-half a " T"-match, 
and the same principles hold. However, when 
the length of the element is changed, in an ef-
fort to minimize the s.w.r., only the side to 
which the movable bar is connected should be 
changed — the other side should remain at 
one-half the length obtained from Fig. 14-37. 
With 52-ohm coaxial line feed, the length of 
the matching element may run around 15 to 
20 inches in a 28-Mc, beam, and twice this 
value in a 14- Mc. array. 
An alternative to adjusting the element length 

fo: tuning out the residual reactance is to use a 
small variable condenser in series at the junction 
of the coaxial-cable inner conductor and the 
matching section of the gamma match. A small 
140-add. receiving-type variable is adequate at 
powers of a few hundred watts, and it can be 
weatherproofed by mounting it in a small plastic 

(A) 

349 

111  

(B) iCoaxel line 

e Center 

1 

(C) 

IT 

-- COdnIal lines 

(D) 

Center of 
antenna 

..--Coaxial line 

\ A 
(E) 

(F) 

,- Two-wire line 

T-.---Two-wire line 

(G) 

Fig. 14-38 — Recommended methods of feeding the 
driven antenna element in close-spaced parasitic arrays. 
The parasitic elements are not shown. A, B, C, NT"-
match; D, -gamma" match; E, delta matching trans-
former; F, coaxial-line quarter-wave matching section; 
G, folded dipole. Adjustment details are discussed in the 
text. 

cup or other housing. The T-match of Figs. 
14-38 A, B or C would require two condensers, 
one in each side. 
The delta matching transformer shown at E 

is probably easier to install, mechanically, 
than any of the others. The positions of the 
taps (dimension a) must be determined ex-
perimentally, along with the length, b, by 
checking the standing-wave ratio on the line 
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as adjustments are made. Dimension I) should 
be about 15 per cent longer than a. 
The coaxial-line matching section at F 

will work with fair accuracy int o a close-spaced 
parasitic array of 2, 3 or 4 elements without 
necessity for adjustment. The line is used as 
a quarter-wavelength transformer, and, if its 
characteristic impedance is 70 ohms (RG-
11 /U), it will give a good match to a 600-ohm 
line when the resistance at the termination is 
about 8.5 ohms. Over a range of 5 to 15 ohms 
the mismatch, and therefore the standing-
wave ratio, will be less than 2-to- 1. The length 
of the quarter-wave section may be calculated 
from 

246V 
Length (feet) = 

where V = Velocity factor 
f = Frequency in Mc. 

Example: A quarter-wave transformer of RO-II /U 
is to be used at 28.7 Mc. From the table in Chapter 
Thirteen, V = 0.66. 

246 X 0.66 
Length - 

28.7 

(14—.1) 

= 5.67 feet 

= 5 feet 8 inches 

The folded-dipole antenna, Fig. 14-38G, 
presents a good match for the line when 
properly designed. Details are given in Chap-
ter Thirteen. Different impedance step-up 
ratios can be obtained by varying the number 
of conductors or their diameter ratio. 

Sharpness of Resonance 

Peak performance of a multielement para-
sitic array depends upon proper phasing or 
tuning of the elements, which can be exact for 
one frequency only. In the case of close-spaced 
arrays, which because of the low radiation 
resistance usually are quite sharp-tuning, the 
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TrOnStnitter Receiver 

O.P 0 T 

(F) 

frequency range over which optimum results 
can be secured is only of the order of I or 2 
per cent of the resonant frequency, or up to 
about 500 kc. at 28 Mc. However, the antenna 
can be made to work satisfactorily over a 
wider frequency range by adjusting the direc-
tor or directors to give maximum gain at the 
highest frequency to be covered, and by ad-
justing the reflector to give optimum gain at 
the lowest frequency. This sacrifices sonie gain 
at all frequencies, but maintains more uniform 
gain over a wider frequency range. 

As mentioned in the preceding paragraphs, 
the use of large-diameter conductors will 
broaden the response curve of an array be-
cause the larger diameter lowers the Q. This 
causes the reactances of the elements to change 
rather slowly with frequency, with the result 
that the tuning stays near the optimum over 
a considerably wider frequency range than is 
the case with wire conductors. 

Combination Arrays 

It is possible to combine parasitic elements 
with driven elements to form arrays composed 
of collinear driven and parasitic elements and 
combination broadside-collinear-parasitic ele-
ments. Thus two or more collinear elements 
might be provided with a collinear reflector or 
director set, one parasitic element to each 
driven element. Or both directors and reflec-
tors might be used. A broadside-collinear array 
could be treated in the same fashion. 
When combination arrays are built up, a 

rough approximation of the gain to be ex-
pected may be obtained by adding the gains 
for each type of combination. Thus the gain of 
two broadside sets of four collinear arrays with 
a set of reflectors, one behind each element, at 
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quarter-wave spacing for the parasitic ele-
ments, would be estimated as follows: From 
Table 14-III, the gain of four collinear elements 
is 4.5 db. with half-wave spacing; from Fig. 
14-30 or Table 14-IV, the gain of two broadside 
elements at half-wave spacing is 4.0 db.; from 
Fig. 14-36, the gain of a parasitic reflector at 
quarter-wave spacing is 4.5 db. The total gain 
is then the sum, or 13 db. for the sixteen ele-
ments. Note that it makes no difference in the 
final result if the array is considered as a 
grouping of several sets of antennas plus re-
flectors or as an array of antennas plus an array 
of reflectors. The actual gain of the combination 
array will depend, in practice, upon the way 
in which the power is distributed between the 
various elements and upon the effect which 
mutual coupling between elements has upon 
the radiation resistance of the array, and may 
be somewhat higher or lower than the estimate. 
A great many directive-antenna combina-

tions can be worked out by combining ele-
ments according to these principles. 

• RECEIVING ANTENNAS 
Nearly all of the properties possessed by an 

antenna as a radiator also apply when it is 
used for reception. Current and voltage dis-
tribution, impedance, resistance and direc-
tional characteristics are the saine in a receiv-
ing antenna as if it were used as a transmitting 
antenna. This reciprocal behavior makes pos-
sible the design of a receiving antenna of 
optimum performance based on the same 
considerations that have been discussed for 
transmitting antennas. 
The simplest receiving antenna is a wire of 

random length. The longer and higher the wire, 
the more energy it abstracts from the wave. Be-

-cause of the high sensitivity of modern receivers, 
sometimes only a short length of wire strung 
around the room is used for a receiving antenna, 
but such an antenna cannot be expected to give 
good performance, although it is adequate for 

loud signals on the 3.5- and 7-Mc. bands. It will 
serve in emergencies, but a longer wire outdoors 
is always better. 
The use of a tuned antenna improves the 

operation of the receiver, however, because the 
signal strength is raised more in proportion to 
the stray noises picked up than is the case 
with wires of random length. Since the trans-
mitting antenna usually is given the best loca-
tion, it can also be expected to serve best for 
receiving. This is especially true when a direc-
tive antenna is used, since the directional ef-
fects and power gain of directive transmitting 
antennas are the same for receiving as for 
transmitting. 

In selecting a directional receiving antenna it 
is preferable to choose a type that gives very 
little response in all but the desired direction 
(small minor lobes). This is even more impor-
tant than high gain in the desired direction, 
because the cumulative response to noise and 
unwanted-signal interference in the smaller 
lobes may offset the advantage of increased 
desired-signal gain. The feed line from the an-
tenna should be balanced so that it will not 
pick up signals and greatly reduce the direc-
tivity effects. 

Antenna Switching 

Switching of the antenna from receiver to 
transmitter is commonly done with a change-
over relay, connected in the antenna leads or 
the coupling link from the antenna tuner. 
If the relay is one with a 115-volt a.c. coil, the 
switch or relay that controls the transmitter 
plate power will also control the antenna relay. 
If the convenience of a relay is not desired, 
porcelain knife switches can be used and 
thrown by hand. 

Typical arrangements are shown in Fig. 
14-39. If coaxial line is used, the use of a 
coaxial relay is recommended, although on the 
lower-frequency bands a regular switch or 
change-over relay will work almost as well. 

Antenna Construction 

The use of good materials in the antenna 
system is important, since the antenna is 
exposed to wind and weather. To keep elec-
trical losses low, the wires in the antenna and 
feeder system must have good conductivity 
and the insulators must have low dielectric loss 
and surface leakage, particularly when wet. 

For short antennas, No. 14 gauge hard-drawn 
enameled copper wire is a satisfactory conduc-
tor. For long antennas and directive arrays, 
No. 14 or No. 12 enameled copper-clad steel 
wire should be used. It is best to make feeders 
and matching stubs of ordinary soft-drawn No. 
14 or No. 12 enameled copper wire, since hard-
drawn or copper-clad steel wire is difficult to 
handle unless it is under considerable tension 
at all times. The wires should be all in one piece; 

where a joint cannot be avoided, it should be 
carefully soldered. 

In building a two-wire open line, the 
spacer insulation should be of as good quality 
as in the antenna insulators proper. For this 
reason, good ceramic spacers are advisable. 
Wooden dowels boiled in paraffin may be used 
with untuned lines, but their use is not recom-
mended for tuned lines. The wooden dowels 
can be attached to the feeder wires by drilling 
small holes and binding them to the feeders 
with wire. 
At points of maximum voltage, insulation is 

most important, and Pyrex glass, Isolantite or 
Steatite insulators with long leakage paths are 
recommended for the antenna. Glazed porce-
lain also is satisfactory. Insulators should be 
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cleaned once or twice a year, especially if they 
are subjected to much smoke and soot. 

In most cases poles or masts are desirable 
to lift the antenna clear of surrounding build-
ings, although in some locations the antenna 
will be sufficiently in the clear when strung 
from one chimney to another or from a house-
top to a tree. Small trees usually are not satis-
factory as points of suspension for the antenna 
because of their movement in windy weather. 
f the antenna is strung from a point near 
the center of the trunk of a large tree, this 
difficulty is not so serious. Where the antenna 
wire must be strung from one of the smaller 
branches, it is best to tie a pulley firmly to the 
branch and run a rope through the pulley to 
the antenna, with the other end of the rope at-
tached to a counterweight near the ground. 
The counterweight will keep the tension on the 
antenna wire reasonably constant even when 
the branches sway or the rope tightens and 
stretches with varying climatic conditions. 

Telephone poles, if they can be purchased 
and installed economically, make excellent 
supports because they do not ordinarily re-
quire guying in heights up to 40 feet or so. 
Many low-cost television-antenna supports 
are now available, and they should not be 
overlooked as possible antenna aids. 

• "A"-FRAME MAST 
The simple and inexpensive mast shown in 

Fig. 14-40 is satisfactory for heights up to 
35 or 40 feet. Clear, sound lumber should 
be selected. The completed mast may be pro-
tected by two or three coats of house paint. 

If the mast is to be erected on the ground, a 
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Fig. 14-40 — Details of a simple 40-foot "A"-frame mast 
suitable for erection in locations where space is limited. 

couple of stakes should be driven to keep the 
bottom from slipping and it may then be 
" walked up" by a pair of helpers. If it is to go 
on a roof, first stand it up against the side of 
the building and then hoist it from the roof, 
keeping it vertical. The whole assembly is light 
enough for two men to perform the complete 
operation — lifting the mast, carrying it to its 
permanent berth, and fastening the guys — 
with the mast vertical all the while. It is en-
tirely practicable, therefore, to erect this type 
of mast on any small, flat area of roof. 
By using 2 X 3s or 2 X 4s, the height may 

be extended up to about 50 feet. The 2 X 2 is 
too flexible to be satisfactory at such heights. 

• SIMPLE 40-FOOT MAST 
The mast shown in Fig. 14-41 is relatively 

strong, easy to construct, readily dismantled, 
and costs very little. Like the " A "-frame, it is 
suitable for heights of the order of 40 feet. 
The top section is a single 2 X 3, bolted at 

the bottom between a pair of 2 X 3s with an 
overlap of about two feet. The lower section 
thus has two legs spaced the width of the nar-
row side of a 2 X 3. At the bottom the two 
legs are bolted to a length of 2 X 4 which is 
set in the ground. A short length of 2 X 3 is 
placed between the two legs about halfway up 
the bottom section, to maintain the spacing. 
The two back guys at the top pull against 

the antenna, while the three lower guys pre-
vent buckling at the center of the pole. 
The 2 X 4 section should be set in the ground 

so that it faces the proper direction, and then 
made vertical by lining it up with a plumb bob. 
The holes for the bolts should be drilled before-
hand. With the lower section laid on the 
ground, bolt A should be slipped in place 
through the three pieces of wood and tightened 
just enough so that the section can turn freely 
on the bolt. Then the top section may be bolted 
in place and the mast pushed up, using a ladder 
or another 20-foot 2 X 3 for the job. As the 
mast goes up, the slack in the guys can be taken 
up so that the whole structure is in some meas-
ure continually supported. When the mast is 
vertical, bolt B should be slipped in place and 
both A and B tightened. The lower guys can 
then be given a final tightening, leaving those 
at the top a little slack until the antenna is 
pulled up, when they should be adjusted to pull 
the top section into line. 

• GUYS AND GUY ANCHORS 
For masts or poles up to about 50 feet, No. 

12 iron wire is a satisfactory guy-wire material. 
Heavier wire or stranded cable may be used for 
taller poles or poles installed in locations where 
the wind velocity is high. 
More than three guy wires in any one set 

usually are unnecessary. If a horizontal an-
tenna is to be supported, two guy wires in the 
top set will be sufficient in most cases. These 



ANTENNAS 353 

TOP GUYS 

CENTER GUYS 

Fig. 14-41 — A simple 
and sturdy mast for 
heights in the vicinity 
of 40 feet, pivoted at 
the base for easy erec-
tion. The height can 
be extended to 50 feet 
or more by using 2 X 
4s instead of 2 X 3s. 

should run to the rear of the mast about 100 
degrees apart to offset the pull of the antenna. 
Intermediate guys should be used in sets of 
three, one running in a direction opposite to 
that of the antenna, while the other two are 
spaced 120 degrees either side. This leaves a 
clear space under the antenna. The guy wires 
should be adjusted to pull the pole slightly 
back from vertical before the antenna is hoisted 
so that when the antenna is pulled up tight the 
mast will be straight. 
When raising a mast that is big enough to 

tax the facilities available, it is some advantage 
to know nearly exactly the length of the guys. 
Those on the side on which the pole is lying can 
then be fastened temporarily to the anchors 
beforehand, which assures that when the pole is 

Fig. 14-42 — Using a lever for twisting heavy guy wires. 

raised, those holding opposite guys will be 
able to pull it into nearly-vertical position with 
no danger of its getting out of control. The guy 
lengths can be figured by the right-angled-
triangle rule that " the sum of the squares of 
the two sides is equal to the square of the 
hypotenuse." In other words, the distance from 
the base of the pole to the anchor should be 
measured and squared. To this should be 
added the square of the pole length to the 
point where the guy is fastened. The square 
root of this sum will be the length of the guy. 
Guy wires should be broken up by strain 

insulators, to avoid the possibility of resonance 
at the transmitting frequency. Common prac-
tice is to insert an insulator near the top of 
each guy, within a few feet of the pole, and 
then eut each section of wire between the 
insulators to a length which will not be 
resonant either on the fundamental or har-
monics. An insulator every 25 feet will be 
satisfactory for frequencies up to 30 Mc. The 
insulators should be of the "egg" type with 
the insulating material under compression, so 
that the guy will not part if the insulator breaks. 

Twisting guy wires onto "egg" insulators may 
be a tedious job if the guy wires are long and of 
large gauge. The simple time- and finger-saving 
device shown in Fig. 14-42 can be made from a 
piece of heavy iron or steel by drilling a hole 
about twice the diameter of the guy wire about a 
half inch from one end of the piece. The wire is 
passed through the insulator, given a single turn 
by hand, and then held with a pair of pliers at 
the point shown in the sketch. By passing the 
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Fig. 14-43 — Pipe 
guy anchors. One 
pipe is sufficient 
for small masts, 
but two installed 
as shown will pro-
vide the additional 
strength required 
for the larger poles. 

wire through the hole in the iron and rotating the 
iron as shown, the wire may be quickly and neatly 
twisted. 
Guy wires may be anchored to a tree or 

building when they happen to be in convenient 
spots. For small poles, a 6-foot length of 1-inch 
pipe driven into the ground at an angle will 
suffice. Additional bracing will be provided by 
using two pipes, as shown in Fig. 14-43. 

• HALYARDS AND PULLEYS 
lIalyards or ropes and pulleys are important 

items in the antenna-supporting system. Par-
ticular attention should be directed toward the 
choice of a pulley and halyards for a high mast 
since replacement, once the mast is in position, 
may be a major undertaking if not entirely 
impossible. 

Galvanized-iron pulleys will have a life of 
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only a year or so. Especially for coastal-area 
installations, marine-type pulleys with hard-
wood blocks and bronze wheels and bearings 
should be used. 

For short antennas and temporary installa-
tions, heavy clothesline or window-sash cord 
may be used. However, for more permanent 
jobs, %-inch or -inch waterproof hemp rope 
should be used. Even this should be replaced 
about once a year to insure against breakage. 
Nylon rope, used during the war as glider 

tow rope, is, of course, one of the best materials 
for halyards, since it is weatherproof and has 
extremely long life. 

It is advisable to carry the pulley rope back 
up to the top in " endless" fashion in the manner 
of a flag hoist so that if the antenna breaks close 
to the pole, there will be a means for pulling 
the hoisting rope back down. 

Heavy 

Screw-eyes 
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/nscdotors 

SprInqs 

Slack wire 

là feed- through 
insulators 

A 
Fig. 14-44 — A — Anchoring feeders takes the stra'n from teed. 
through insulators or window glass. B — Going through a 
full-length screen, a cleat is fastened to the frame of the screen 
on the inside. Clearance holes are cut in the cleat and also in 
the screen. 
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• BRINGING THE ANTENNA OR 
FEED LINE INTO THE STATION 

The antenna or transmission line should be 
anchored to the outside wall of the building, as 
shown in Fig. 14-44, to remove strain from the 
lead-in insulators. Holes cut through the walls 
of the building and fitted with feed-through 
insulators are undoubtedly the best means of 
bringing the line into the station. The holes 
should have plenty of air clearance about the 
conducting rod, especially when using tuned 
lines that develop high voltages. Probably 
the best place to go through the walls is the 
trimming board at the top or bottom of a win-
dow frame which provides flat surfaces for 
lead-in insulators. Either cement or rubber 
gaskets may be used to waterproof the exposed 
joints. 
Where such a procedure is not permissible, 

the window itself usually offers the best oppor-
tunity. One satisfactory method is to drill 
holes in the glass near the top of the upper sash. 
If the glass is replaced by plate glass, a stronger 
job will result. Plate glass may be obtained 
from automobile junk yards and drilled before 
placing in the frame. The glass itself provides 
insulation and the transmission line may be 
fastened to bolts fitting the holes. Rubber 

FRO..? 

Sill 

Fig. 14-45 — An an-
tenna lead-in panel 
may be placed over the 
top sash or under the 
lower sash of a window. 
Substituting a smaller 
height sash in half the 
window will simplify 
the weatherproofing 
problem where the sash 
overlap. 

gaskets will render the holes waterproof. The 
lower sash should be provided with stops to 
prevent damage when it is raised. If the win-
dow has a full-length screen, the scheme shown 

in Fig. 14-44B may be used. 
As a less permanent method, the window 

may be raised from the bottom or lowered 
from the top to permit insertion of a board 
which carries the feed-through insulators. 
This lead-in arrangement can be made 
weatherproof by making an overlapping 
joint between the board and window sash, 
as shown in Fig. 14-45. 

• LIGHTNING PROTECTION 
An ungrounded radio antenna, par-

ticularly if large and well elevated, is a 
lightning hazard. When grounded, it pro-
vides a measure of protection. Therefore, 
grounding switches or lightning arresters 

reed 
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Fig. 14-46 — Low-loss ligl  " g arresters for transmit-
ting-antenna installations. 
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should be provided. Examples of construction of 
low-loss arresters are shown in Fig. 14-46. At A, 
the arrester electrodes are mounted by means of 
stand-off insulators on a fireproof asbestos board. 
At B, the electrodes are enclosed in a standard 
steel outlet box. The gaps should be made as 
small as possible without danger of breakdown 
during operation. Lightning-arrester systems re-

quire the best ground connection obtainable. 
The most positive protection is to ground 

the antenna system when it is not in use; 
grounded flexible wires provided with clips for 
connection to the feeder wires may be used. 
The ground lead should be short and run, if 
possible, directly to a driven pipe or water pipe 
where it enters the ground outside the building. 

Rotary-Beam Construction 
It is a distinct advantage to by able to shift 

the direetion of a beam antenna at will. thus 
securing the benefits 0i. power gain and direc-
tivity in any desired compass direction. A 
favorite method of doing this is to construet 

Fig. 14-17 — A ladder-supported 3-element -.2• 
beam. It is mounted on a pipe mast t ha t projerts 
through a bearing in the roof and is turned (nun the 
attic operating room. ( V‘. I M 11K in August, 1946, Q.ST.) 

the antenna so that it can be rotated in the 
horizontal plane. Obviously, the use of such 
rotatable antennas is limited to the higher 
frequencies — 14 Mc. and above — and to the 
simpler antenna-element combinations if the 
structure size is to be kept within practicable 
bounds. For the 14- and 28- Mc, bands such 
antennas usually consist of two to four ele-
ments and are of the parasitic-array type de-
scribed earlier in this chapter. At 50 Mc. and 
higher it becomes possible to use more elabo-
rate arrays because of the shorter wavelength 
and thus obtain still higher gain. Antennas for 
these bands are described in aord hi,r chapter 
The problonm In rotary-bettm ronstr uction 

are those of providing a suitable mechanical 
support for the antenna elements. furnishing 
a means of rotation, and attaehing the trims-
mission line so that it does not interfere with 
the rotation of the system. 

Elements 

The antenna elements usually are made of 
metal tubing so that they will be at least 
partially self-supporting, thus simplifying the 
supporting structure. The large diameter of 

the conductor is beneficial also in reducing 
resistance, which becomes an important con-
sideration when close-spaced elements are used. 

Dural tubes often are used for the elements, 
and thin-walled corrugated steel tubes with 
copper coating also are available for this pur-
pose. The elements frequently are constructed 
of sections of telescoping tubing making length 
adjustments for tuning quite easy. Electri-
cian's thin-walled conduit also is suitable for 
rotary-beam elements. 

If steel elements are used, special precautions 
should be taken to prevent rusting. Even cop-
per-coated steel does not stand up indefi-
nitely, since the coating usually is too thin. 
The elements should be coated both inside and 

Fig. 14-48— A four-element 14 Mc. beam of light-
weight all-metal construction. Fed by coaxial cable and 
hand-rotated, the antenna and boom assembly weighs 
only 40 pounds. (K116IJ, Dec., 1947, Q.ST.) 
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Fig. 14-49 — Details of the 4-element beam construction. The general dimensions and arrangement of the beam 
are given in A, the detail of the ends of the boom is shown at 13, and C shows the construction of the central pivot. 
A discarded forge-blower gear train is used to drive the assembly. 

out with slow-drying aluminum paint. For 
coating the inside, a spray gun may be used, 
or the paint may be poured in one end while 
rotating the tubing. The excess paint may be 
caught as it comes out the bottom end and 
poured through again until it is certain that 
the entire inside wall has been covered. The 
ends should then be plugged up with corks 
sealed with glyptal varnish. 

Supports 

The supporting framework for a rotary 
beam usually is made of wood or metal, using 
as lightweight construction as is consistent 
with the required strength. Generally, the 
frame is not required to hold much weight, 
but it must be extensive enough so that the 
antenna elements can be supported near 
enough to their ends to prevent excessive sag, 
and it must have sufficient strength to stand 
up under the maximum wind in the locality. 
The design of the frame will depend on the 
size of the elements, whether they are mounted 
horizontally or vertically, and the method to 
be employed for rotaitng the antenna. 
The general preference is for horizontal 

polarization, primarily because less height is 
required to clear surrounding obstructions 
when all the antenna elements are in the 
horizontal plane. This is important at 14 and 
28 Mc. where the elements are fairly long. 
The support may be coupled to the pole by 

any convenient means which permits rotation 
or, alternatively, it may be firmly fastened to 
the pole and the latter rotated in bearings af-
fixed to the side of the house. 

One type of construction is shown in Fig. 
14-47. It uses a section of ordinary ladder as 
the main support, with crosspieces to hold the 
tubing antenna elements. 

Metal Booms 

Metal can be used to support the elements 
of the rotary beam. For 28 Mc., a piece of 2-
inch diameter duraluminum tubing makes a 
good " boom" for supporting the elements. 
The elements can be made to slide through 
suitable holes in the boom, or special clamps 
and brackets can be fashioned to support the 
elements. By making use of tubing or duralu-
minum angle, a lightweight support for a 20-
meter antenna can be built. The four-element 
beam shown in Figs. 14-48, 14-49 and 14-50 
is an example. It uses 13%-inch angle for the 
main pieces and 3-inch angle for the other 
members, and the entire framework plus ele-
ments weighs only forty pounds. This simplifies 
considerably the problem of support. 
The following aluminum pieces are required: 

4 — 1-inch diameter tubing, 12 feet long, 
ís-inch wall 

8 —  g-inch diameter tubing, 12 feet long, %2-
inch wall. Must fit snugly into 1-inch 
tubing. 

2 — 13%-inch angle, 21 feet long 
2 — 3%-inch angle, 21 feet long 
4 — %-inch angle, 1 foot long 
2 — 3/2-inch diameter tubing, 6 feet long 

Aluminum tubing and angle corresponding 
to the above sizes can possibly be bought from 
scrap dealers at reasonable prices, if not di-
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Fig. 14-50 — The boom for the 4-element beam is cross. 
braced at two points, about 6.1/¡ feet in from the ends. 

rectly from the manufacturer. If the sections of 
the elements do not fit snugly, insert shims or 
make some other provision for a tight fit, since 
the appearance of the beam will be spoiled by 
sagging elements. Some amateurs reinforce 
their beam elements with copper-clad steel wire 
supported a foot above the elements at the 
boom and tied to the extreme ends of the 
elements. 

As shown in Fig. 14-49A, two 134-inch alu-
minum angles 21 feet long serve as the main 
members of the boom. They are spaced one foot 
apart. The elements are spaced 7 feet apart. 
Wooden spacers of 2 X 2 are placed at the end 
of the boom and screwed on with brass screws. 
These spacers are also placed under each ele-
ment where it crosses the boom. These spacers 
may be unnecessary if the elements are bolted 
to the boom, but if the construction is as in 
Fig. 14-49B the spacers are recommended. 
The cross braces shown in Fig. 14-50 are put 

into position at the very last, after the beam 
is hung in position on the central pivot, since 
they offer a means for truing up minor sag in 
the elements. 
The central pivot consists of a structure 

made from 34-inch angle iron and -inch pipe, 
as shown in Fig. 14-49C. It has to be brazed. 
The crossbar rest is made separate from 
the boom and central pivot, and affords a 
means for tilting the beam when unbolted 
from these structures. The 3/2-inch pipe is 
drilled for the coaxial line that is fed through 
this pipe. The pinion gear on the Y2-inch pipe 
should be brazed on. 
A washing-machine gear train is well suited 

for this type of beam. Another possibility 
(used in this instance) is a discarded forge 
blower. It was fitted with a 3'2-inch pipe which 
serves as the central pivot. The gear train ends 
up in a " V "-pulley, and the beam is easily 
rotated by a system of ropes and pulleys that 
ends up in an automobile steering wheel at the 
operating position. A plumb bob attached to 
th,_ shaft of the steering wheel serves as a di-
rection indicator. A small cardboard scale 
mounted along the line of plumb-bob travel 
can be readily calibrated to show the direction 
of the beam. 
The supporting structure for this beam con-

sists of a 4 X 4 pole 30 feet long, with ten-foot 
extensions of 2 X 4 bolted to both sides of the 
bottom, making the total length about 36 feet. 

Two sets of guy wires should be used, approx-
imately 2 feet and 15 feet from the top. As an 
alternative, the pole can be set against the side 
of the house, and only the top set of guys used 
to provide additional support. 
With all-metal construction, delta, "gamma" 

or " T"-match are the only practical matching 
methods to use to the line, since anything else 
requires opening the driven element at the 
center, and this complicates the support prob-
lem fôr that element. 

A Wooden Boom for 14 Mc. 

Many amateurs prefer to build their beam 
booms from standard pieces of lumber, and 
the beam shown in Figs. 14-51 and 14-52 is 
an example of excellent design in wooden-boom 
construction. The boom members are two 20-
foot 2 X 4s fastened to the 4 X 12 X 24-inch 
center block with six lag screws. The two 
center screws serve as the axis for tilting — 
the other four lock the boom in position after 
final assembly and adjustment have been com-
pleted. The blocks midway from each end are 
2 X 4s spaced about six inches apart, with a 
long bolt between them. When this bolt is 
drawn tight, a very sturdy box brace is formed. 
The crossarms are 3 X 3s twelve feet long, 
bolted to the boom with carriage bolts. 

Fig. 14-51 — A wooden boom for a 4-element 14-Mc. 
boom can be made quite strong by judicious use of guy 
wires. This installation is made on a windmill tower, 
and the drive motor is mounted halfway down on the 
tower. (W6N1JB, Nov., 1947, QST.) 



358 CHAPTER 14 

Eyebolts for 
umbrella guys 

to 

2c4 
— blocks 

4'12°2 
, 

Drive- slot hole 

I  

Nails 

e 7"  

75-ohm i-wave 
section to driven 
element 

Spring-bronze 
wiping contacts 

Top view of 
slip rings 

12' 
5"Lag bolts 

11 dr ve 
2 shaft 

3.3s 
12 long 

e•—!,>elCarriqe 
2x4s bolts  

20' long 

eSleeve 

Insulators 

600-ohm open-
wire line 

Fig. 14-52 — Details of the wooden boom. its method of support and the 
construction of the slip rings. 

The umbrella guys should have turnbuckles 
in them, and the guys are fastened to the center 
support after the beam has been permanently 
locked in its horizontal position. With the turn-
buckles properly adjusted, there will be no sag 
in the boom and the elements will be neat. 
The elements are 1%- and 11A-inch diameter 

duralumin tubing, supported by l-inch 
stand-off insulators. Hose clamps are used to 
hold the elements on the insulators. Final 
adjustment of element lengths is possible 
through "hairpin" loops. The tower for the 
beam shown in Fig. 14-51 was a Sears-Roebuck 
windmill tower. The driving motor for the 
beam was located halfway down the tower, the 
torque being transmitted through a length of 
1Y2-inch drive shaft. A pipe flange is welded 
to the drive shaft and bolted to the center 
block. A cone bearing is obtained by turning 
both the flange and a sleeve of 2-inch pipe to 

match, as shown in Fig. 14-52. 
One method of snatching the 

line to the antenna is to use a 
quarter wavelength of 75-ohm 
Twin-Lead between the radiator 
and the slip-ring contacts, to 
match a 600-ohm line from the 
slip rings to the transmitter. 
A 600-ohm open-wire line is run 

to a point about halfway up on 
the tower, then up the side of the 
tower to the slip rings. The Slip 
rings are mounted on the top of 
the tower, directly under the cen-
ter block. A quarter-wavelength 
matching section of transmitting-
type 75-ohm Amphenol Twin-
Lead hangs in a loop between the 
driven element and the slip-ring 
contacts. 

"Plumber's-Delight" 
Construction 

The lightest beam to build is 
the so-called " plumber's delight" 
— an array constructed entirely of 
metal, with no insulating members 
between the elements and the sup-
porting structure. Suggested con-
structional details are shown in 
Figs. 14-53, 14-54, 14-55, 14-56 
and 14-57. 
The boom can be built of two 

lengths of 3-inch diameter 24ST 
durai tubing of 0.072-inch wall 
thickness, as shown in Fig. 14-53. 
The two sections are spliced to-
gether with a three-foot length of 
6 X 6 oak, turned down at each 
end to fit inside the tubing. The 
center of the block is left square 
to provide a flat surface to attach 
to the vertical rotating pipe. At 
each extremity of this boom is 
cut a hole the exact diameter of 
the parasitic elements. A two-foot 

length of 3%-inch pipe, complete with flange 
mounting plate, is bolted to the top surface of 
the oak block, and a single guy wire is run to 
each end of the boom. An egg insulator and a 
turnbuckle are placed in each guy. The turn-
buckles should be tightened until there is no 
sag in the boom when it is supported at the 
center, and then safety-wired. Finally the cen-
ter block should be given a good coat of paint 
or varnish. 
The elements can be made of three 12-foot 

lengt hs of durai tubing, the two outside lengths 
telescoping inside the center section. The ends 
of the center section should be slotted for a 
distance of about 4 inches with a hack saw, 
but it is advisable to do the slotting after the 
center sections have been assembled on the 
boom. The parasitic-element center sections 
are fastened to the boom with WI-inch bolts, 
as shown in Fig. 14-54, while the driven ele-
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Fig. 14-53 — The boom is made of two 10-foot lengths of durai tubing 
slipped over a 3-foot oak block and held in place with 2-inch wood 
screws, Guy wires from the center add strength to the boom structure. 

insulator 

Center oak block 

ment is secured in a cradle made of half sec-
tions of iron pipe welded together, as shown in 
Fig. 14-55. The cradle is bolted to the boom 
with three 54-inch bolts, and the driven ele-
ment is held fast with two bolts or with ad-
justable aircraft-tubing clamps. 
The feed line for the antenna can be any bal-

anced line, of from 200 to 600 ohms impedance, 
and it is most conveniently coupled through a 
"T"-match. This " T"-match assembly can be 
made from two 4-foot lengths of durai tubing 
joined together by a piece of broomstick, as 
shown in Fig. 14-57. The "T" is connected to 
the antenna by two clamps fashioned of 1-inch-
wide brass strip. 
A convenient method for supporting the boom 

atop the pipe used to rotate the beam is shown 
in Fig. 14-56. A "U"-channel into which the 
boom will fit is welded to the end of the pipe. 
Holes are drilled in the side of the channel cor-
responding to holes in the boom. The boom is 
hoisted up and positioned between the two flanges 
and a bolt run through the flanges and the boom. 
The boom can then be swung into a horizontal 
position and the second bolt put in place. 

Feeder Connections 

For beams that rotate only 180 degrees, it is 
relatively simple to bring off feeders by making 
a short section of the feeder, just where it leaves 
the rotating member, of flexible wire. Enough 
slack should be left so that there is no danger of 
breaking or twisting. Stops should be placed on 
the rotating shaft of the antenna so that it will 
be impossible for the feeders to " wind up." This 
method also can be used with beam antennas 
that rotate the full 360 degrees, but again a 
safety stop is necessary to avoid jamming the 
feeders. 

For continuous rotation, the sliding contact is 
simple and, when properly built, quite practica-
ble. The chief points to keep in mind are that 
the contact surfaces should be wide enough to 
take care of wobble in the rotating shaft, and 
that the contact surfaces should be kept clean. 
Spring contacts are essential, and an " umbrella" 
or other scheme for keeping rain off the contacts 
is a desirable addition. Sliding contacts prefer-
ably should be used with nonresonant open-wire 
lines where the characteristic impedance is of the 
order of 500 to 600 ohms, so that the line current is 
low. 
The possibility of poor connections in sliding 

contacts can be avoided by using inductive cou-
pling at the antenna, with one coil rotating on 

io' length 
In9 

the antenna and the other fixed in 
position, the two coils being ar-
ranged so that the coupling does 
not change when the antenna is 
rotated. A quarter-wave feeder 
system is connected to a tuned 
pick-up circuit whose inductance 
is coupled to a link. The link coil 
connects to a twisted-pair trans-
mission line, but any type of line 
sueh as flexible coaxial cable can 

be used. The circuit would be adjusted in 
the same way as any link-coupled circuit, 
and the number of turns in the link should 
be varied to give proper loading on the trans-
mitter. The rotating coupling circuit of course 
tunes to the transmitting frequency. The whole 
thing is equivalent to a link-coupled antenna 
tuner mounted on the pole, using a parallel-tuned 
tank at the end of a quarter-wave line to 
center-feed the antenna. To maintain constant 
coupling, the two coils should be quite rigid 
and the pole should rotate without wobble. 

j-28 bolt 
end-on view of boon, 

element 

Fig. 14-54 — The center element section is held in the 
boom with a %-28 machine screw, nut and lock washer. 
The guy wire attaches to the head of the bolt. 

The two coils might be made a part of the 
upper bearing assembly holding the rotating 
pole in position. 

Other variations of the inductive-coupled 
system can be worked out. The tuned circuit 
might, for instance, be placed at the end of a 
600-ohm line, and a one-turn link used to cou-
ple directly to the center of the antenna, if the 
construction of the rotary member permits. In 
this case the coupling can be varied by changing 
the L/8 ratio in the tuned circuit. For mechani-
cal strength the coupling coils preferably should 
be made of WI-inch copper tubing, well braced 
with insulating strips to keep them rigid. 

Rotation 

It is convenient to use a motor to rotate the 
beam, but it is not always necessary, especially 
if a rope-and-pulley arrangement can be brought 

r fo f,t ele,ne,it, 
1*--4 

90. 

wed KfitTh to,„ 
Fig. 14-55 — The clamp for the driven element is made 
by splitting 1-foot lengths of iron pipe and welding them 
as shown. 
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Fig. 14-56 — The mounting plate is made from a 
length of "U"-channel iron cut and drilled as shown. 
The boom is raised vertically until one set of bolt holes 
is in line and a bolt is slipped through. The boom is then 
swung into its horizontal position and the other bolt is 
put in place. 

into the operating room. If the pole can be 
mounted near a window in the operating room, 
hand rotation of the beam will work out quite 
well, as has been proven by many amateur 
installations. 

If the use of a rope and pulleys is impracti-
cable, motor drive is about the only alterna-
tive. There are several complete motor-driven 
rotators on the market, and they are easy to 
mount, convenient to use, and require little or 
no maintenance. However, to many the cost of 
such units puts them out of reach, and a home-
made unit must be considered. Generally 
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Fig. 14-5 7 — Details of the "T"-match assembly. 

speaking, lightweight units are better because 
they reduce the load on the mast or tower. 
The speed of rotation should not be too 

great — one or two r.p.m. is about right. This 
requires a considerable gear reduction from 
the usual 1750-r.p.m. speed of small induction 
motors; a large reduction is advantageous 
because the gear train will prevent the beam 
from turning in weather-vane fashion in a 
wind. The ordinary structure does not require 
a great deal of power for rotation at slow speed, 
and a %-hp. motor will be ample. Even small 
series motors of the sewing-machine type will 
develop enough power to turn a 28-Mc, beam 

at slow speed. If possible, a reversible motor 
should be used so that it will not be necessary 
to g‘o through nearly 360 degrees to bring the 
beam back to a direction only slightly differ-
ent, but in the opposite direction of rotation, 
to the direction to which it may be pointed at 
the moment. In cases where the pole is sta-
tionary and only the supporting framework 
rotates, it will be necessary to mount the motor 
and gear train in a housing on or near the top 
of the pole. If the pole rotates, the motor can 
be installed in a more accessible location. 

Parts from junked automobiles often provide 
gear trains and bearings for rotating the an-
tenna. Rear axles, in particular, can readily be 
adapted to the purpose. Driving motors and 
gear housings will stand the weather better if 
given a coat of aluminum paint followed by 
two coats of enamel and a coat of glyptal var-
nish. Even commercial units will last longer if 
treated with glyptal varnish. Be sure, of course, 
that the surfaces are clean and free from grease 
before painting them. Grease can be removed 
by brushing it with kerosene and then squirt-
ing the surface with a solid stream of water. 
The work can then be wiped dry with a rag. 

If hand rotation of the beam is used, or if the 
rotating motor drives the beam through a pul-
ley system, bronze cable or chain drive is pref-

erable to rope. However, if you must use 
rope, be sure to soak it overnight in pure 
linseed oil and then let it dry for several 
days before permanent installation. 
The power and control leads to the Totator 

should be run in electrical conduit or in lead 
covering, and the metal should be grounded. 
Often r.f. appearing in power leads can be 
reduced by suitable filtering, but running 
wires in conduit is generally easier and more 
satisfactory. Any r.f. in the wiring can some-
times be responsible for feed-back in a 

'phone transmitter. " Hash" from the motor is 
also reduced by shielding the wires, but it is often 
necessary to install a small filter at the motor to 
reduce this source of interference. Motor noise 
appearing in the receiver is a nuisance, since it is 
usual practice to determine the proper direction 
for the beam by rotating it while listening to the 
station it is desired to work and setting the 
antenna at the point that gives maximum sig-
nal strength. 
The outside electrical connections should be 

soldered, bound with rubber tape followed by 
regular friction tape, and then given a coat of 
glyptal varnish. 



CHAPTER 15 

About V.H.F. 

While it is possible to use the frequencies 
above 30 Mc. without knowing anything about 
wave propagation, the amateur who under-
stands something of the means by which his 
signals reach distant points will be able to do a 
better job of it. Because much of the pleasure 

and satisfaction to be derived from v.h.f. work 
lie in making the best possible use of propaga-
tion vagaries associated with natural phenom-
ena, a working knowledge of the basic princi-
ples of wave propagation is a most useful tool 
for the v.h.f. operator. 

Characteristics of the Bands Above 50 Mc. 
The assignments from 50 Mc. up are su-

perior to our lower bands in one outstanding 
respect: their ability to provide interference-
free communication consistently within a lim-
ited service area. Lower frequencies are more 
subject to varying conditions that impair their 
effectiveness for work over a radius of 100 miles 
or less at least part of the time, and the heavy 
occupancy they support creates a continuing 
interference problem. Our v.h.f. bands, on the 
other hand, are seldom crowded, and their 
characteristics for local work are more stable. 
Because of these attributes the 50- and 144-Mc. 
bands, particularly, enjoy considerable popu-
larity in areas where there are dense concen-
trations of population. 

In addition, it has been found that there are 
several media by which v.h.f. signals are prop-
agated beyond the local range, and operation 
on the v.h.f. bands has been taken up by 
many operators who must depend almost en-
tirely on " DX" for their contacts. The latter 
group, particularly, will benefit from a famil-
iarity with common propagation phenomena. 
The material to follow is intended to supple-
ment the more detailed information in Chapter 
Four, dealing with wave propagation as it affects 
the world above 50 Mc. 

50 to 54 Mc. 

This band is borderline territory between the 
frequencies regularly used for long-distance 
communication and those normally employed 
for local work. Thus just about every form of 
wave propagation to be found throughout the 
radio spectrum will appear, on occasion, in the 
50-Mc. region. This diversity has contributed 
greatly to the growing popularity of the 50-Mc. 
band in the amateur picture. 
During the peak years of the sunspot cy-

cle it is occasionally possible to work 50-Mc. 
DX of worldwide proportions, by reflection 
of signals from the F2 layer. Sporadic-E skip 
provides opportunities for work over distances 
from 400 to 2500 miles or so during the early 

summer months, regardless of the solar cy-
cle. Reflection from the aurora regions ac-
counts for communication over 100 to 600-mile 
paths during pronounced ionospheric disturb-
ances. The ever-changing weather pattern 
offers frequent opportunities for extension of 
the normal coverage to as much as 300 miles. 
This tropospheric condition develops most 
often during the warmer months, but may oc-
cur at any season. In the absence of any 
favorable propagation, the average well-
equipped 50- Mc. station should be able to work 
regularly over a radius of 75 to 100 miles or 
more, depending on local terrain. 

144 to 148 Mc. 

Ionospheric effects are greatly reduced at 
144 Mc. It is doubtful whether F2-layer re-
flection ever occurs at this frequency, and 
sporadic-E skip is a rare phenomenon. Aurora 
reflection is fairly common, but the signals so 
reflected are generally weaker than on 50 Mc. 
Tropospheric effects are much more pro-
nounced than on 50 Mc., and distances cov-
ered during favorable weather conditions are 
much greater than on lower bands. Air-mass 
boundary bending has been responsible for 
communication on 144 Mc. over distances in 
excess of 1100 miles, and 500-mile work is fairly 
common in the warmer months. The reliable 
working range under normal conditions is 
slightly less than on 50 Mc., when comparable 
equipment and antennas are used. 

220 Mc. and Higher 

Amateur experience on the higher bands is 
insufficient to provide a complete picture of 
what may be expected in the way of unusual 
propagation. There is reason to believe that 
tropospheric bending and duct effects become 
more prevalent as we go higher in frequency 
and that much interesting work lies in store for 
us when we move to the frequencies above 200 
Mc. in larger numbers and with improved 
equipment. 
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Propagation Phenomena 
The various known means by which v.h.f. 

signals may be propagated over unusual dis-
tances are discussed below. 

F2-Layer Reflection 

The " normal" contacts made on 28 Mc. and 
lower frequencies are the result of reflection of 
the transmitted wave by the F2 layer, the 
ionization density of which varies with solar 
activity, the highest frequencies being reflected 
at the peak of the 11-year solar cycle. The 
maximum usable frequency (m.u.f.) for F2 
reflection also rises and falls with other well-
defined cycles, including daily, monthly, and 
seasonal variations, all related to conditions on 
the sun and its position with respect to the 
earth. 
At the low point of the 11-year cycle, such 

as the period we encountered in the early '50s, 
the m.u.f. may reach 28 Mc. only during a 
short period each spring and fall, whereas 
it may go to 60 Mc. or higher at the peak 
of the cycle. The fall of 1946 saw the first 
authentic instances of long-distance work on 50 
Mc. by F2-layer reflection, and as late as 1950 
contacts were still being made in the more 
favorable areas of the world by this medium. 
In the northern latitudes there are peaks of 
m.u.f. each spring and fall, with a low period 
during the summer and a slight dropping-off 
during the midwinter months. At or near the 
Equator conditions are more or less constant 
at all seasons. 

Fortunately the F2 m.u.f. is quite readily 
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determined by observation, and means are 
available whereby it may be estimated quite 
accurately for any path at any time. It is pre-
dictable for months in advance,' enabling the 
v.h.f. worker to arrange test schedules with 
distant stations at propitious times. As there 
are numerous signals, both harmonics and 
fundamental transmissions, on the air in the 
range between 28 and 50 Mc., it is possible for 
an observer to determine the approximate 
m.u.f. by careful listening in this range. A 
series of daily observations will serve to show 
if the m.u.f. is rising or falling from day to day, 
and once the peak for a given month is de-
termined it can be assumed that the peak for 
the following month will occur about 27 days 
later, this cycle coinciding with the turning of 
the sun on its axis. The working range, via F2 
skip, is roughly comparable to that on 28 Mc., 
though the minimum distance is somewhat longer. 
Two-way work on 50 Mc. by reflection from the 
F2 layer has been accomplished over distances 
ranging from 2200 to 10,500 miles. The maxi-
mum frequency for F2 reflection is believed to be 
in the vicinity of 70 Mc. F2 DX on 50 Mc. is 
unlikely again before 1956. 

Sporadic-E Skip 

Patchy concentrations of ionization in the 
E-layer region are often responsible for re-

I Basic Radio Propagation Predictions, issued monthly, 
three months in advance, by the Central Radio Propagation 
Laboratory of the National Bureau of Standards. Order 
from the Supt. of Documenta, Washington 25, D. C.; $1.00 
per year. 
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Fig. 15-1— The principal means by which v.h.f. signals may be returned to earth. The F2 layer, highest of the 
known reflecting regions of the ionosphere, is capable of reflecting 50-Mc, signals during the peak period of the 11-
year solar cycle. Such communication may be world-wide in scope. Sporadic ionization of the E layer produces the 
familiar "short skip" contacts over medium distances at 28 and 50 Mc. On these bands it is a fairly frequent oc-
currence regardless of the solar cycle. It is most common in May through August. Refraction of v.h.f. waves also 
takes place at air-mass boundaries in the lower atmosphere, making possible communication over distances of several 
hundred miles, usually without a skip zone, on all v.h.f. bands. 
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flection of signals on 28 and 50 Mc. This is the 
popular " short skip" that provides fine con-
tacts on both bands in the range between 400 
and 1300 miles. It is most common in May, 
June and July, during morning and early evening 
hours, but it may occur at any time or suason. 
Since it is largely unpredictable, at our present 
state of knowledge, sporadic-E skip is of high 
"surprise value." Multiple-hop effects may ap-
pear, when ionization develops simultaneously 
over large areas, making possible work over dis-
tances of more than 2500 miles. 
The upper limit of frequency fer sporadic-E 

skip is not positively known, but scattered 
instances of 144-Mc, propagation over dis-
tances in excess of 1000 miles indicate that 
E-layer reflection, possibly aided by tropo-
spheric effects, may be responsible. 

Aurora Effect 
Low-frequency communication is occasion-

ally wiped out by absorption of these frequen-
cies in the ionosphere, when ionospheric 
storms, associated with variations in the 
earth's magnetic field, occur. During such dis-
turbances, however, v.h.f. signals may be 
reflected back to earth, making communication 
possible over distances not normally workable 
in the v.h.f. range. Magnetic storms may be 
accompanied by an aurora-borealis display, if 
the disturbance occurs at night and visibility is 
good. When the aurora is confined to the north-
ern sky, aiming a directional array at the 
auroral curtain will bring in signals strongest, 
regardless of the true direction to the trans-
mitting station. When the display is wide-
spread there may be only a slight improve-
ment noted when the directional array is aimed 
north. The latter condition is often noticed 
during the period around the peak of the 
11-year cycle, when solar activity is spread 
well over the sun's surface, instead of being 
concentrated in the region near the solar 
equator. 

Aurora-reflected signals are characterized by 
a rapid flutter, which lends a " dribbling" 
sound to 28-Me, carriers and may render 
modulation on 50- and 144-Mc, signals com-
pletely unreadable. The only satisfactory 
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means of communication then becomes straigiit 
c.w. The effect may be noticeable on signals 
from any distance other than purely local, 
and stations up to about 800 miles in any 
direction may be worked at the peak of the 
disturbance. Unlike the two methods of prop-
agation previously described, aurora effect 
exhibits no skip zone. It is observed fre-
quently on 50 Me., and pronounced disturb-
ances affect the 144-Mc. band similarly. The 
highest frequency for aurora reflection is not 
yet known. 

Scatter 
When long-distance communication is possible 

on 50 Mc., stations within the skip zone may be 
heard with a wavery quality indicative of multi-
path reception. Such signals have traversed a 
normal ionospheric path, via either the F2 or E 
layer, and a small amount of energy has returned 
to the receiver by reflection from a distant point 
on the earth's surface. The process is similar to 
that of a radar echo, except that an ionospheric 
route is followed. 
The effect is most marked with high-gain di-

rectional arrays and high transmitter power. The 
direction from which scatter signals are observed 
indicates the region of most intense ionization, 
and adaptations of radar methods make it pos-
sible to "sound" the ionosphere to determine 
what distances and directions may be covered on 
a given frequency. 

Reflections from Meteor Trails 

Probably the least-known means of v.h.f. 
wave propagation is that resulting from the 
passage of meteors across the signal path. Re-
flections from the ionized meteor trails may be 
noted as a Doppler-effect whistle on the car-
rier of a signal already being received, or they 
may cause bursts of reception from stations 
not normally receivable. Sudden large in-
creases in strength of normally-weak signals 
are another manifestation of this effect. Ordi-
narily such reflections are of little value in 
extending communication ranges, since the in-
creases in signal strength are of short duration, 
but meteor showers of considerable magnitude 
and duration may provide fluttery v.h.f. 
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Fig. 15-2 — Illustrating a typical weather sequence, with associated variations in v.h.f. propagation. At the right 
is a cold air mass (fair weather, high or rising barometer, moderate summer temperatures). Approaching this from 
the left is a warm moist air mass, which overruns the cold air at the point of contact, creating a temperature inver-
sion and considerable bending of v.h.f. waves. At the left, in the storm area, the inversion is dissipated and signals 
are weak and subject to fading. Barometer is low or falling at this point. 
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signals from distances up to 1000 miles or 
more. Signals so reflected have a combination 
of the characteristics of aurora and sporadic-E 
skip. 

Tropospheric Bending' 

Refraction of radio waves takes place when-
ever a change in refractive index is encoun-
tered. This may occur at one of the ionized 
layers of the ionosphere, as mentioned above, 
or it may exist at the boundary area between 
two different types of air masses, in the region 
close to the earth's surface. A warm, moist air 
mass from over the Gulf of Mexico, for in-
stance, may overrun a cold, dry air mass which 
may have had its origin in northern Canada. 
Each tends to retain its original characteristics 
for considerable periods of time, and there may 
be a well-defined boundary between the two 
for as much as several days. When such air-
mass boundaries exist along the path be-
tween two v.h.f. stations separated by 50 to 
300 miles or more, a considerable degree of 
refraction takes place, and signals run high 
above the average value. Under ideal condi-
tions there may be almost no attenuation, and 
signals from far beyond the visual horizon 
will come through with strength comparable 
to that of local stations. 
Many factors other than air-mass movement 

of a continental character may provide in-
creased v.h.f. operating range. The convection 
that takes place along our coastal areas in 
warm weather is a good example. The rapid 
cooling of the earth after a hot day in summer, 
with the air aloft cooling more slowly, is 
another, producing a rise in signal strength in 
the period around sundown. The early-morning 
hours, when the sun heats the air aloft, before 
the temperature of the earth's surface begins 
its daily rise, may frequently be the best hours 
of the day for extended v.h.f. range, particu-
larly in clear, calm weather, when the barome-
ter is high and the humidity low. 
Any weather condition that produces a 

pronounced boundary between air masses of 
different temperature and humidity character-
istics provides the medium by which v.h.f. 
signals cover abnormal distances. The ambi-
tious v.h.f. enthusiast soon learns to correlate 
various weather manifestations with radio-
propagation phenomena. By watching tem-
perature, barometric pressure, changing cloud 
formations, wind direction, visibility, and 
other easily-observed weather signs, he is able 
to tell with a reasonable degree of accuracy 
what is in prospect on the v.h.f. bands. 
The responsiveness of radio waves to vary-

ing weather conditions increases with fre-
quency. Our 50-Mc, band is considerably more 
sensitive to weather variations than is the 
28-Mc, band, and the 144-Mc, band may show 
strong signals from far beyond visual distances 
when the lower frequencies are relatively in-
activq. The maximum distance over which 

tropospheric propagation is frequently ob-
served on 50 Mc. is in the neighborhood of 300 
miles. On 144 Mc. distances of 500 miles are 
not uncommon. It is probable that this tend-
ency continues on up through the microwave 
range, and that our assignments in the u.h.f. 
and s.h.f. portions of the frequency spectrum 
may someday support communication over 
distances far in excess of the optical range. 
Already 144-Mc, tropospheric communication 
by amateurs has passed the 1100-mile mark, 
and even greater distances are believed possi-
ble on this and higher frequencies. 

• STATION LOCATIONS 
In line with our early notions of v.h.f. wave 

propagation, it was once thought that only 
highly-elevated v.h.f. stations had any chance 
of working beyond a few miles. Almost all the 
work was done by portable stations operating 
from mountain tops, and only hilltop home 
sites were considered suitable for fixed-station 
work. It is still true that the fortunate amateur 
who lives at the top of a hill enjoys a certain 
advantage over his fellows on the v.h.f. bands, 
but high elevation is not the all-important 
factor it was once thought to be. 
Improvements in equipment, the wide use of 

high-gain antenna systems, and an awareness 
of the opportunities afforded by weather phe-
nomena have enabled countless v.h.f. workers 
to achieve excellent results from seemingly 
poor locations. In 50-Mc. DX work particu-
larly, elevation has ceased to be an important 
factor, though it may help in extending the 
range of operation somewhat under normal 
conditions. A high elevation is somewhat more 
helpful on 144 Mc. and higher frequencies, 
particularly when no unusual propagation fac-
tors are present, as during the winter months. 
Other factors, such as close proximity to large 
bodies of water, may more than compensate for 
lack of elevation during the other seasons of 
the year, however. 

Stations situated in sea-level locations along 
our coasts have been consistent in their ability 
to work long distances on 144 Mc.; weather 
variations provide interesting propagation ef-
fects over our Middle Western plain areas; and 
even the worker situated in mountainous coun-
try need not necessarily feel that he is pre-
vented by the nature of his horizon from doing 
interesting work. Contacts have been made 
on 50 and 144 Mc. over distances in excess of 
100 miles in all kinds of terrain. 
The consistently-reliable nature of 50 and 

144 Mc. for work over such a radius and more, 
regardless of weather, time or season, and the 
occasional opportunities these frequencies af-
ford for exciting DX, have caused an increas-
ing number of amateurs to migrate to the 
v.h.f. bands for extended-local communication, 
once thought possible only on the lower fre-
quencies. 
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V.H.F. Receivers 

Even more than in work on lower frequen-
cies, receiver performance is all-important in 
the v.h.f. station. High sensitivity and good 
signal-to-noise ratio, necessary attributes in a 
receiving system for 50 Mc. and higher bands, 
are best attained through the use of a con-
verter, working in conjunction with a com-
munications receiver designed for lower fre-
quencies. Though receivers and converters for 
50, 144, and even 220 Mc. are available on the 
amateur market, it is possible for the v.h.f. 
worker to build his own with fully as good re-
sults, and at a considerable saving in cost. 

In its basic principles, modern receiving 
equipment for these bands differs little from 
that employed on lower frequencies, and the 
same order of selectivity may be used in ama-
teur work up to at least 220 Mc. The greatest 
practical selectivity should be used in v.h.f. 
work, as well as on the frequencies below 
30 Mc., as it not only permits more 
stations to operate in a given band, but 
is an important factor in improving the 
signal-to-noise ratio. The effective sen-
sitivity of a receiver having "commu-
nication" selectivity can be made con-
siderably better than is possible with 
broadband systems. First on 56 Mc., 
more than a decade ago, then more re-
cently on 144 Mc., and currently on 
220 and 420 Mc., the change to selec-
tive superheterodyne receivers marked 
the beginning of real extensions of the 
operating range. 
The superregenerative receiver, once 

very popular for v.h.f. work, is now used 
principally for portable operation, or for 
other applications where maximum sensi-
tivity and selectivity are not of prime 
importance. It is still capable of surprising 
performance, for a given number of tubes 
and components, but its lack of selectivity, 
its poor signal-to-noise ratio, and its tend-
ency to radiate a strong interfering signal rule'out 
the superregenerator as a fixed-station receiver in 
areas where there is appreciable v.h.f. activity. 

• R.F. AMPLIFIER DESIGN 
The amount of noise generated within the 

receiver itself is an important factor in the 
effectiveness of v.h.f. receiving gear. At lower 
frequencies the external noise is a limiting 
factor, but at 50 Me. and higher the receiver 
noise figure, gain and selectivity determine the 

Ant. 

ability of the system to respond to weak sig-
nals. Proper selection of r.f. amplifier tubes 
and appropriate circuit design aimed at low 
noise figure are of more importance in the 
v.h.f. receiver " front end" than mere gain. 

Certain triode or triode-connected pentode 
tubes have been found superior in this respect, 
their superiority becoming more pronounced 
as we go higher in frequency. At 144 Me., for 
instance, a triode r.f. stage may give sub-
stantially the same gain as a pentode, but 
with a much lower noise figure. With the ex-
ception of the simplest unit, the equipment 
described in the following pages incorporates 
low-noise r.f. amplifier technique. 
When triodes are used as r.f. amplifiers some 

form of neutralization of the grid-plate capac-
itance is required. This can be capacitive, as is 
commonly used in transmitting applications, 
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Fig. 16-1— Schematic diagram of a push-pull r.f. amplifier for 
v.h.f. receiver use. This circuit is well suited to use with antenna 
systems fed by balanced lines. Coil and condenser sizes will be 
governed by the band for which the amplifier is to be used. 

CI — 0.005-pfd. dise ceramic. 
CN — Neutralizing capacitance, about 2 epfd. May be made 

from lengths of 75-ohm Twin-Lead about 1.3, inches 
long. 

Ri— 150 ohms, 3/2-watt carbon. 
112 — 1000 ohms, ?-watt carbon. 

or inductive. The alternative to neutralization 
is the use of grounded-grid technique. Circuits 
for v.h.f. triode r.f. amplifier stages are given in 
Figs. 16-1 through 16-4. 
A dual triode operated as a neutralized 

push-pull amplifier is shown at 16-1. This ar-
rangement is well adapted to v.h.f. preampli-
fier applications, or as the first stage in a 
converter, particularly when a balanced trans-
mission line such as the popular 300-ohm 
Twin-Lead is used. It is relatively selective 
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Fig. 16.2 — Circuit of the cascode r.f. amplifier. Preferred 
antenna coupling methods for coaxial or balanced lines are 
shown. The first r.f. grid coil, and the neutralizing coil, L,„ 
should be a high-Q design. Other coils are not critical as to Q. 

Ci, Cs, C4, Cy — 0.005-mfd. disc ceramic. 
Cs — 50-pgfd. ceramic. 
RI, R2 — 100 ohms, 34watt carbon. 
R3, R4 — 1000 ohms, 3.,S-uatt carbon. 
Li, — Should resonate at signal frequency with 6AK5 grid. 

plate capacitance. 

and may require resistive loading of the plate 
circuit, when used as a preamplifier. The load-
ing effect of te following circuit may be suffi-
cient to give the required bandwidth, when the 
push-pull stage is inductively coupled to the 
mixer. 
A two-stage triode amplifier having excellent 

noise figure and broadband characteristics is 
shown in Fig. 16-2. Commonly called the cas-
code, it uses a triode or triode-connected pen-
tode followed by a triode grounded-grid stage. 
This circuit is extremely stable and uncritical 
in adjustment. At 50 Mc. and higher its over-all 
gain is at least equal to the best single-stage 
pentode amplifier and its noise figure is far 
lower. 

Neutralization is accomplished by the coil 
L., whose value is such that 
it resonates at the signal fre-
quency with the grid-plate 
capacitance of the tube. Its 
inductance is not critical; it 
may be omitted from the cir-
cuit without the stage going 
into escillation, but neutrali-
zation results in a lower noise 
figure than is possible with-
out it. Any of several v.h.f. 
tubes may be used in the 
cascode circuit, the most pop-
ular arrangement being the 
6AK5-6J6 combination, 
Fig. 16-2. 
A simplified version of the 

cascode, using a dual triode 
tube designed especially for 
this application, is shown in 
Fig. 16-3. By reducing stray 
capacitance, through direct 
coupling between the two 
triode sections, this circuit 

R FC 

—250v 

CHAPTER 16 

makes for impro‘ tom-Lowe at the fre-
quencies above 100 Mc. The two sections of 
the tube are in series, as far as plate voltage 
is concerned, so it requires higher voltage 
than the other circuits shown. 
The neutralization process for the cascode 

and neutralized-triode amplifiers is some-
what similar. With the circuit operating nor-
mally the neutralizing adjustments (capaci-
tance of C,, in Figs. 16-1 or 16-3; setting the 
slug in L. in Fig. 16-2) can be changed until 
the stage stops oscillating. The middle of the 
range over which no oscillation occurs is ap-
proximately the proper setting. Finer adjust-
ment can be made by disconnecting one 
heater lead from the r.f. amplifier tube 
socket and adjusting the neutralizing for 
minimum signal. A burned-out r.f. tube or 
one with one heater prong cut off may be 
inserted in the r.f. socket, instead of cutting 
the heater voltage, if desired. The best re-
sults are obtained using a noise generator, 
adjusting for lowest noise figure, but the two 
methods described above will provide a sat-
isfactory approximation. 

Grounded-grid r.f. amplifier technique is il-
lustrated in Fig. 16-4. Here the input circuit is 
connected in the cathode lead, with the grid of 
the tube grounded, to act as a shield between 
cathode and plate. The grounded-grid circuit is 
stable and easily adjusted, and is well adapted to 
broadband applications. The gain per stage is 
low, so that two or more stages are ordinarily 
required. Choice of tubes is fairly limited, the 
best for the job being the 6J4, a triode especially 
designed for grounded-grid service. The 6AB4 
and 6AF4 are suitable, and the 6J6 is used occa-
sionally, as in Fig. 16-2. Disc-seal tubes such as 
the " lighthouse" and " pencil tube" types are 
often used as r.f. amplifiers above 300 Mc., where 
ordinary miniature tubes become ineffective 
because of excessive lead inductance. 
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Fig. 16-3— Simplified version of the cascode circuit using the 6BQ7 dual 
triode. This circuit is particularly effective at 144 Mc. and higher. 

Ci, Cs, Cs, C4 — 0.001.µfd. or larger R, Ri — 100 ohms, !S watt. 
disk ceramic. 132 — 470,000 ohms, !,¡ watt. 

Cy — 2-ioifd. ceramic. C. — 0.5 to 3 boifd. 
RFC — Bifilar-wound r.f. chokes to be resonant with plate-to-ground capaci-
tance of the first triode, at the highest frequency to he received. 
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Fig. 164 — Grounded-grid r.f. amplifier. Position of cathode taps on coils 
should be adjusted for lowest noise figure. 
CI, C2, C3, Cs, C6 — 0.005-pfd. disc ceramic. 
C4 — 50-aapfd. ceramic. 
RI, 113 — 220 ohms, j¡'-watt carbon. 
112, 114 — 470 ohms, 3/2-watt carbon. 

• MIXER CIRCUITS 
Triode tubes are favored for v.h.f. applica-

tions, as they are less critical as to operating 
conditions and the highest frequency at which 
they will operate satisfactorily is well above 
that of most pentodes. When used in mixer 
circuits triodes are usually quieter in operation 
as well. 
A simple triode mixer circuit is shown in 

Fig. 16-5A. The grid circuit is tuned to the 
signal frequency, the plate circuit to the inter-
mediate frequency. A dual-triode version is 
given at B. The latter is particularly suitable 
for use at the higher frequencies. Frequently a 
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Fig. 16-5 — Two types of triode mixers suitable for 
v.h.f. receivers. A single-ended triode circuit is shown at 
A. 'I'he tube may be half of a dual triode, with the other 
portion used as the oscillator, or separate tubes may be 
used. The dual-triode version, B, is particularly useful 
for 144 Mc. and higher bands. 
Ci — 50-paafd. ceramic or mica. 
Cs, Cs — 30- to 50-aaatfd. ceramic or mica. 
C3, C4, C6 0.005-aafd. disc ceramic. 
RI — 1 megohm, j¡ watt. 
R2, R4 — 1000 ohms, ,1/2 watt. 
Ra— 150 ohm, 34 watt. 
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dual triode is used as a combina-
tion mixer-oscillator, using the 
circuits of Figs. 16-5A and 16-
6A. The amount of oscillator 
injection is usually not critical, 
but in the interest of stability it 
should be kept as low as practi-
cal. In dual triodes having sepa-
rate cathodes (7F8, 12AT7, 
2C51, etc.) some external cou-
pling may be required, but the 
common cathode of the 6J6 will 
provide sufficient injection in 
most cases. If the injection is 
more than necessary it can be 
reduced by dropping the oscilla-
tor plate voltage, either directly 
or by increasing the value of 
the dropping resistor, Ri. 

A pentode mixer may be less subject to 
oscillator pulling than a triode, and it will 
probably require less injection voltage. If a 
pentode mixer is used, its plate current should 
be held to the lowest usable value, to reduce 
tube noise. This may be controlled by varying 
the mixer screen voltage. The principal use of 
pentode mixers in v.h.f. work is in the interest 
of simplicity of circuit layout, as in multiband 
converters employing bandswitching. 

Occasionally oscillation near the signal fre-
quency may be encountered in v.h.f. mixers. 
This usually results from stray lead inductance 
in the mixer plate circuit, and is most common 
with triode mixers. It may be corrected by con-
necting a small capacitance from plate to cathode, 
directly at the tube socket. Ten to 25 ipfd. will be 
sufficient, depending on the signal frequency. 

• OSCILLATOR STABILITY 
When a high-selectivity i.f. system is em-

ployed in v.h.f. reception, the stability of the 
oscillator is extremely important. Slight varia-
tions in oscillator frequency that would not be 
noticed when a broadband i.f. amplifier is used 
become intolerable when the passband is re-
duced to crystal-filter proportions. 
One satisfactory solution to this problem is 

the use of a crystal-controlled oscillator, with 
frequency multipliers if needed, to supply the 
injection voltage. Such a converter usually 
employs one or more broadband r.f. amplifier 
stages, and tuning is done by varying the 
intermediate frequency to cover the desired 
frequency range. 
When a tunable oscillator and a fixed inter-

mediate frequency are used, special attention 
must be paid to the oscillator design, to be sure 
that it is mechanically and electrically stable. 
The tuning condenser should be solidly built; 
preferably of the double-bearing type. Split-
stator condensers specifically designed for 
v.h.f. service, usually having ball-bearing end 
plates and special construction to insure short 
leads, are well worth their extra cost. Leads 
should be made with stiff wire, to reduce vibra-
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tion effects. Mechanical stability of air-wound 
coils can be improved by tying the turns to-
gether with narrow strips of household cement 
at several points. 
Recommended oscillator circuits for v.h.f. 

work are shown in Fig. 16-6. The single-ended 
oscillator may be used for 50 or 144 Mc. with 
good results. The push-pull version is recom-
mended for higher frequencies and may also be 
used on the two lower bands, as well. Circuit 
A works well with almost any small triode, the 
6AB4, or one half of a 6.16, 7F8, or 12AT7 being 
most commonly used. The 6J6 is well suited to 
push-pull applications, as shown in circuit 16-6B. 

6J6 

• 63V. 
-100V. 

(A) 

6.3V. +100V. 6.3 V. 
-100 V. 

(B) 

+100V. 

RFC 

RFC 

Fig. 16-6 — Recommended circuits for v.h.f. oscillators. 
The push-pull arrangement at B is recommended for 
220 and 420 Mc., particularly. 
Ci — 50 mad. 
RI — Any small carbon resistor, 1000 ohms or less. 
112 — 10,000 ohms, 32 watt. 
113— 3000 to 5000 ohms, Y2 watt. 

• THE I.F. AMPLIFIER 
Superheterodyne receivers for 50 Mc. and 

up should have fairly high intermediate fre-
quencies, to reduce both oscillator pulling and 
image response..Approximately 10 per cent of 
the signal frequency is commonly used, with 
10.7 Mc. being set up as the standard i.f. for 
commercially-built FM receivers. This par-
ticular frequency has a disadvantage for 
50-Mc. work, in that it makes the receiver 
subject to image response from 28-Me. signals, 
if the oscillator is on the low side of the signal 
frequency. A spot around 7 Mc. is favored for 
amateur converter service, as practically all 
communications receivers are capable of tun-
ing this range. 

For selectivity with a reasonable number of 
i.f. stages, double conversion is usually em-
ployed in complete receivers for the v.h.f. 
range. A 7-Mc, intermediate frequency, for 
instance, is changed to 455 kc., by the addition 
of a second mixer-oscillator. This procedure is, 
of course, inherent in the use of a v.h.f. con-
verter ahead of a communications receiver. 

If the receiver so used is lacking in sensitiv-
ity, the over-all gain of the converter-receiver 
combination may be inadequate. This can be 
corrected by building an i.f. amplifier stage 
into the converter itself. Such a stage is useful 
even when the gain of the system is adequate 
without it, as the gain control can be used to 
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permit operation of the converter with receiv-
ers of widely-different performance. If the re-
ceiver has an S-meter, its adjustment may be 
left in the position used for lower frequencies, 
and the converter gain set so as to make the 
meter read normally on v.h.f. signals. 
Where reception of wide-band FM or unstable 

signals of modulated oscillators is desired, a con-
verter may be used ahead of an FM broadcast 
receiver. A superregenerative detector operating 
at the intermediate frequency, with or without 
additional i.f, amplifier stages, also may serve as 
an i.f. and detector system for reception of wide-
band signals. By using a high i.f. ( 10 to 30 Mc. or 
so) and by resistive loading of the i.f. transform-
ers, almost any desired degree of bandwidth 
can be secured, providing good voice quality on 
all but the most unstable signals. Any of these 
methods may be used for reception in the micro-
wave region, where stabilized transmission is ex-
tremely difficult at the current state of the art. 

• THE SUPERREGENERATIVE 
RECEIVER 

The simplest type of v.h.f. receiver is the 
superregenerator. It affords fair sensitivity with 
few tubes and elementary circuits, but its weak-
nesses, listed earlier, have relegated it to applica-
tions where small size and low power consumption 
are important considerations. 

Fig. 16-7 — Super-
regenerative detec-
tor circuit using a 
self-quenched detec-
tor. L2Ci times to 
the signal frequency. 
Typical values for 
other components 
are given below. 

C2-47 ggfd. 
C3— 0.001 to 0.005 5M. 
— 2 to 10 megohms. 

112— 50,000-ohm potentiometer. 
— 47,000 ohms, 1 watt. 

RFC — Single-layer r.f. choke, for frequency involved. 
Ti — Interstage audio transformer. 

Its sensitivity results from the use of an alter-
nating quenching voltage, usually in the range 
between 20 and 200 kc., to interrupt the normal 
oscillation of a regenerative detector. The re-
generation can thus be increased far beyond the 
amount usable in a straight regenerative circuit. 
The detector itself can be made to furnish the 
quenching voltage, or a separate oscillator tube 
can be used. Regeneration is usually controlled 
by varying the plate voltage in triode detectors, 
or the screen voltage in the case of pentodes. A 
typical circuit is shown in Fig. 16-7. 
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Crystal-Controlled Converters for 2, 6 and 10 Meters 

The family of converters shown in Figs. 16-8 
through 16-15 was designed to provide opti-
mum performance on 28, 50 and 144 Mc. Crys-
tal-controlled oscillators are used, to insure 
stability, and the triode r.f. sections provide 
excellent sensitivity and low noise figure. A 
separate " front end" for each band is plugged 
into a base unit containing the power supply, 
i.f. amplifier stage, and other parts that are 
not changed in shifting from one band to 
another. 

The R. F. Circuits 

The cascode circuit is used in the r.f. ampli-
fiers of the converters for 28 and 50 Mc. A 
triode-connected 6AK5 with inductive neu-
tralization works into a 6J6 grounded-grid 
amplifier. Circuits for the two units are simi-
lar, only the components affecting frequency 
being different. The functions of crystal-con-
trolled oscillator and mixer are combined in a 
6J6. The mixer plate coil is included in the 
plug-in unit. The schematic diagram is given 
in Fig. 16-9. 
The 144-Mc. converter, Figs. 16-11 and 

16-12, uses push-pull circuits, with a neutral-
ized 6J6 r.f. amplifier and another 6J6 as a 
push-push mixer. Oscillator injection is pro-
vided by another 6J6 as crystal oscillator and 
multiplier. If a coaxial-line fed antenna system 
is used on 144 Mc. the builder may wish to use 
the cascode circuit on this band as well. There 
is little to choose from between the two cir-
cuits, except that the push-pull arrangement is 
better adapted to use with balanced line. 
An improved version for 220 and 144 Mc., us-

ing a 6BQ7 dual triode, a type of tube not availa-
ble when the first models were designed, is shown 
in Figs. 16-16, 16-17 and 16-18. 
When a fixed oscillator and variable i.f. are 

used, the r.f. and i.f. circuits in the converter 
must be made broadband, to avoid the need 
for readjusting them as the receiver with which 

• 

Fig. 16-8 — Crystal-
ciintrolled COIls enters 
for 28,50 and 144 Mc. 
At the left the 50-Mc. 
unit is seen mounted 
on the base. The lat-
ter includes an id. 
amplifier and power 
supply. The 28-Mc. 
converter (center) is 
similar mechanically 
and electrically to the 
50-Mc. one. At the 
right is the 144-Mc. 
plug-in unit. 

• 

the converter is used is tuned across the band. 
This broadbanding is accomplished in the con-
verters for 28 and 50 Mc, by using slug-tuned 
plate coils in the first r.f. and mixer plate cir-
cuits. These are resonated by the circuit ca-
pacitance only, and are relatively low-Q de-
sign. Coupling between the second r.f. and 
mixer stages employs overcoupled tuned cir-
cuits. These serve the additional purpose of 
providing a bandpass response, preventing 
interference from signals in the i.f. range. The 
144-Mc, converter uses closely-coupled circuits 
between the r.f, and mixer stages for the same 

TABLE 16-I 

Crystal-Controlled Converter Data 

Rand Crystal Overtone Injection 
(Mc.) (kc.) (Mc.) (Mc.) 

28 7000 3rd 21 7-8.7 
50 8600 5th 43 7-11 
144 6850 5th X 4 137 7-11 
144 7611 3rd X 6 137 7-11 
220 7100 3rd X 10 213 7-12 

purposes. The mixer plate coil is loaded by 
resistor R4 for further broadening of the 
over-all response. 

Crystal Oscillator Details 

Crystal frequencies were selected so that the 
four bands would start at the same spot on the 
conununications receiver dial, and so that the 
crystals would be readily obtainable. Relatively 
low-cost crystals are used in a regenerative 
triode oscillator circuit, working at an odd 
overtone of the crystal frequency. In the 28-
Mc. unit a 7000-kc. crystal oscillates on its 
third overtone. Fifth-overtone operation of an 
8600-kc. crystal furnishes the injection voltage 
in the 50-Mc. converter. A 6850-kc. crystal 
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Fig. 16.9 — Schematic diagram of the crystal-controlled converters for 
28 and 50 Mc. Unless otherwise indicated, piing are the same for both units. 

Ci — 15-mmfd. variable (Millen 20015). 28 Mc.: CTC LSM 10-Mc. coil with 4 turns re. 
C2, Ca, C7, C12, Cu — 0.005-ad. disc ceramic, moved, slug-tuned. 
C4. Cs, CIO — 50-pmfd. ceramic. La, L8 — 50 Mr.: 8 turns No. 18 tinned, 5/8-inch diam., 
Ca — 500-µmfd. ceramic. 1 inch long (B & W Miniductor 3006), J/t inch 
Cs, CO — 5-20-pmfd. ceramic trimmer. space between cold ends. 28 Mc.: 9 turns No. 24 
Cii — 50 Mc.: 50-mufd. air trimmer (Millen 26050). tinned, Y¡-inch diem., 9/32 inch long (B & Vi 

28 Mc.: 75-upfd. air trimmer (Millen 26075). Miniductor 3004), 3/16 inch space between 
RI, R2 — 100 ohms, Y2 watt, cold ends. 
R3, 114, Re, Ra — 1000 ohms, Y2' watt. L7 — 50 Mc.: 10 turns No. 20 tinned, tapped 33% turns 
Ra — 0.68 megohm, ,1,4 watt, from crystal end (B & AA Miniductor 3003), 
R7 — 3300 ohms, 1 watt. 3'2-inch diem., N inch long. 28 M c.: 10 turns 
Li — 4 turns No. 28 e. between turns of L2 at cold end. No. 20 tinned, N•inch diam., N inch long, 
La - 50 Mc.: 10 turns No. 20 tinned, l,4-inch diem., tapped 33% turns from crystal end (B & AA' 

% inch long (B & W Miniductor 3003). 28 Mc.: Miniductor 3007). 
14 turns No. 20 tinned, 3%-inch diam., 7/8- inch Ls— CTC LS3 5-Mc coil with 7 turns removed. 
long (B & W Miniductor 3007). LT, CT— FM trap. 7 turns No. 20 tinned, J¡-inch 

L3 — 50 Mc.: 25 turns No. 32 e., close-wound on CTC diem., N  inch long (B & W Miniductor 3003), 
ISM form ( 3%-inch diam., slug-tuned). 28 Mc.: tuned with 5-20-pmfd . ceramic trimmer. 
CTC LS3 10-Mc. coil, slug-tuned. J1 — Crystal socket for antenna terminals. 

Li — 50 Mc.: Slug-tuned plate coil CTC LS3 30 Mc. Pi — 4-prong male plug. 

oscillates on its fifth overtone in the 144-Mc. 
converter, multiplying by four in the second 
6J6 triode section. Table 16-I gives complete 
information for all models. 

Operation of crystals in this way results in a 
frequency that may not be an exact multiple 
of the frequency marked on the crystal holder; 
hence the term " overtone." It is close enough 
for ordinary dial calibration purposes, how-
ever. Overtone-type crystals of the proper fre-
quency could be obtained on order, but the 
cost would be materially higher. Conventional 
operation of lower-frequency crystals, making 
up the multiplication with additional stages, is 

not recommended, because of the difficulty in 
avoiding birdies from crystal harmonics. In 
the overtone circuit, no frequency lower than 
the overtone at which the crystal oscillates is 
heard. 

Layout 

The units are built on aluminum chassis of 
stock sizes. The base is 3 by 5 by 13 inches 
(ICA 29003), and the r.f. units are 1% by 5 by 
93% inches (ICA 29001). The only metal work 
required is the making of small aluminum 
gujde plates for the front and rear of the con-
verter chassis, and the mounting bracket for 

Fig. 16- 10— Bottom view of the 28-Mc. 
plug-in unit. At the ! eft is the tuned input 
circuit, followed by the 6AK5 r.f, stage, with 
its slug-tuned plate and neutralizing wind-
ings. At the middle of the chassis is the 6J6 
grounded-grid stage, with its bandpass cou-
pling to the mixer grid. Oscillator components 
are at the upper right. Parts arrangement in 
the 50-Mc. converter is similar. 
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Fig. 16-11 — Bottom view of the I II- Mc. 
converter. Across the top of the pilot., left 
to right, are the input circuit, the push-pull 
r.f. stage, the push-push mixer, and its slug. 
tuned plate circuit. Oscillator and multiplier 
components are at the bottom of the picture. 

the interconnecting socket at the rear 
of the base unit. Ventilation holes aro 
cut in the sides of the base unit, and 
two 1%-inch holes are cut in the top 
surface of this chassis to provide 
greater clearance around the major 
coils of the r.f. assemblies, when they are in the 
operating position. The placing of the power 
supply and i.f. amplifier components on the 
base unit is not critical, though the arrange-
ment shown in the photographs works out 
nicely from a mechanical standpoint. Chief con-
sideration here is to avoid mounting parts on the 
outside walls of the units, thereby preserving to 
the fullest degree the deep-but-narrow form 
factor. This shape takes up a minimum of high-

144 Me. R.F. AMP 

OSCILLATOR— MOLT. 

6J6 

34.25 Mc. 137 Mc. 

Fig. 16-12 — Wiring diagram of the 144-Mc. cr> stal-controlled converter. 
CI, C6 — 5.3-pofd.-per-section butterfly (Johnson 

5MB11). 
C2, Ce, C7, CS, C10, CI4 — 0.005-mfd. disc ceramic. 
C3, C4 — 75-ohm Twin-lead neut. capacitors (see text). 
C9 — 5O-.pfd. ceramic. 
Cii — 50-pmfd. air trimmer (Millen 26050). 
Ci 2 — 100-Mµfd. ceramic. 
CI3 — 5-20-pmfd. ceramic trimmer. 
Bi, Ra — 150 ohms, 32 watt. 
112, RS, R7, R9 — 1000 ohms, M watt. 
114 — 2200 ohms, 1%¡ watt. 
Re — 0.22 megohm, M watt. 
R8 — 3300 ohms, 1 watt. 
Li — 4 turns, No. 18 enam., 5/16-inch diam., 94. inch 

long. 
L2, Ls — 6 turns No. 18 enam., 3 turns each side of cen-

priority space on the operating table. 
Care should be used in mounting the socket 

and plug on the base unit and converters, re-
spectively, in order that they may line up ex-
actly. When the job is properly done it is merely 
necessary to place the converter unit on the 
base, with the front edge tilted upward slightly, 
slide the plug into the socket, and then drop 
the converter in place. The converter assem-
blies should be kept free of parts in the portion 

144*. MIXER 

6J6 
7 to 11 Mc. 

+105 V. 

ter tap, with %-inch spacing between sections, 
9z8-inch diam. Adjust turn spacing as needed. 

— 5 turns No. 18 enam., 94j-inch diam., close-wound 
and center-tapped. 

La, Lo — 1 turn hook-up wire wound around LIS and Lo-
75-ohm Twin-Lead used to connect between the 
two coils. 

Le — Slug-tuned plate mil (CTC LS3 5-Mc, coil with 
20 turns removed). 

L7 — 11 turns No. 20 tinned, j.j-inch diam., 11/16 inch 
long, tapped 4 turns from crystal end of coil 
(B & 3003). 

L8 — 3 turns No. 18 tinned, 34inch diam., ,84, inch long 
(B & W 3002). 

ji — Crystal socket for antenna terminal. 
l't = 4-prong male plug, 
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that is over the rectifier tube socket, in order that 
no components be damaged in the plugging-in 
operation. 

Looking at the converters for 28 and 50 Mc. 
from the front we see the tuning condenser for the 
r.f. input circuit, followed by the 6AK5 and 6.J6 
r.f. stages and the 6J6 mixer-oscillator, in that 
order. The 6AK5 plate coil, the neutralizing coil, 
and the mixer plate coil are slug-tuned, resonat-
ing with the circuit capacitances only. Condenser-
tuned circuits are used in the r.f. input, second 
r.f. plate, and mixer grid circuits. The difference 
in position of the r.f. tuning condenser, C1, in 
the two converters is the result of an improved 
parts arrangement used in the 28-Mc. job. 
Mounting of this condenser on the front wall 
of the converter chassis is recommended for 
both units. 

Note the alternative input circuit for the 
50-Mc, converter, shown in Fig. 16-9. This 
includes a 100-Mc, trap for elimination of FM 
interference. If the converter is to be used in a 

Fig. 16-14— Wiring diagram of the power supply and i.f. 
amplifier unit for use with the crystal-controlled converters. 

CI, C2 — 10-iifd. 450-volt electrolytic. 
C4, CI, Ca — 0.005.pfd. disc ceramic. 
Ri — 2500 ohms, 10 watts. 
R2 — 1 megohm, AI watt. 
R3 — 10,000-ohm wire-wound potentiometer. 
Ri — 68 ohms, 3/2 watt. 
Ra — 56,000 ohms, 2 watts. 
Re — 39,000 ohms, 1 watt. 
R7 — 2200 ohms, j¡ watt. 
118 — 1000 ohms, 3j watt. 
— 10-hy. 50-ma, filter choke. 
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Fig. 16-13— Base unit, with converter re-
moved, showing the plug-in fitting for the 
mixer output and power connections. The 
6BA6 i.f. amplifier stage is at the lower right. 

lovation near to FM broadcast sta-
tions this trap is neeesSary to prevent 
the second harmonic of the injection 
frequency from beating with the FM 
signals and producing spurious re-
sponses in the 50-Mc. band. 

In the 2-meter converter the r.f. and mixer 
tubes are in line at the right side of the chassis, 
as viewed from the front, with the oscillator-
multiplier at the left. This layout makes for 
symmetrical arrangement of the push-pull cir-
cuits. All the r.f. coils are self-supporting, so 
that their length and coupling can be adjusted 
readily. Link coupling of the injection voltage 
is accomplished with single-turn coils around 
the multiplier-plate and mixer-grid windings, 
connected by a short length of 75-ohm Twin-
Lead. 

Adjustment and Operation 

Work on the r.f. sections is made easier if a 
patch cord is made up so that the r.f. units 
can be removed from the base and kept in 
operating condition. The only critical portion 
of the adjustment procedure is that involved 
in getting the crystal oscillator to work prop-
erly, and on the right overtone. The impor-
tant factor here is the amount of regeneration, 

L2 — Slug-tuned plate coil (CTC LS3 5 Mc. with 10 
turns removed). 

L3 — 15 turns No. 32 enam., scramble-wound at bottom 
end of /4. 

ji — 4-prong female plug. 
ji — Coaxial-cable jack. 
Si — S.p.s.t. toggle switch. 
Ti — Power transformer, 275 v. each side c.t. at 50 ma.; 

6.3 v. at 2.5 amp.; 5 v. at 2 amp. (Thordarson 
T-22R30). 
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controlled by the position of the tap on the 
oscillator coil, L7. The process is the same for 
all three converters, but the tap position may 
be somewhat more critical in the 50- and 144-
Mc. units, as a higher-order overtone is used. 
The proper position for the tap is that at 

which oscillation takes place only at the third 
or fifth overtone, as the converter requires. 
If the tap is too high on the coil oscillation will 
be on random frequencies, determined by the 
setting of C11, rather than controlled by the 
crystal. If the tap is too low on the coil no oscil-
lation at all will develop. The LIC ratio in the 
tuned circuit is also fairly critical, for best 
operation, but if the values given in the parts 
lists are followed no trouble should be en-
countered on this score. 
To check operation of the oscillator insert a 

meter in series with 1?5, apply plate voltage, 
and rotate C11 until a sharp dip in plate current 
occurs, indicating oscillation. There may be a 
tendency to self-oscillation at the minimum-
capacity end of the tuning range, but this may 
be disregarded if it disappears quickly as the 
condenser is turned toward maximum capacity. 
Crystal oscillation should occur somewhere be-
tween half and maximum capacity. It is helpful 
if a receiver is available for listening on the fre-
quency of oscillation (indicated over L7 in the 
diagrams) to see whether or not the crystal is 
controlling the frequency. If the frequency 
changes markedly or if pronounced hand-
capacity effects are present, move the tap 
toward the low end of L7 by one turn and try 
again. A fraction of a turn change may be 
necessary, in some instances, to achieve crystal 
control without random oscillation. It is also 
possible that the wrong overtone may develop. 
With incorrect values of inductance and 
capacity this type of circuit may produce oscil-
lation on any odd overtone, so a wavemeter or 
receiver check should be made to be certain 
that the proper injection frequency is being 
used. 

Next a rough alignment of the r.f. and i.f. cir-
cuits should be made. This can be done on noise, 
with the receiver set at the approximate mid-
point of the frequency range to be tuned, or if 
one has a signal generator the process is made 
easier. This need be nothing more than the 

Fig. 1645 — Under-chassis view of the base 
unit, showing the power supply and i.f. 
amplifier components. The circular cutouts 
provide additional clearance around the 
timed circuits in the plug-in unit. 

crystal oscillator in the transmitter, using the 
proper harmonic. 

Neutralizing is next in order. This should be 
done following the procedure outlined in the 
section on r.f. amplifier design earlier in this 
chapter. 

Final adjustment of the converters may now 
be made. Peak all circuits in the 10- and 6-
meter converters at one end of the band, 
then move the receiver to the other end of the 
band and repeak either the mixer or i.f. ampli-
fier plate winding for maximum response. Re-
ceiver noise is satisfactory for this test. If the 
response is not sufficiently broad, correction 
can be made with the bandpass circuits in the 
second r.f. plate and mixer grid circuits, stag-
ger tuning these and the i.f. coils until reason-
ably flat response is attained. All this is best 
done with a 300-ohm resistor connected across 
the antenna terminals, to eliminate antenna 
resonance effects. If the response is flat with 
this set-up, variation in noise over the band 
with the antenna on may be disregarded, since 
it is a function of the antenna itself. Absolutely 
flat response is not important, for the over-all 
gain of the system can be adjusted by means of 
the i.f. gain control. It should be set so that, 
with the antenna connected, the normal noise 
level just starts to read on the meter. Turning 
the gain beyond the point at which noise be-
comes a limiting factor effects no improve-
ment in signal readability. 
The flatness of response in all converters can 

be varied by adjusting the r.f.-mixer coupling. 
In the 2-meter unit the coupling between 1.3 

and L4 should be increased to the point where 
it is unnecessary to change the setting of C5 to 
cover the entire band. There will be a slight 
amount of repeaking of C1 necessary in all con-
verters, though it should not make more than 
about one S-unit difference from one end of the 
band to the other, and it will have a negligible 
effect on the noise figure. 
The converters are now ready for use, but 

some work on the receiver may be needed. A 
few communications receivers radiate harmonics 
of the high-frequency oscillator frequency, and 
these will show up as birdies throughout the 
v.h.f. range. The cure is similar to that employed 
in treating transmitters for TVI. 
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A Crystal-Controlled Converter 

The converter of Figs. 16-16 - 16-18 uses all 
improved dual triode, the 6BQ7, designed es-
pecially for v.h.f. r.f. amplifier service. The cir-
cuit is a simplified version of the cascode, giving 
improved performance on the higher frequencies. 
Parts values are given for operation on either 
220 or 144 Mc. Only the coils and the crystal 
frequency am different for the two bands. The 
mechanical layout is such that the converter 
may be used with the i.f. amplifier base unit of 
Figs. 16-13 - 16-15, by slight modification of the 
base power supply. In performance the converter 
is similar to the 6J6 model on 144 Mc., but on 220 
Mc. it is considerably better than is possible 
with the circuits and tubes of the earlier models. 
A third-overtone oscillator is used for either 

band, the crystal frequency being 7100 ke. for 
220-Mc, operation and 7611 kc. for 144 Mc. One 
half of a 6.16 is the crystal oscillator, the second 
half tripling to 68.5 Mc. in the 144-Mc. set-up, or 
quintupling to 106.5 for 220 Mc. A second 6J6 
is a combined doubler and mixer, the injection 
frequency being 137 or 213 Mc. (See Table 16-I.) 
Adjustment of overtone oscillators is described 

in detail in the chapter on v.h.f. transmitters. 
A separate feed-back winding is used in the 
oscillator, instead of a tapped coil as in the 
other converters described. The amount of feed-
back being not particularly critical in this case, 
the two coils, L5 and 14, were made from a single 
piece of B & W Miniduetor. If a change in feed-
back is needed, the two portions can be separated 
for adjustment purposes. Provision for maintain-
ing the coupling between the two exactly shduld 
be made if this is done. 
No injection coupling, other than that through 

the tube itself and that inherent in the associated 
circuits, is shown. Additional coupling was not 
needed for 144 Mc., but it was found desirable to 
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for 220 or 144 Mc. 

Fig. 16-16— The 6111T; crs,tal-rontrolleil comerter for 
220 or 14-4 Mc. is shown here mounted on the base unit 
previously described. The 61307 is the large tube at 
the front. At the left, behind the en stal, is the 6J6 
oscillator-multiplier. The other 6J6, right, is a combined 
mixer and injection frequeni. doubler. Note the 
lead for tilling off the high s oltage for the 611Q7. 

add a small capacitance between Pins 2 and 6 
of the 6J6 doubler-mixer for 220 Me. About 
one inch of 75-ohm Twin-Lead was used for this 
purpose. A piece of insulated wire soldered to 
Pin 6 and wrapped around the lead to Pin 2 will 
serve equally well. The capacitance should be 
increased until adding more makes no improve-
ment in sensitivity, but probably not more than 
2 pad. will be needed. 

Note that the two portions of the 6BQ7 are in 
series as far as the plate voltage is concerned. This 
requires a higher plate supply voltage than is ob-

• 

Fig.16-17 — Bottom 
view of the 6BQ7 con-
venes with 220-Mc, coils 
installed. At the upper 
left is the antenna trim-
mer. The large coil near 
the center of the chassis 
contains the overtone 
oscillator inductances, 
L5 and Ls. The two mul-
tiplier tuned circuits are 
visible at the lower 
right, with the slug. 
tuned mixer plate coil 
at the upper right. 

• 
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6807 616 6J6 

R. F. AMP. 
68Q7 

it‘2 6J6 
3RD OVERTONE OSC. 

Fig. 16-18 — Schematic diagram and parts 
Ci, C2, C3 — 5-20-iiidd. ceramic trimmer (Centralab 

820-B). 
C4 — 5-50-iiiifd. ceramic trimmer (Centralab 822-AN). 
C, Ce, Cs, C9, CII, Cl2, C14, C18 — 0.001-mfd. disk 

ceramic. 
C7, C8 — 2.55fd. ceramic. 
Cio — 10-iiiifd. ceramic. 
C13, C15, C17 — 50-iiiifd. ceramic. 
RI — 100 ohms. 
R2 — 470,000 ohms. 
Rs, 114, R8, R9 1112 — 1000 ohms. 
Rs — 0.68 megohm. 
Ro — 0.22 megohm. 
R7 — 2200 ohms. 
Rio — 3300 ohms. 
Ru i — 47,000 ohms. 

All resistors 1A-watt. 
Li — 220 Mc. — 1 turn %-inch diam., closely coupled 

40 L2. 
— 144 Mc. — 2 turns as above. 

La — 220 Mc. — 2 turns .84-inch diam., spaced diam. 
of wire. 

— 144 Mc. — 5 turns %-inch diam., inch long. 

616 MIXER- DOUBLER 

TO 250V,D.C. 

Y2 616 
MULTIPLIER 

list for the 6BQ7 converter for 220 or 144 Mc. 

L3 — 220 Mc. — 3% turns i%-inch diam., .% inch long 
tapped at 1.1A turns from Cs end. 

— 144 Mc. — 5 turns 3%-inch diam., inch long, 
tapped at 112 turns from Cs end. 

— 44 turns No. 10 enam., close-wound on .34-inch 
diam. slug-tuned form. 

Ls, Le — Made from one piece of B & W Miniductor 
No. 3003, 17 turns total. Cut at 5 turns for Ls; 
balance for Lg. 

L7 — 220 Mc. — 6 turns Vs-inch diam., inch long. 
— 144 Mc. — 8 turns Is-incb diam., inch long. 

L8 — 220 Mc. — 2 turns Vs-inch diam., spaced 34i inch. 
— 144 Mc. — 3 turns 3%-inch diam., % inch long. 

All coils No. 18 enameled wire unless otherwise noted. 
RFC1, RFC2 — 5 turns each No. 22 enam., close-wound 

side-by-side (bifilar) on 3/16-inch diameter. 
Cement turns together with coil dope. 

Pi — 4-prong plug (Amphenol 86-CP4). 
P2 — Test-lead type plug. Matching fitting must be 

added to power supply, or Pi and matching 
fitting changed to 5-prong. 

tamed through the regulator system (Pin 2 of the 
power plug) so a change in the base unit must be 
made to permit tapping into the high-voltage 
line. An insulated pin jack is installed in the base 
unit, connecting it to the junction of Rb and Rg 
in Fig. 16-14. Connection to the converter is 
made by means of P2, a test-lead type plug on the 
end of a flexible lead. Another pin jack is mounted 
on the converter chassis to hold this plug when 
the converter is not in use. 

Except for the setting of C1, all adjustments of 
the r.f. stages are extremely broad. A variable 
trimmer may be tried in place of Cg, but in this 
unit it was not found necessary to change the 
value for 220 or 144 Mc. The bifilar-wound 
chokes in the heater leads are designed to be 
self-resonant at approximately the highest fre-
quency for which the converter will be used. 
There is no particular advantage in changing 
them for 144-Mc. work, though if the converter 

is to be used solely on 144 Mc. they may be about 
two turns larger than given in the parts list. 
For best results, the inductance of the antenna 

coil should be as low as possible and still resonate 
at the signal frequency with adjustment of 
The setting of C1 should be done with the antenna 
attached, as a standing wave on the feed line will 
require a change of tuning. For first tests a 300-
ohm resistor across the antenna terminals may 
be used. C1 will tune sharply, but once set 
properly for the middle of the band it need not 
be changed in tuning across the band. 

Resonance at the middle of the band in L2 and 
L3 may be checked with a grid-dip meter, if one 
is available, or the turns may be spaced for maxi-
mum response on a test signal. Only a slight 
change in signal will be observed with large 
changes in inductance, so the converter should 
be capable of good reception before any adjust-
ment is made, other than the setting of C1. 
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A Simple Converter for 50 and 144 Mc. 

Though the more complex equipment al-
ready described is typical of the gear that must 
be used in order to attain top performance on 
the v.h.f. bands, it is possible to start with 
simpler devices and still do a good job. The 
converter shown in Figs. 16-19 through 16-22 
provides the best performance that can be ex-
pected from simple equipment. It was not built 
to be the simplest possible receiving device; 
rather, it was designed to provide good results 
with a minimum of complication and cost. 

It uses a dual triode, 6J6, as a combined 
mixer-oscillator, followed by a 6AK5 i.f. ampli-
fier. The latter is necessary; do not try to do 
without it. The output of a triode mixer is too 
low to give adequate gain for most receivers. 
The tf. amplifier stage makes the converter 
usable with even the simplest receivers, and 
provides a convenient means of controlling the 
over all gain of the system. Plug-in coils mounted 
inside tube-base type forms provide the means 
of changing bands. 

Mechanical Details 

Though it could be built in a much smaller 
space, the converter uses a 3 by 5 by 10-inch 
chassis, allowing plenty of room for the work 
that must be done underside. The main tuning 
condenser is a split-stator variable made from 
a double-bearing double-spaced 15-aafd. type. 
Each section is reduced to three stator and two 
rotor plates. This unit is mounted under the 
chassis, as close to the top plate as possible, to 
make room for the-vernier dial on the front panel. 
The mixer and i.f. plate coils, L4 and L5, are 
mounted under the chassis. Normally this will 
provide all the shielding necessary for the i.f. 
circuits. If trouble is experienced with signals on 
the intermediate frequency a bottom plate may 
be added to the chassis. The panel is set out from 
the chassis front with half-inch pillars. 
A smooth-running dial on the oscillator tuning 

is a necessity in a v.h.f. converter when com-
munications-receiver selectivity is used. The Na-

tional type SCN has a good tuning rate, plus 
ample space for calibration scales for both bands. 
The circuit is so simple that no trouble 

should be experienced if the general parts 
arrangement is followed. Look over the photo-
graphs closely before starting to lay out the 
chassis for drilling. In the rear view, Fig. 16-20, 
the oscillator coil, the 6J6 tube, and the mixer 
grid coil, LI-L2, appear in that order, from left 
to right, close to the panel. The 6AK5 tube is 
nearer the back, with the slug adjustment 
screws of the mixer plate coil, L4, and the i.f. 
plate coils, L5-L6, at the right and left, respec-
tively. Holes are drilled in spare space at the 
back of the chassis to provide for storage of the 
set of coils not in use. 

Looking in the bottom view, Fig. 16-22, we 
see the oscillator tuning condenser, C5, at the 
center, the 6.16 socket at the left and the coil 
socket at the right. Note that the latter is as 
close to C5 as possible. 
The only critical job in the adjustment pro-

cedure is involved in getting the inductance 
of the oscillator plug-in coils, L3, to the correct 
value. There being only one parallel trimmer 
for the oscillator (C4) the coils must be made 
and adjusted carefully in order to have the de-
sired bandspread on both ranges. 

Considerable care must be used in the place-
ment of the oscillator and mixer components, 
so that all leads will be very short; otherwise 
it will not be possible to resonate these circuits 
at 148 Mc. The 6.16 socket is at the left of C5 
in the bottom view, and the mixer grid circuit 
components appear just to the left of the mid-
dle. The i.f. amplifier gain control, R7, is at 
the right. The 300-ohm line from the crystal-
socket antenna terminal, Ji, may be seen at 
the far left. 
The mixer plate coil, the i.f. amplifier socket, 

and the output coil assembly are across the bot-
tom of this view, from left to right. The antenna 
terminal, power plug and i.f. output connector 
are on t he rear wall in the same order. 

• 

Fig. 16-19— A 2-tube converter 
for 50 and 144 Mc. The vernier 
dial is for oscillator tuning. The 
two knobs are the i.f. gain con-
trol, right, and the mixer tuning 
condenser. In front are the 2-me-
ter mixer and oscillator plug-in 
coils. 
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Fig. 16-20 — Rear view of the 
simple converter. Near the panel, 
left to right, the oseilli toe coils 
are shown in place. The i.f. am-
plifier tube is nearer the hack 
of the chassis, with the slug-tuned 
mixer and i.f. plate coils at either 
side. Coils not in use are stored at 
the back of the chassis. 

• 

Test Procedure 

When the assembly and wiring are com-
pleted, the oscillator operation should be 
checked. The power supply should deliver 6.3 
volts a.c., at 1 ampere, and 150 volts d.c. at 
30 ma., preferably regulated. Insert a milliam-
meter in series with R3 and check for oscilla-

J, 

•T.  

C, 
I44or 50 Mc. 

3 

MIXER-05C. 

646 

L2 

6J6 6A65 

136.610140.6 Mc 
574 TO 61.4 Mc. 

Fig. 16-21— Schematic diagram of the 
Ct — 15-sipfd. midget variable (Rammarlund 11F.15). 
C2 — 100- pfd. mica or ceramic. 
Ca, Cs — 47-pmfd. mica or ceramic. 
Cs — 35-µpfd. ceramic trimmer (Centralab 820-C). 
Ca — Double-spaced split-stator variable, about 8 .pfd. 

per section (llammarlund H FD-15-X„ reduced 
to 3 stator and 2 rotor plates in each section). 

Cs, Cu — 68-istifd. mica or ceramic. 
C7, C9, CIO, Cla — 0.01-mfd. disk ceramic. 
Cla — 15-misfd. ceramic. Connect directly from Pin 5 to 

Pin 7 on 6AK5 socket. 
RI, lls — 1 megohm, ,1/¡ watt. 
R2 — 10,000 ohms, IA watt. 
113, 114, Rs, Rio — 1000 ohms, Và. watt. 
Ra — 220 ohms, )¡ watt. 
R7 — 2000-ohm 4-watt potentiometer. 
Rs — 22,000 ohms, 1 watt. 
— 50 Mc.: 2 turns No. 22 enam. interwound in cold 

end of L9. 
144 Mc.: 3 turns No. 22 enam. Yeinch diam., 
close-wound at cold end of 1.11. 

tion by touching any bare spot in the oscillator 

plate or grid circuit with a pencil. A change in 
current indicates oscillation. 

Two types of bandspread are possible. With 
the coil values given in the parts list, the 50-Mc. 
band covers about 90 divisions of the dial. The 
144-Mc, band covers about 50 divisions. The 
capacitance needed at C4 is about 12.5 ispfd. in 

IF. AMP 

6AK5 
74 Mc. 

two-tube converter for 50 and 144 Mc. 
La — 50 Mc.: 7 turns No. 22 tinned, 3/3-inch diam., 

inch long (B & W No. 3003). 
144 Mc.: 2 turns No. 16 tinned, Yeinch diam., 

3d-inch long. 
La — 50 Mc.: 6 turns No. 22 tinned, 5/3-inch diem., 7,ia 

inch long center-tapped (B & W No. 3003, with 
end turns spread slightly). Alternate design for 
more bandspread, see text. 

144 Mc.: U-shaped loop No. 12 wire, inch wide, 
1 inch long, center-tapped. 

Coils LI and La are supported inside Millen 1-inch 
diameter 4-prong forms. La in Millen 45005. 
5-prong. Saw off to ?),4-inch length. 

L4, Ls — 23 turns No. 22 enam. close-wound on Na-
tional XR-50 slug-tuned form. 

Le — 3 turns No. 22 enam. close-wound at cold end of 
Ls. 

Ji — Crystal socket for antenna terminal. 
Coaxial fitting, female. 

Pi — 4-prong power fitting, male. 
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this case. If more bandspread is wanted on 144 
Mc., the setting of C4 can be increased to around 
23 add., and L3 reduced to 4 turns. The 2-meter 
band will then cover around 72 divisions. It will 
not be possible to cover the whole of the 50-Mc. 
band with this arrangement, without resetting 
C4, but this is no great handicap so long as activ-
ity is concentrated in the lower portion of the 
band, as at present. 
The frequency of the oscillator may be 

checked with an absorption-type wavemeter or 
Lecher wires. For the 50-Me, range, the oscil-
lator should tune from 57.4 to 61.4 Me. in 
order to heat with an incoming signal to pro-
duce a 7.4-Mc. if. (The oscillator is on the 
high side of the signal.) A kick in the oscillator 
plate current, or a flicker in the voltage-regula-
tor tube in the power supply, can be used to 
show when the frequency is found with the 
measuring device. 

Set the padder, C4, so that 57.4 Mc. comes at 
about 5 divisions in from the maximum-
capacity end of the tuning range, and check 
to see where 61.4 Mc. is found. It should come 
just inside the minimum-capacity end of the 
range. If the circuit will not tune to 61.4 Mc. 
the inductance of L3 is too low. Move the 
turns closer together, and reset C4 as before 
for 57.4 Mc. If the bandspread is too small, 
spread the turns and increase the capacitance 
of C4 to compensate, for the desired amount of 
spread, about 90 divisions on the dial. 

Next check the 2-meter range. Here the coil 
must be adjusted in inductance until the oscil-
lator will hit 136.6 Mc. somewhere between 
the middle and the maximum-capacity end of 
the tuning range of C5. The high end, 140.6 
Mc., will then appear about 50 divisions higher 
on the dial. The oscillator is on the low side 
of the signal on this range. Do not change the 
setting of C4 in this process, or it will be neces-
sary to alter the 50-Mc. coil again. 
Once the oscillator covers the proper frequency 

ranges the converter may be tested in actual re-

ception. Connect the output through a coaxial 
cable to a receiver tuned to approximately 7.4 
Mc. There should be an increase in noise as 
the gain control is turned up. The mixer and 
i.f, amplifier plate windings can be tuned to 
the proper frequency merely by adjusting the 
core screws for maximum noise. 
The mixer grid circuit may also be peaked 

on noise, though care should be taken to see 
that it is not peaked on the image, 14.8 Mc. 
away from the signal frequency. If the grid 
circuit is tuned to the desired frequency there 
will be a considerable increase in the strength 
of a signal as the grid condenser, C1, is tuned 
through resonance. If the circuit is tuned to 
the image frequency the noise will peak up, 
but an amateur-band signal will drop in strength 
as the noise peak occurs. Tuning the mixer grid 
circuit shifts the oscillator frequency slightly, 
so it may be peaked more accurately on noise 
than when listening to a signal. 
A final check of the dial calibration may be 

made by tuning in signals of known frequency, 
or by means of an accurate signal generator. 
Few wavemeters are sufficiently accurate for 
final calibration by the method outlined earlier. 

If trouble is encountered with signals in the 
7-Mc. region leaking through, the i.f. can be 
shifted slightly to tune out the interference. In 
some instances it may be necessary to put a bot-
tom plate on the chassis. Small changes in inter-
mediate frequency can be made without resetting 
either the oscillator padder or the i.f. coils. With 
the i.f. amplifier built into the converter, the 
setup will have adequate gain for use with almost 
any receiver. Reception will be nearly as good 
as with more complex designs, the principal 
difference being a somewhat higher noise 
figure (slightly degraded signal-to-noise ratio) 
in the simpler job. The use of a low-noise r.f. 
amplifier ahead of the converter (an example 
is the preamplifier of Fig. 16-24) will make pos-
sible reception equal to the best obtainable in a 
converter having a tunable oscillator. 

Fig. 16-22 — Bottom 
view of the two-band 
converter. The split. 
stator condenser at the 
center is for oscillator 
tuning. The otelllat,or 
roil socket is at the 
right and the 6.16 
socket at the left. The 
mixer tuning con-
denser and grid coil 
socket are in the upper 
left corner, with the 
i.f. Coils and tube 
socket at the rear. 
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6BQ7 Preamplifiers for 50 and 144 Mc. 

The triode preamplifiers shown in Figs. 16-23 
to 16-25 will improve the sensitivity and lower 
the noise figure of receivers for 50 and 114 Mc. 
that are deficient in these respects. Two separate 
preamplifiers are shown running from a common 
power supply, but the design can be used for 
either band if the constructor is interested in 
only one of them. Only one r.f. circuit is shown in 
the diagram, as the two amplifiers are identical 
circuitwise. 
The 6I3Q7 is a dual triode designed especially 

for v.h.f. amplifier service. More information on 
the tube and circuit may be found (-oiler in this 
chapter. The power supply uses a TV booster 
power transformer, a selenium rectifier, and an 
R-C filter. It furnishes 160 volts d.c. and 6.3 volts 
a.c. Plate voltage is on both tubes as long as the 
power is on, and the heater voltage is applied to 
either amplifier by the control switch. 

Construction 

It will be seen from the parts list that the 50-
Mc. plate circuit is tuned by a variable trimmer, 
whereas the capacitor at Cg in the 144-Mc, side 
is fixed. Resonance in the 144-Mc. plate circuit 
is achieved by spreading the turns of L3 above 
the tap. The input circuits are set up for 330-ohm 
or other balanced lines. If coaxial-line fed anten-
nas are used, the grid circuit should be tuned, and 

6 BQ7 

Power 
Supply 

T, 

Fig. 16-24 — Circuit diagram 
CI, C4, Ce, C7 — 0.001.14M. disk ceramic. 
C24,, C2B — Dual 20-gfd. 250-volt-wkg. electrolytic 

(Mallory FP-217). 
C3 — 15-ppfd. variable (Millen 20015). 
Cs — 1 -pktfd. silver mica. 
Cs — 50 Mc.: 4.S-25 'Add. ceramic trimmer (Centralab 

822). 
144 Mc.: 2-gpfd. ceramic (Erie Ccramicon). 

RI — 22 ohms, 1,4 watt. 
112 — 3300 ohms, watt. 
R3— 100 ohms, watt. 
144 — 0.47 megohm, 1,2 watt. 
Ra — 1000 ohms, M watt. 
Li — 50 Mc.: 6 turns No. 20 tinned, N -inch diam., N 

inch long (13 & W Miniductor No. 3007). 
144 Mc.: 3 turns No. 16 enam., 54-inah diam., 
turns spaced wire diam. 

L2 — 50 Mr.: 11 turns No. 20 tinned, 3'-inch diam., 
I)Ie inch long (B & W Miniductor No. 3007). 

144 Mc.: 5 turns No. 16 enam., 3/8-inch diam., )4 
inch long. 
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Fig. 16-23 — The 50- and the 111-Mc. r.f, amplifiers are 
at the right and the left ends of the chassie, respectively. 
'f he power transformer is to the rear of the filter capaci-
tor and the control switch is centered on the front wall 
of the assembly. 

the coaxial line tapped on the grid coil, as shown 
in Fig. 16-2. 
The chassis is aluminum, 2 by 5 by 7 inches. 

More compact design is possible if only one band 
is included, but it is suggested that the general 
layout of parts be followed. The tube sockets are 

R.F. AMPLIFIER 

of the 613Q7 amplifier unit. 
L3— 50 Mc.: 14 turns No. 20 tinned, IA-inch diam., 

7f3 inch long, tapped at 3 turns from La end 
(B & W Miniductor No. 3003). 

144 Mc.: 6 turns No. 14 tinned, 3/8-inch diam., 5 
turns spaced diam., last turn adjustable, tapped 
1 turn from Cs end. 

L4 — 50 Mc.: 3 turns No. 22 enam. wound around La 
just above the tap. 

144 Mc.: 2 turns No. 18 enam., N-inch diam., 
inserted between 4th and 5th turns of La. 

ji — Coaxial cable connector. 
RFC', RFC2 — 50 Mc.: 8 turns each No. 18 enam., 

close-wound (bifilar) on 3i6-inch diam. 
144 Me.: Same as above only 5 turns each. 

SIA, SIB '"" 3.pole 3-position selector switch with one 
section unused (Centralab 1407). 

SR: — 20-ma. selenium rectifier (Radio Receptor Corp. 
8Y1). 

Ti — Power transformer: 150 volts r.m.s., 25 ma.; 6.3 
volts, 0.5 amp. (Merit P-3046). 
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two inches from the front of the chassis. Power 
supply parts and control switch occupy the mid-
dle, with the 144-Mc, amplifier at the left in both 
views. Input and output connectors and a.c. 
fitting are on the rear wall. 
Looking at the bottom view, it will be seen 

that small pieces of flashing copper about one inch 
square are soldered across the sockets, to isolate 
the input and output circuits. 

First check the power supply, with the de-
coupling resistors, Rg, disconnected. Voltage 
should be about 200, dropping to 160 when either 
stage is placed in operation. Insert a low-range 
meter in series with R5, and check for oscillation. 

CHAPTER 16 

Fig. 16-25 — A bottom view of the amplifier unit show-
ing the input and the output connectors mounted on 
the rear wall of the chassis. Power supply components 
are centered in the chassis. 

The current should remain steady at about 6 ma. 
when the plate or grid circuit is touched with a 
metal object. 

If there is fluctuation, indicating oscillation, 
neutralization is done by moving the tap position 
on the coil. On the 144-Mc. side it may be pos-
sible to spread the end turn (below the tap) away 
from the rest of the coil to achieve neutralization. 
The capacitor, Cg, can be made variable for a 
neutralization adjustment, if desired. 

While listening to a signal near the middle of 
the band, adjust the antenna trimmer for maxi-
mum signal, and peak the plate circuit, by Cg in 
the 50-Mc. amplifier, or by spreading the turns 
above the tap on Lg on the 144-Mc. side. The 
adjustment of the plate circuit should be broad 
enough to cover the entire band, but repeaking 
of the input circuit may be necessary at the band 
edges. 

Gain should be around 12 db. at 144 Mc., and 
15 db. at 50 Mc. If the receiver with which the 
preamplifier is used has a pentode r.f. stage, or no 
r.f. amplifier at all, the preamplifier should effect 
an improvement of as much as 6 t,o 10 db in signal 
to noise ratio at 144 Mc., and somewhat less at 
50 Mc. If more gain is needed, a separate power 
supply delivering 250 volts or so may be used. 

Receivers for 420 Mc. 
For best signal-to-noise ratio, receivers for any 

frequency should have the highest degree of 
selectivity that can be used successfully at the 
frequency in question. With crystal control or its 
equivalent in stability accepted as standard prac-
tice on all bands up through 225 Mc., there is little 
point in using more bandwidth in receivers for 
these frequencies than is necessary for satisfac-
tory voice reception, a maximum of about 10 kc. 
Such communication selectivity is now being 
used successfully by most workers on 420 Mc., 
too, but it imposes several problems not encoun-
tered on lower bands. 

First is the matter of oscillator instability in 
the converter. Even the best tunable oscillator at 
420 Mc. suffers from vibration and hand-capacity 
effects sufficiently to make it difficult to hold the 
signal in a 10-kc. i.f. bandwidth. 
Then, there are still quite a few unstable trans-

mitters being used in 420-Mc. work. It is out of 
the question to copy these on a selective receiver. 

Last, searching a band 30 megacycles wide is 
excessively time-consuming when conununica-
tions-receiver selectivity is used in the i.f. system. 
There is no single solution to these problems, 

but the best approach appears to be that of 
breaking up of the band into segments for differ-
ent types of operation. This is being done by mu-
tual agreement among 420-Mc, operators at 

present, as follows: 420 to 432 Mc. — modulated 
oscillators and wideband FM; 432 to 436 Mc. — 
crystal-controlled c.w., AM and narrow-band 
FM; 436 to 450 — television. 
The first segment can be covered with a super-

regenerative receiver, a superheterodyne having 
a wideband i.f. system, or a converter used ahead 
of an FM broadcast receiver. The high selectivity 
required for best use of the middle portion makes 
a crystal-controlled or otherwise highly stable 
converter and communications receiver combina-
tion almost mandatory. Amateur TV is usually 
received with a converter ahead of a standard TV 
receiver, tuned to some channel that is not in use 
locally. 
Many of the tubes used on the v.h.f. bands are 

useless at 420 Mc., and the performance of even 
the best u.h.f. tubes is down compared to lower 
bands. Only the lighthouse or pencil-triode tubes 
and a few of the miniatures are usable, and these 
require modifications of conventional circuit 
technique to produce satisfactory results. 

Crystal diodes are often used as mixers in 420-
Mc. receivers, as in this frequency range they 
work just about as well as vacuum tubes. The 
over-all gain of a converter having a crystal mixer 
is about 10 db. lower than one using a tube, so 
this difference must be made up in the i.f. ampli-
fier. The noise figure of a receiver having a crystal 
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6J6 

RFC, 

MIXER 

OK. 

6J8 

6 

63V 

Ci — Two-section ganged split-stator variabl_, e 6.75- 
pufd.-per-section stator to stator (National 
VIIF-21)). One plate may be removed from each 
section to increase bandspread, if desired. 

C2 — 3-30 mad. mica trimmer. 
C3 — Padder capacitance made from two copper plates, 

by 1 inch in size, soldered across terminals of 
Lz and CI. Adjust spacing for band-setting 
purposes. 

C4, C7, Cs, CO, CII — 0.005-pfd. dise ceramic. 
C5, CIO — 15-ppfd. ceramic. 
Cs — 50-mpfd. ceramic. 
Cl2 — 500-pufd. ceramic. 
Cu — 100-mpfd. button by-pass. 
Ri — 470 ohms, Y2 watt. 
112— 1000 ohms, Vo watt. 
113— 1 megohm, watt. 
R4, Rs — 1000 ohms, watt. 
Rs — 10,000-ohm potentiometer. 
R6 — 68 ohms, watt. 
117 — 33,000 ohms, 1 watt. 

mixer includes the noise figure of the i.f. amplifier 
following it, so best results require that the i.f. 
system employ low-noise techniques discussed 
earlier in this chapter. The higher the intermedi-
ate frequency, the more important this becomes. 
If the i.f. is 50 Mc. or higher a triode i.f. amplifier 
is recommended. 

Crystal diodes of the type used in radar mixers, 
such as the 1N21 series, are well suited to 420-Mc. 
mixer service, though care must be taken to avoid 
damage from transmitter r.f. energy. Other types 
of crystal diodes such as the 11%171 will stand 
higher values of crystal current, and their use is 
recommended. 
Few conventional vacuum tubes work well as 

mixers at 420 Mc. and higher. The 6J6 is useful 
where a balanced input circuit is desired, as in 
the converter of Fig. 16-31. For single-ended 
circuitry the 6AM4 is recommended. 

For high-selectivity coverage of the 432- to 
436-Me, segment of the band, a common practice 

+105 V. 

6AG5 

I.F. AMR 

Gain 

0A2 
Reg. 

Rn 

Fig. 16-26 — Schematic diagram of a converter for 
420 Mc. 

Ro — 100 ohms, 1¡ watt. 
Rio — 3300 ohms, 34 watt. 
Ru i — 2500 ohms, 10 watts. 
Rio — 33,000 ohms, watt. 
Li, L2 U-shaped inductances cut from sheet copper, 

by 1% inches over all. Cut-out portion is % 
inch wide. Solder directly to flat plates on the 
tuning-condenser stators, adjusting position of 
L2 for proper tracking. 

L3, L4 — Injection coupling loops of stiff wire, width of 
Li and L2, and mounted closely under them. 

La — Antenna coupling loop of stiff wire 1% inches 
long, coupled closely to Li. 

Ls — 10 turns No. 24 d.s.c. spaced to fill National 
X R-50 form. 

L7 — Same as L6, but tapped at second turn from cold 
end. 

Ji — Antenna terminal — Millen 33102 crystal socket. 
— Coaxial fitting (Jones S-201). 

Pi — 1-prong power fitting. 
RFC], 111:C2 — 10 turns No. 22 enameled wire, close-

wound on 1-watt resistor. 

is to use a crystal-controlled converter working 
into another converter for either the 50- or 144-
Mc. band, tuning the latter for the four-megacycle 
tuning range. 

• A 420-MC. CONVERTER 
'('he converter shown in Figs. 16-26 through 

16-28 represents about the simplest design that 
can be used effectively at 420 Mc. The if, is 30 
Mc., permitting its use with any of the several 
receivers that have provision for vrideband FM 
at this frequency. These include the S-27, S-36, 
SX-42 and SX-62. It may also be used with more 
selective i.f, systems, though there will be some 
trouble with oscillator instability. When high 
selectivity is used, best results can be obtained by 
setting the converter in the middle of its tuning 
range, and then tuning the receiver to which the 
converter is connected. If the i.f. coils and oscil-
lator tuning range are suitably modified, the con-
verter may be used with a standard home TV 



382 CHAPTER 16 

receiver for amateur tele\ ision work, or with an 
FM broadcast receiver for wideband FM recep-
tion. 
The mixer and oscillator stages use 6J6s, with 

gang-tuned push-pull circuits. A 30-Mc. i.f. am-
plifier is included, as the gain of most receivers 
at 30 Mc. is insufficient for best reception. The 
if. stage uses a 6A05, which works well at this 
frequency, but if the i.f, is to be shifted to a higher 
frequency it would be well to use the cascode 
circuit in the i.f. amplifier, for adequate gain and 
low-noise characteristics. Details of the cascode 
amplifier will be found earlier in this chapter. 
Plate voltage for the oscillator and mixer is 
maintained at 105 volts by means of an 0A2 
regulator tube. 
The tuning condenser is a ganged unit espe-

cially designed for v.h.f. service. The mixer and 
oscillator inductances, L1 and L2, are cut from 
sheet copper in U shape, and soldered directly 
to the stator assemblies in the tuning condenser. 
The 6J6 tube sockets are mounted on brackets 

Fig. 16-28 — Bottom view of the 420-Mc. converter. 

Fig. 16-27 — A converter for 420-Mc. reception. The 
oscillator section is in back of the vernier dial, with the 
mixer at the rear. Both use 6J6s in push-pull circuits. The 
tubes at the right are the 30-Mc. i.f, amplifier, a 6AG5,, 
and a voltage regulator. 

supplied with the condenser assembly, permitting 
connections to he made without leads other than 
the socket lugs themselves. l'adder capacitance 
for the oscillator is supplied by two copper plates, 
also soldered directly to the st:i t,tr terminals. 

e R. F. AMPLIFIERS FOR 420-MC. 
RECEPTION 

Ta o coaxial-line r.f. amplifiers for 120-Mc. 
use are shown in Figs. 16-29 through 16-32. 

Ca-r-

636. 

5675 
6.14 

RFC, RAF4 

RFGa 
GS 

_L 
5 

RFC, 

C. 

R1 

L1 

L, 

to 150V. 

RFC. 

+100 I 

=." 

Cl 

Fig. 16-29 — Schematic diagram of the 420-Mc„ ampli. 
fiers. Connections for the 6AF4 are as follows: Pins 1, 
— plate; 2, 6 — grid; 3, 4 — heater; 5 — cathode. 

Cu — Copper tab tuning capacitor; see text and photo-
graphs. 

C2, C3, C4 — Feed-through capacitors, 100 add. or 
larger. 

Ca — 100-Hafd. ceramic. 
Cs — 2-pafd. ceramic. Use only if neutralization is 

needed. 
-- 220 ohms. 

Li — Inner conductor of plate line; 3fis- or 3'-inch 
copper tubing or rod, 73. inches long for 6J4 or 
6F4. 

I .2 — Coupling loop of insulated wire. Runs adjacent to 
Li for 1 inch. 

— Use only if neutralization is needed. See text for 
details. 

Ja — Coaxial fitting, female. j2 is shown as a crystal 
socket in the photographs. 

RFC: - RFC.: -- 7 turns No. 22 cum., Winch diain., 
34 inch long. A 1000-ohm '4-watt resistor can 
be substituted for RFC,. 

Either is capable of about 12 db. gain and they 
may effect a considerable improvement in the 
signal-to-noise ratio and stability of simple mixer-
oscillator converters. By isolating the mixer from 
the antenna, the use of such au r.f. stage reduces 
oscillator radiation, and may at least partially 
correct oscillator stability troubles that result 
from swinging feeders and body capacity effects. 

Designs for two different types of tubes are 
shown. The longer line (rear of Fig. 16-30) uses 
a Type 5675 " pencil" tube; the other a 6J4 minia-
ture. Both have halfwave line tuned plate cir-
cuits, the outer conductors of which are made 
from flashing copper. Dimensions of the tank 
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Fig. 16-30 — Two coaxial-line r.f. amplifiers for 420 Me. 
The shorter one, in the foreground, uses a 614 triode; 
the other a 5675 "pencil tube" triode. Both employ 
plate lines tuned with small copper-tab capacitors at 
the open ends of the lines. 

circuit parta, in flat form before bending, are 
given in Fig. 16-31. 
A shielding partition is soldered inside the line 

two inches from one end when a 6J4 is used. This 
partition crosses the center of the tube socket, 
with a prong fitting inside the shielding ring that 
is part of most miniature tube sockets. For the 
pencil tube two plates are required, the grid plane 
of the tube being clamped between them. The 
heater and cathode circuit components are 
mounted in the small compartment, the heater 
voltage being brought in by feed-through ca-
pacitors mounted on the end plate. If one side of 
the heater is to be grounded it can be done inside 
the compartment and only one feed-through 
capacitor used. 
The inner conductor is supported near its 

midpoint by a block of polystyrene drilled to pass 
the tubing or rod with a close fit. Plate voltage 
is brought through the side wall of the outer con-
ductor on a feed-through capacitor and applied 
to the inner conductor near its midpoint through 
a small r.f. choke or isolating resistor. The con-
nection should be made to the point of lowest r.f. 
voltage. 
Tuning is done with small circular plates of 

copper, one of which is soldered to the end of the 
line. The other is mounted on an adjusting screw. 
A hole about Yrinch diameter is drilled in the 
outer conductor about one half inch from the 
open end. A 4/40 brass screw is run through the 
hole, with brass nuts on either side of the sheet 
copper. These are then soldered to the copper, 
taking care not to run the solder up over the nuts 
onto the screw thread. Another nut is then put 
on the end of the screw and the copper tuning 
disc is soldered to this. A brass sleeve or piece of 
hi-inch copper tubing is soldered to the head of 
the screw to provide a shaft for mounting a knob. 
Output coupling is by means of a loop of 

insulated wire alongside of the inner conductor. 
The position of the coupling loop is not particu-
larly critical. Moving it away from the point of 
lowest r.f. voltage, toward either end of the 
line, decreases the gain and increases the band-
width slightly. If the r.f. stage is used as a sepa-
rate preamplifier unit the coupling link to the 
receiver proper should be coax. 

Because the input impedance of a grounded-
grid amplifier is quite low, there is little to be 
gained by the use of a tuned input circuit, so the 

SHIELDING 
FIN 

PENCIL TUBE 
MOUNTING 

END 
PLATE 

antenna is connected directly to the cathode 
through a small blocking condenser. This is 
necessary only to keep the cathode from having 
its bias resistor shorted out if a grounded antenna 
system is used. The cathode and heater are kept 
above ground for r.f. by the use of small airwound 
r.f. chokes. Though the photograph shows crystal 
sockets as antenna terminals, implying the use of 
200-ohm Twin-Lead or other balanced line, the 
direct connection to the cathode is more suited 
to use of coaxial line. The input connections have 
since been changed to coaxial fittings. If :300-ohm 
line is used on the antenna system, more effective 
coupling can be made with a bazooka, for balanced 
to unbalanced coupling, as shown in Fig. 16-33. 

Adjustment and Operation 

A grounded-grid amplifier that is operating 
correctly should not be particularly critical in 
adjustment. With heater and plate voltages ap-
plied and the r.f. stage connected to the receiver 
with which it is to be used, the line should be 

Bend up-1 
S—Tube center line 

Bend dorn--1 
OUTER CONDUCTOR 

Bend doit—' 

Bend up—,  

[-L., END VIEW 
(As$embled) 

Fig. 16-31 — Flashing copper parts of the 420-Mc. tank 
circuits. The outer conductor (top sketch) is 10 inches 
long for the line using miniature tubes, or 12 inches for 
the pencil tube model. The middle drawing shows the 
bottom plate (left) and an end view of the assembled 
line. At the bottom left is the shielding fin used with 
the miniature tubes, and at the middle is one of the 
two plates needed for mounting the pencil tube. These 
plates should be tailored to fit the line assembly after 
it is bent up. They are soldered in place, two inches 
from the end of the trough. The right-hand plate is 
fastened in the end of the trough, the two holes being 
for the heater by-passes, C2 and CD. 



adjusted to resonance, as indicated by maximum 
signal and a slight noise peak. The point of con-
nection for the plate voltage should be checked 
by touching a pencil lead along the inner conduc-
tor and finding the point at which there is the 
least effect on the strength of the received signal. 
A good starting point is just toward the tube end 
of the line from the midpoint. The output cou-
pling loop should run close to the inner conductor 
for about one inch, beginning near the low r.f. 
voltage point. It can be moved toward the tube 
or the open end if more bandwidth is desired. 
There may be a tendency toward regeneration 

with the 6J4, when no antenna is connected, 
showing up as a sharp and pronounced noise 
peak at resonance. This effect was encountered 
when 300-ohm line was attached directly to the 
cathode, but disappeared when coaxial input and 
output coupling fittings were installed. Neutrali-
zation, if needed, can be accomplished by cou-
pling a small amount of energy from the plate 
back to the cathode, as indicated by Cg and L3 
in Fig. 16-29. The length of the loop in the plate 
portion of the line should be adjusted until 
neutralization is achieved. 
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Fig. 16-32 — Interior view of the r.f. amplifier units. A 
2-inch space at the left end takes care of the heater and 
cathode circuit.. When a miniature tube is used, as in 
the upper model, a shielding fin is fitted across the center 
of the tube socket. The pencil tube (lower unit) has its 
grid plane clamped between two copper plates. The inner 
conductor in each line is supported near its center 
with a polystyrene block. 

The 5675, 6AJ4 and 6J4 tubes are most suitable 
for this application, but other types, including the 
6AF4, 6F4, 6Al34 and 6J6 might be usable. It is 
possible that these types would require neutraliza. 

Coax 
1r Long 

300 ohm 
Input 

Coax 
Fining \ 

Fig. 16-33 — A bazooka for coupling into the .1.20- Mc. 
r.f. amplifier with 300-ohm transmission lines. Two 
pieces of any small coaxial line are needed, one of them 
a half-wave longer than the other. A 300-ohm balanced 
line may be connected to the left end. The inner con-
ductors are tied together at the other end, feeding into 
the hot terminal of a coaxial fitting. 

tion; however, as they do not have built-in 
shielding between cathode and plate. Lighthouse 
tubes work well in such circuits, hut their con-
struction requires revisions in design of the line. 
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V.H.F. Transmitters 
Beginning with the v.h.f. region, amateur 

frequency assignments are not in direct har-
monic relationship with our lower-frequency 
bands. This fact, coupled with the necessity 
for extreme care in selection and placement 
of components for low circuit capacitance and 
minimum lead inductance, makes it highly 
desirable to construet separate gear for v.h.f. 
work, rather than attempt to adapt for v.h.f. 
use a transmitter designed for the lower ama-
teur frequencies. 
Transmitter stability regulations for the 50-

Mc. band are the same as for lower bands, 
and proper design may make it possible to 
use the same rig for 50, 28, 21, and even 14 
Mc., but incorporation of 50 Mc. and higher 
in the usual multiband transmitter is gener-
ally not feasible. Rather, it is usually more 
satisfactory to combine 50 and 144 Mc., 
since the two bands are dose to a third-har-
monic relationship. At least the exciter portion 
of the transmitter may be made to cover the 
requirements for both these bands very readily. 
Though no stability rest rid ions are imposed 

by law on operation at 144 Mc. and higher 
amateur bands (other than that the entire 
emission must be kept within the limits of the 
band in question), experience has demon-
strated the value of using crystal control or its 
equivalent in v.h.f. work. Crystal-controlled 
transmit ters and receivers having the minimum 
bandwidth necessary for voice communication 
make it possible for hundreds of stations to 
operate without undue interference in a band 
that would appear cmwdee I if occupied by a 
dozen or less stations using broadband receivers 
and unstable transmitters. 
The use of narrow-band communications 

systems also pays off in the form of improved 
efficiency in both transmitter and receiver. It 
is this factor, perhaps more than the inter-
ference potentialities of the wide-band systems, 
which makes it desirable to employ advanced 
techniques at 220 and even 420 Mc. Stabilized 

transmitters for 220 Mc. are not too difficult 
to build, and their use at this frequency is 
highly recommended. 

Construction of multistage rigs for 420 Mc. 
is not easy, and the choice of tubes suitable 
for this type of work is quite limited, but the 
advanced amateur who is interested in making 
the most of the interesting possibilities afforded 
by this developing field will be satisfied with 
nothing less. The 420- Mc, band is much 
wider than our lower v.h.f. assignments, how-
ever, and interference is not likely to become a 
limiting factor in this band for a long time to 
come. Thus it may be more important, in 
many localities, to get activity rolling with 
any sort of gear, leaving perfection in design 
to come along as the need develops. 
At 420 Mc. and in the higher amateur as-

signments most standard tubes cannot be used 
with any degree of success, and special tubes 
designed for these frequencies must be em-
ployed. Thes: types have extremely close elec-
trode spacing, to reduce transit-time effects, 
and are constructed with leads having virtu-
ally no inductance. Several more-or-less con-
ventional tubes are now available which will 
operate with fair efficiency up to about 500 
Mc., but best performance is obtained with the 
"lighthouse," " pencil tube," or coaxial-electrode 
types built especially for u.h.f. applications, and 
requiring specially-designed tank circuits. 

Frequency modulation may be used through-
out the v.h.f. and higher bands, wide-band 
emission being permit led above 52.5 Mc. and 
narrow-band FM anywhere. Where suitable re-
ceivers are available to make best use of such 
emissions, either wide-band or narrow-band 
FM can provide effective v.h.f. communication. 
Their use is particularly advantageous in con-
gested areas where the freedom from interference 
to broadcast and television reception they enjoy 
may permit operation when an amplitude-modu-
lated transmitter of any power would be a con-
stant source of trouble. 

Transmitter Technique 
l'he low-power stages of a transmitter for the 

v.h.f. bands need not be greatly different in de-
sign from those used for lower bands, and many 
of the ideas in Chapter Six may be used to good 
advantage in the initial stages of the v.h.f. rig. 
The constructor has the choice of starting at some 
lower frequency, usually around 6, 8 or 12 Mc., 
multiplying to the operating frequency in one or 
more additional stages, or he can use a high 

initial frequency and thus reduce the number of 
multiplier stages required or eliminate them en-
tirely. The first approach has the virtue of em-
ploying low-cost crystals, and it usually results in 
better stability when methods other than crystal 
control are used, but high-frequency crystals may 
effect a considerable economy in power consump-
tion, an important factor in portable or emer-
gency-powered gear. 

385 
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A high starting frequency may be helpful in 
preventing TVI that can result from amplification 
of unwanted harmonics from a crystal oscillator 
on 6. 8 or 12 Mc. Several troublesome harmonics 
are eliminated if a crystal frequency of 24 Mc. 
or higher is used. 

• CRYSTAL OSCILLATORS 

Crystal oscillator stages for v.h.f. transmitters 
may make use of any of the circuits shown in 
Chapter 6, when crystals up to 12 Mc. are em-
ployed, but certain variations are helpful for 
higher frequencies. Crystals for 12 Mc. or higher 
are usually of the overtone variety. Their fre-
quency of oscillation is an approximate multiple 
of some lower frequency, for which the crystal is 
actually ground. Thus 24-Mc, crystals commonly 
used in 144-Mc. work are 8-Mc, cuts, specially 
treated for overtone characteristics. Until recent 
years such crystals were tricky in operation and 
subject to excessive drift if operated at high 
crystal current. The overtone crystals now being 
supplied are approximately as stable as those 
designed for fundamental operation, and they 
are easy to handle in properly designed circuits. 

Best results are usually obtained with overtone 
crystals if some regeneration is added. This makes 
for easy starting under load and greater output 
than would be obtainable in a simple triode or 
tetrode circuit. Two regenerative circuits, with 
constants for 24- or 25-Me, crystals, are shown 
in Fig. 17-1. Triodes are shown, but the same 
arrangement may be used with tetrode or pentode 
tubes. The important point in either case is the 
amount of regeneration. controlled by the posi-
tion and number of turns in the fecd-back wind-
ing, L2, in Fig. 17-1-A or the position of the tap on 
L1 in B. There should be only enough feed-back 
to assure easy crystal starting and satisfactory 
operation under load; too much will result in ran-
dom oscillation not under the control of the 
crystal. 

C3 

(A) (B) 

fig. 1 -1 — Regenerative crystal oscillator circuits for 
v.h.f. use. Feed-back is controlled by the position of La 
with respect to L1 in A, or by the position of the tap on 
L1 in B. Constants below are for 24 to 27 Mc. 

Ci — 50-aafd. variable. 
C2 — 0.005-afd. ceramic or mica. 
Ca — 25-mead. ceramic or mica. 
Iti — Decoupling resistor, 1000 to 5000 ohms, carbon. 
112 — Grid leak, to suit tube used. 
14 (A) — 18 turns No. 18, 1.à-incli dia., 1% inches long. 
1.2 (A) — 3 turns similar to A, mounted on same axis, 

about !., j, inch apart. 
Li (B) —  14 turns No. 18, /2-inch  dia., 1 inch long. Tap 

at about 4 turns (see text). 

C3 

78 or 12AT7 

Fig. 17-2 — The functions of crystal oscillator, cath-
ode follower and frequency multiplier are combined in 
this dual-triode circuit. The circuit Lin tunes to the de-
sired overtone frequency, and .L2C2 its second or third 
harmonic. I. should resonate with tube and crystal ca-
pacitance just below the frequency of oscillation. l'he 
value of the r.f. chokes in the cathode circuit is not 
critical. Values for obtaining 144-Mc. output with a 
24-Mc. (1-> stal are given below. 

CI — 20-mmfd. variable. 
C2 — 10-apfd. variable. 
Li — 5 turns No. 18, !?2'-inch diam., inch long. 
L2 — 2 turns No. 18, 12.-inclt diam., iZ inch long. 
La — 4 turns No. 18, ',!¡-inch diam., 4 inch long. 

Overtone operation is possible with standard 
fundamental-type crystals, using the circuits of 
Fig. 17-1. Practically all will oscillate on their 
third overtones, and. fifth and higher odd over-
tones may be possible. Adjustment of regenera-
tion is more critical, however, if the crystals are 
not ground for overtone characteristics. It should 
also be noted that the frequency may not be an 
exact multiple of that marked on the crystal 
holder, so care should be used in working with 
crystals that are near a band edge. 

Crystals ground for overtone service can be 
made to oscillate on other overtones than the one 
marked on the holder. A 24-Me. crystal, actually 
an 8-Mc. cut, may be made to oscillate on 40, 56, 
72 Mc. or even higher odd multiples of its 8-Mc. 
fundamental frequency. The circuits of Fig. 17-1 
may be used, but for high-order overtones the 
dual triode circuit of Fig. 17-2 is more reliable. 
Values for achieving 144-Mc, output with a 24-
Me. crystal (9th overtone instead of 3rd) are 
given. 
The crystal is resonated, by means of L3 con-

nected across it, at a frequency just below the 
desired overtone, or about 70 Mc. in this example. 
Circuit Lei tunes to the desired overtone, 72 
Mc.; L2C2 to a harmonic, in this case 144 Mc. 
Regeneration is controlled by varying the cou-
pling between L1 and L3, so that only crystal 
oscillation is developed. Polarity of these wind-
ings is important; bringing them closer should 
reduce the tendency to self oscillation. 

Crystals are now available for frequencies up 
to around 100 Mc. They are somewhat more 
expensive than those for 30 Mc. and lower, how-
ever, so they have not been used widely in ama-
teur work, except where a saving in power is 
important. Use of 50-Mc. crystals is made occa-
sionally as a means of preventing radiation of 
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the harmonies of lower frequency crystals that 
might cause interference to television recepf 

• FREQUENCY MULTIPLIERS 
Frequency multiplying stages in a v.h.f. trans-

mitter follow standard practice, the principal pre-
caution being arrangement of components for 
short lead length and minimum stray capacitance. 
This is particularly important at 141 Me. and 
higher. To reduce the possibility of radiation of 
oscillator harmonics on frequencies that might 
interfere with television or other services, the 
lowest satisfactory power level should be used. 
Low powered stages are easier to shield or filter, 
in case such steps become necessary. 
Common practice in v.h.f. exciter design is to 

make the tuned circuits capable of operation Over 
the whole range from 48 to 54 Mc., so that the 
output stage can drive either a 50-Mc. amplifier 
or a tripler from 48 to 144 Mc. Tripling is often 
done with push-pull stages, particularly when the 
output frequency is to be 144 Me. or higher. The 
output capacitances of the tubes in such a circuit 
are in series, permitting a better L/C ratio than 
is possible with single-ended circuits. 

• AMPLIFIERS 
Most transmitting tubes now used by ama-

teurs will work on 50 Mc., but for 144 Mc. and 
higher the tube types are limited to those having 
low input and output capacitances and compact 
physical structure. Leads must be as short as 
possible, and soldered connections should be 
avoided in high-powered circuits, where heating 
may be great enough to reach the melting point 
of the solder used. 

Plug-in coils and their associated sockets or 
jack bars are generally unsatisfactory for use at 
144 Mc. and higher because of the stray induct-
ance and capacitance they introduce. One way 
around this trouble is the dual tank circuit shown 
in Fig. 17-3. Here the tank circuit for 144 Mc. 
is a conventional tuned line, with its shorting bar 
made removable by plugs or clips. When the 
stage is to be used on another band the shorting 
bar is removed and a coil is plugged into the jack 
bar, the line then serving as a pair of plate leads. 

+H.V. 

Fig. 17-3 — An efficient two-band tank circuit for ;50 
and 144 Mc. For operation on 144 Mc. the shorting bar 
is plugged into the end of the line. For 50 Mc. a suitable 
tank coil is plugged into the jack bar. The line then 
serves merely as a pair of plate leads. RFC' is a 144-Mc. 
choke; RFC2 a 50-Mc. choke. The split-stator variable, 
Ct, tunes either circuit. 

o  

Output 

o  

SRFC 
otH11. 
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Fig. 174— Half-wave line tank circuit, for use at 220 
or 420 Mc., where tube and circuit capacitances prohibit 
the use of an ordinary tuned circuit. Plate voltage is fed 
into the line at the point of lowest r.f. voltage (see text). 

Such an arrangement will operate as efficiently 
on 144 Mc. as if it were designed for that band 
alone, yet it can be made to work properly on 
any lower band. 
At 220 Me. and higher it may be necessary to 

employ half-wave lines as tuned circuits, as shown 
in Fig. 17-4. Here the tuning capacitance, instead 
of being connected directly in parallel with the 

RFC' 

1'1 
115V. A.C. 

Output 

Fig. 174— Grounded-grid r.f. amplifier. Driving volt-
age is fed into the cathode circuit, with the control grids 
maintained at ground potential. 

output capacitance of the tube, is at the far 
end of a half-wave line. Plate voltage is fed into 
the line near the middle, at the point where the 
r.f. voltage is lowest. The proper point can be 
located by first operating the stage with the 
voltage fed in near the middle of the line, and 
then touching a pencil point along the line to 
locate the spot where the least effect on the grid 
or plate current is noted. This check should be 
made with the pencil in an insulating mount, if 
dangerous values of plate voltage are used. 

Neutralization of triode amplifiers for 50 and 
144 Mc. can follow standard practice, but the 
stray inductance and capacitance introduced by 
the neutralizing circuits may be excessive for 
220 Mc. and higher. In such instances grounded-
grid amplifiers may be used as shown in Fig. 
17-5. Driving power is applied to the cathode 
circuit, with the grid acting as a shield. Grounded-
grid amplifiers are stable, but they require high 
driving power. Some of the drive appears in 
the output, so both the driver and amplifier must 
be modulated when amplitude modulation is 
used. For this reason the grounded-grid amplifier 
is used mainly for FM applications. 

Tetrode and pentode amplifiers may operate 
without neutralization, but it is advisable to 



388 

Screen 
Voltage 

Fig. 17-h — Tuned ',en circuit for stabilizing a v.h.f. 
tetrode push-pull amplifier. C1 and Ce may be the two 
halves of a split-stator variable condenser, if the circuit 
is symmetrical electrically. The r.f. choke and condenser 
values vary with frequency, making this form of neu-
tralization essentially a one-band device. C3 should be 
about 0.001 aid. for v.h.f. applications. 

plan for it in the original layout. With such tubes 
as the 829 or 832 enough neutralizing capacitance 
can be obtained by running short lengths of stiff 
wire up through the chassis alongside the tube 
plates, crossing them over to the opposite grid 
terminals below the chassis. Neutralization is 
adjusted by trimming or bending the wires. 

Instability may show up in tetrode amplifiers 
as the result of ineffective screen by-passing, in 
which case conventional cross-over neutralization 
will accomplish little or nothing. The solution lies 
in series-resonating the screen circuits to ground, 
a.s shown in Fig. 17-6. A small split-stator variable 
can be used for C1 and C2 if the layout is com-
pletely symmetrical. The if, choke and con-
denser values vary with frequency, so screen neu-
tralization is essentially a one-band device. 

• FREQUENCY MODULATION 
Though FM has not enjoyed great popularity 

in v.h.f. operation, probably because of lack of 
suitable receivers in most v.h.f. stat ions, its possi-
bilities should not be overlooked, part i(ltlarly for 
the higher bands. At -120 Mc., for instance, the 
efficiency of most amplifiers is so low that it is 
often difficult to develop sufficient grid drive 
for proper AM service. With FM any amount 
of grid drive may be used without affecting the 
audio quality of the signal, and the modulation 
process adds nothing to the plate dissipation. 
Thus considerably higher power can be run with 
FM than with AM before damage to the tubes 
develops or the signal is of poor quality. 

Frequency modulation also simplifies transmit-
ter design. The principal obstacle to greater use 
of FM in v.h.f. work is the wide variation in 
selectivity of v.h.f. receivers, making it difficult 
for the operator to set up his deviation so that it 
will be satisfactory for all listeners. 

• TVI PREVENTION AND CURE 
Interference to television reception is not 

ordinarily so serious a problem ‘vit It v.h.f. gear 
as with equipment for lower amat cur bands, 
where more harmonics of the operating frequency 
fall within the television channels. The principal 
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causes of TVI from v.h.f. transmitters are as 
follows: 

1) Adjacent-channel interference in Channel 2 
from 50 Me. 

2) Fourth harmonic of 50 Me. in Channels 11, 
12 or 13, depending on the operating frequency. 

3) Radiation of unused harmonics of the 
oscillator or multiplier stages. Examples are 
9th harmonic of 6 Mc., and 7th harmonic of 
8 Mc. in Channel 2; 10th harmonic of 8 Me. in 
Channel 6; 7th harmonic of 25-Me, stages in 
Channel 7; 4th harmonic of 48-Me, stages in 
Channel 9 or 10; and many other combinations. 
This may include if. pick-up, as in the eases of 
24-Mc, interference in receivers having 21- Mc. 
i.f, systems, and 48-Me. trouble in 45- Me. 

4) Fundamental blocking effects, including 
modulation bars, usually found only in the lower 
channels, from 50-Mc. equipment. 

5) Image interference in Channel 2 from 144 
Mc., in receivers having a 45-Me. i.f. 

6) Sound interference (picture dear in some 
cases) resulting from r.f. pick-up by the audio 
circuits of the TV receiver. 
There are many other possibilil ies, and u.h.f. 

TV in general use will add to tile list, hut nearly 
all can be corrected completely, and the rest can 
be substantially reduced. 

Items 1, 4 and 5 are receiver faults, and nothing 
can be done at the transmitter to reduce them. 
except to lower the power or increase separation 
between the transmitting and TV antenna sys-
tems. Item 6 is also a receiver fault, but it can 
be alleviated at the transmitter by using FM or 
e. w. instead of AM phone. 
Treatment of the various harmonic troubles, 

Items 2 and 3, follows the standard methods 
detailed elsewhere in this Handbook. It is sug-
gested that the prospective builder of new v.h.f. 
equipment familiarize himself with Tv' preven-
tion techniques, and incorporate them in new 
construct ion projects. 
Use as high a starting frequency as possible, 

to reduce the number of harmonics that might 
cause trouble. Select crystal frequencies that do 
not have harmonics in TV channels in use locally. 
Example: The 10th harmonic of 8- Mc, cryst;ds 
used for operation in the low part of the 50- Me, 
band falls in Channel 6, but 6- Mc. crystals for 
the same frequency range have no harmonie in 
that channel. 

If TVI is a serious problem, use the lowest 
transmitter power that will do the job at hand. 
Much interesting work can be done on the v.h.f. 
bands with but a few watts output, particularly 
if a good antenna system is used. 
Keep the power in the multiplier and driver 

stages at the lowest practical level, and use link 
coupling in preference to capacitive coupling, 
particularly in the later stages. 

Plan for complete shielding and filtering of the 
r.f. sections of the transmitter, should these steps 
become necessary. 

Use coaxial line to feed the antenna system, and 
locate the radiating portion as far as possible 
from TV receivers and antenna systems. 
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A Complete Transmitter for 144 Through 21 Mc. 

The rack-mounted equipment shown in Fig. 
17-7 is an example of the way in which the low-
power stages of a rig can be designed to provide 
for several bands. Each piece of equipment can 
be used alone, or they combine readily to cover 
21, 28, 50 and 144 Mc., at a power level approach-
ing the legal maximum. 
At the bottom is a VFO unit tailored to the 

needs of the v.h.f. man, but useful on lower 
frequencies as well. Next is an exciter capable of 
up to 40 watts output on 21, 28 or 48 to 54 Mc. 
It is a fine low-powered rig for use on 15, 10 or 6 
meters as well. Above the exciter are two units 
designed for high-power operation on 144 and 
50 Mc. 

• THE EXCITER 

The transmitter-exciter shown in Figs. 17-8 
through 17-10 was designed for the v.h.f, man 
who likes to work some of the lower bands as well. 
It delivers up to 40 watts output on 21, 28 or 
50 Mc., and covers the range down to 48 Mc. so 
that it may be used as a source of excitation for 
additional stages that multiply to 144 Mc. 
Though it was intended for use with the high-
powered amplifiers described later, it 
may be used effectively as a com-
plete transmitter in itself. 

Shielding for TVI reduction was 
achieved by building the unit inside it 
standard aluminum ehassis. Each 
Power lead is by-passed at the power 
plug, and all wiring was done with 
shielded wire. Output is taken off 
through a coaxial fitting, so that a 
low-pass filter can be inserted in tliù 
line for harmonic attenuation if 
needed. 

Circuit Details 

The exciter circuit follows st a ni la r I 
practice throughout. The oscillator 
is a 5763 Tri-tet with provision for 
10 crystals and VFO input. Crys-

Fig. 17-7 — A complete trans-
mitter for 144 through 21 Mc. 
'I'he four units are, from the 
bottom up, a VFO with reac-
tance modulator; an exciter-
transmitter with up to 40 
watts output; a tripler-driver-
amplifier for 144 Mc.; and a 
shielded amplifier for 50, 28 
and 21 Mc, 

tals may be in the 3.5-, 6-, 7-, 8-, 14- or 24-Mc, 
ranges. On 21 Mc. the oscillator output is on 
the signal frequency, and best results are ob-
tained with 7-Mc, crystals, tripling in the plate 
circuit. For 28 Mc. the oscillator doubles to 14 
Mc. with 7-Mc, crystals, quadruples from 3.5 
Mc., or works straight through with 14-Mc. over-
tone crystals. For operation on 50 or 144 Mc., the 
oscillator output is on 24 to 27 Mc., quadrupling, 
tripling or working straight through, for 6-, 8-
or 24-Mc, crystals, respectively. The 100-pmfd. 
tuning capacitor at C6 tunes the oscillator plate 
circuit from 14 to 27 Mc., so no bandswitching 
is needed in this stage. 
Another 5763 follows the oscillator, working 

straight through on 21 Mc., or doubling to 28 
or 48 to 54 Mc. Two coils, L2 and 14, and a 
50-fflfd. condenser, C10, cover 21 to 30 Mc., and 
48 to 54 Me., respectively. In ease trouble is 
encountered in making the 5763 run stably as a 
21-Me, amplifier, a third switch position is avail-
able for connecting a damping resistor, 1?8, in 
series with L2. 
The output stage uses a 6146, with a tapped 

coil for 21 and 28 Mc., and a second coil for 
48 to 54 Mc. Output coupling links in these two 
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Fig. 17-8— Looking into the bandswitching exciter-transmitter from the top front. Oscillator components are in 
the left compartment, the doubler and power connector in the renter, and the output stage at the right. Note that 
the 61-16 socket is mounted inside the output stage compartment. 

coils are also switched. The 6146 works nicely 
over a wide range of plate voltages, so this rig 
may be used in exciter service with as little as 
300 volts on the final, or it may be used as a 
complete transmitter at up to 500 volts. A 2E26 
may be used in the final stage where its power 
output is adequate for the job at hand. 
The exciter is built largely inside a 3 X 5 X 17-

inch aluminum chassis and is fitted with a stand-
ard :33-inch rack panel. Only the crystals, the 
first two tubes and the filament transformer are 
outside, and these are mounted on the rear wall 
of t lie chassis to keep down the vertical dimension. 

Arrangement of parts is not particularly criti-
cal, the principal consideration in the first two 
stages being to mount the tubes in sueli position 
that the coupling lead (('25 to the grid of the 
second 5763) is short. The grid circuit of the 
second stage should be isolated from the rest of 
the components to reduce the tendency toward 
self-oscillation when the stage is operated straight 

through on 21 Nit.. The letu I to the grid is made 
with a short piere of HC-5t) U coax, run through 
a slot in the top of the partition, and a small 
piece of flashing copper is soldered across the 
5763 socket bet wren Pins 1 and to isolate t he 
input anti out eirnuits further. Le:His from the 
tube plate to the Irandswitch, and thence to 
the tuning comlenser, ('it, are matte nuit 
wide copper st rap, to hold down lete I induetattee. 
Note the method of mounting t Iti wket for 

the 6116. Contrary to common pram ire, this 
socket is mounted on the 1 Jibe side of t lie part it it 
Cathode, heater and screen pins ( Nt ts. I, 3, 4, 6 
and 7) are by-passed individually to separate 
points on the partition with the shortest possible 
leads. Heater :old cathode leads are brought 
through the partition with shielded wire, and the 
emit rol grid and screen leads are run through on 
short lengths of stiff wire insulated wit 11 spaghet t 
eleeving. Mounting the till° socket inside the 
final stage compartment provides a short plate-

Fig. 17-9 — Rear view of the exciter. On the rear wall at the right are 10 crystal sockets of various types. Then come 
the two 5763s, the power plug, the filament transformer, and the output coaxial fitting. On the inside front wall are, 
in the same order, the crystal switch, oscillator tuning, doubler bandsw itch, doubler tuning, and final bandswitch. 
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Fig. 17-10 — Schematic diagram of the bandswitching exciter. Dashed 
lines show the separation of components by the shield partitions. 

— 5-gmfd. ceramic or mica — see text. 
C2, C4, C5, C7. Cs, C9, C11, Cia, C14, C15, C16, C18, CI94 

C21), (:21, C22, C23, C24 — 0.001 dd. disk ceramic. 
C3 — 150-pmfd. mica or ceramic — see text. 
Ca — 100-umfd. midget variable, shaft-mounting type. 
Cio — 50-mgfd. midget variable, shaft-mounting type. 
C12 — 15-µpfd. mica or ceramic. 
C17 — 20-µpfd. doubly paced midget variable, shaft. 

mounting pc. 
C2s — 50-gad. cerami.• mica. 

114 — 0.1 inegolun, 2 Wa t t. 

112 — 220 ohms, !. watt. 
113, Rs — 22,000 ohms, 1 watt. 
Bs, 11 10 — 1000 ohms, ! (2 watt. 
117 — 100 ohms, watt. 
Rs — 7.5 ohms I watt (two 15-ohm 34watt resistors 

in parallel). 
Rs — 33,000 ohms, 1 watt. 
1111 — 20,000 ohms, 10 watts. 
1112 — 68 ohnis, m at I. 
— 8!/¡ turns N-o. 20 honed, 9-inch diam., h inch 

long (B & iniductor No. 3011). 
1.2 — 7 turns like /.1, % inch long. 
1,3 — 4 turns No. 20 tinned, 5 .inchu diam., h inch long 

(11 & 55 N0. 3006). 
— 2 turns No. 18 push-back, %-inch diam., coupled 

to cold end of /.3. 
Ls — 4 turns No. 20 tinned, 9_¡-inch diam., ),'¡ inch long 

to-cathode return. The stage may possibly be 
unstable if the socket is mounted on the opposite 
side of the partition from the tube, as is usually 
done. 
The three tuning condensers should be the 

shaft-mounting type, not the sort that mount on 
small pillars. Unless the rotor shaft is grounded 
solidly to the panel it will act as an " antenna" 
to radiate harmonic energy that is almost certain 
to cause TVI. The meter tip jacks, Jfi and J6, 
may also turn out to be harmonic radiators, unless 
by-passed right at the point where they come 
t hrougli the rear wall. 
The output coupling links, L6 and Lg, are the 

smallest diameter B Miniductor, which 
makes a close tit inside the larger size used for 
L5 and L7. They are held in place with household 
cement. A coupling link is also provided for L3, 
so that a small amount of power can be taken 
off at 48 Me. if desired. This is made of self-
supporting stiff insulated wire, coupled closely 
to the cold end of L3. 
Note that the front-panel appearance is com-

pletely synunetrical, the controls being spaced 
at regular intervals horizontally, and in the 
center of the panel vertically. The chassis is 

AMPLIFIER 
6146 

RFC2 

cfifi 

24 
y 

48-54 
MC 

7 

"=" Ly 

=C22 

e63 

21-30 
MC. 

L7 

Le 

S38 

R. 

TO 
PIN 6 

5783 6146 

(11.1 & W No. 3010). 
L6 turns No. 20 tinned, j,(2-inch diam., IA inch 

long, mounted inside cold end of La. (11 & W 
Miniductor No. 3003.) 

1.7 — 11 turns like LI, tapped at 7 turns, :14' inch long. 
Ls — 9 turns B & W No. 3004, 'A-itich diam., % inch 

long, mounted inside cold end of L7. 
JI, J2, J3 — Coaxial fitting. Ji is for VFO input. 
.14 — Closed-circuit jack. 
Js, is — Tip jack. 
J7 —  8-pin male cha -- la fitting. 
RFCi — 100-mh. r.f. choke (National R-100-5). 
RFC2 — Parasitic choke, 6 turns No. 20 enamel, h-inch 

tliam., h inch long. 
S1A, S18 ---- 1 I-position 2-section ceramic wafer switch. 

(Made from centralab P-122 index assembly and 
2 centralab type Y switch sections. Complete 
assembly CBI 2513.) 

52 — Similar to. above, but single section (CRL 2501 
on 2503, wafer type X or Y). 

S3A, S314 — Same but 2-pole 3-position single section 
(CRL 2505, wafer type 1111). 

Ti — 6.3-v. 3-amp. filament' transfornier. 

bottom up, with the cover at the top. This allows 
ready access to the inside when the unit is in its 
normal operating position, but it may be used the 
other side up, if the builder so desires. Ventilation 
of the 6146 is afforded by twenty 3d-inch holes 
drilled in the top and bottom surfaces over and 
under the tube. 

Testing and Use 

For initial tests a power supply delivering 200 
to 250 volts is adequate. Each stage has its plate-
screen power lead brought out to the plug sepa-
rately, so that individual metering is possible. 
Applying voltage through l'in 3, we note that the 
stage draws low current until oscillation is ob-
tained, because of the cathode bias. Plug a low-
range meter into J5 to read the grid current of 
the following stage, and tune C6 for maximum 
indication, which will be about 0.5 to 1 ma. at 
normal operating voltage. The oscillator plate-
screen current will be around 20 ma. 

Should the oscillator refuse to start, try other 
crystals, and then experiment with the values of 
C1 and C3. The grid-to-cathode capacitor, C1, 
may not be necessary, particularly if crystals no 
lower than 6 Mc. are used. Use the lowest value 
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that will permit oscillation with all crystals. The 
value of C3 may be critical when overtone-type 
crystals are used. Improper values at either of 
these positions may result in intermit tent oscilla-

tion, or none at all. 
Check the output frequency with a calibrated 

wavemeter, or by listening with a receiver whose 
calibration can be relied upon, and proceed to 
the following stage. Plug the grid meter into 
../1„ apply power through l'in 4, and clieck the 
output frequency when Cjo is tuned for maximum 
grid current. At least 2 nia. should be available. 
Check for self-oscillation by removing excitation. 
Should self-oscillation occur on the 2I-Me. range, 
switch in the damping resistor, Rg. This should 
be the lowest value permissible, as the output 
from the stage drops rapidly as the series resist-
ance is increased above a few ohms. 
When around 2 ma. of grid current is obtained 

the output stage may be checked. This may be 
done initially with 250 to 300 volts applied 
through Pins 5 and 6, using a 25-watt lamp plugged 
into J3 for a dummy load. Cutting the excitation 
(do it only briefly — 61168 draw a tremendous 
amount of plate current!) should result in zero 
grid current. If the stage is operating correctly 
the output should be around 15 watts with 3th 
volts on the plate. 

Inereasing to 400 to 450 volts it should be 
possible to get at least 35 watts output on all 
frequencies. In an enclosed layout of such small 
dimensions it is not advisable to go much beyond 
this level, as the heat dissipation may be high 
enough to damage the small coils used. Where 
the exciter is used to drive a high-powered tet rode 
final stage, 300 volts on the 61 Iti and 200 to 250 
volts on the 5763s is plenty. The rig may be 
used as a complete transmitter, modulating the 
out put stage on 28 or 50 Me., at 30 to 50 watts 
input. The operating conditions in all stages can 
be adjusted to suit the builder's own requirements 
by varying the screen resistor values:The exciter 
is keyed in the 6146 cathode lead for c.w. 
operat ion. 
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• A I44-MC. DRIVER-AMPLIFIER 
Shown just above the exciter in the composite 

photograph, Fig. 17-7, and separately in Figs. 
17-11 through 17-13 is a three-stage tripler-
driver-amplifier for high-pt over operation on lit 
Me. It may be used with any exciter th:tt is 
capable of delivering 5 watts or more on 48 Me. 
If a 2-meter exciter is available the tripler may 
be omitted. The driving power required in that 
case would be about 10 wat ts on 114 Mc. 

As may be seen from the schematic diagram, 
Fig. 17-12, a push-pull tripler stage with a pair of 
5763s drives a tetrode amplifier using an AX-
9903/5894A, which, in turn, drives a pair of 
4-125As in the final stage. Input to the final can 
be up to slightly over 600 watts on AM 'phone, 
or 750 watts on e.w. By suitable adjustment of 
the grid drive and the final-amplifier screen and 
plate voltages, the input can be run as low as 150 
watts with good efficiency. Some method of 
varying the input is recommended, as much of 
the operation on 144 Mc. can be carried on satis-
factorily with moderate power. 

Electrical and Mechanical Details 

The tripler uses two tul es in push-pull in 
preference to a single tube, as this allows the 
tubes to be operated at low input and still 
deliver adequate drive to the succeeding stagc 
without critical adjustments. The tripler grid 
circuit is self-resonant. The tripler and driver 
plate tuning adjustments are ganged. Straps of 
flashing copper 7,),¡i inch wide are used for the 
leads from the 5763 plates to the tuning con-
denser, C I, to hold down lead inductance. 
From the I sit torn view, Fig. 17-13, it will be 

seen that sheets of flashing copper are fastened 
to the bottom of the chassis, covering the area 
of the driver and final stages, to improve ground-
ing circuit conductivity. Note that the rotor of 
the driver tuning condenser, C2, is grounded 
through a 100-ohm resistor, Rb. This was done 
to cure a 250-Me. parasitic oscillation. Ventila-

Fig. 17-11 - -• Hear . iew tif 
the .4-125A amplifier for 
Ill showing details 
of the parallel ine plate 
circuit. The 5Tti:t tripler 
tithes are at the left. Note 
ventilati nn holes, helow 
which is mounted the 
driver tube, out of sight 
under the chassis. 
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Fig. 17-12 — Wiring diagram and parts list for the high-powered 144-Mc. transmitter. 

CI, C2 10-ssfd.-per-section butterfly variable (Card-
well ER-6-11F/S. Johnson 101.1115 alternate; see 
text). 

C3, C4 - 10-ssfd. mica. 
Cs, Co — 0.001-sfd. disk ceramic. 
C7 — 0.005-sfd. disk ceramic. 
Cs — 50-ssfd.-per-section split-stator variable (made 

from Millen 19140; see text). 
C5 — Plate-line tuning adjustment (made from neu-

tralizing condenser; see text). 
Cio — 0.001-sfd. 5000-volt mica. 
Cn — 0.25-sfd. tubular. 
— 150,000 ohms, I watt. 

112 — 18,000 ohms, 1 watt. 
113 — 100 ohms, 3, watt. 
114 — 10,000 ohms, 1 watt. 
Rs — 100 ohms, 1 watt. 
Its — 10,000 ohms, 10 watts. 
R7 — 5000 ohms, 10 watts. 
Ils — 27,000 ohms. Use only if needed; see text. 
— 1 turn No. 14 enam., 3%-inch diam. 

1.2 — 6 turns each side of center, No. 20, 5/8-inch diam., 
spaced wire diem., N.inch space at center for 
L1 (B & W Miniductor No. 3007). 

1.3— 2 turns No. 14 enam., spaced N inch, 3/2-inch 
diem. 

L. — 2 turns No. 14 enam., spaced N inch, 1N-incIii 
diam. 

tion for the driver tube is provided by drilling 
holes through the copper plate and chassis over 
the tube. An 829B may be used in place of the 
9903/5894A, with some sacrifice in driver stage 
efficiency. 

If the 9903 is used, the tube plate leads should 
be very pliable material, as the tube structure is 
fragile. The 5894A, an improved version of the 
9903, is considerably more rugged mechanically. 
If standard heat-dissipating connectors are used 
they should be filed down by about one-third 
of their diameter because of the close pin spar-
ing. Cardwell butterfly capacitors were tid 
for C1 and C2 because of their inherent pro-
vision for ganging. Other types such as the 
Johnson 10LB15 can be substituted by soldering 
a ganging extension to the rear end of the rotor 
shaft of C2. 
The driver plate and final grid circuits are 

widely separated so that coupling between them 
will be confined to the link circuit. This helps to 
keep unwanted harmonics from being transferred 
to the final grids. This potential source of TV! 
can be further reduced by installing link-coupled 
tuned circuits in the tripler plate and driver grid 
positions, if the station local j. m is one where 
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4-125 A J5 
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L5 — 2 turns No. 18 push-back, close-spaced, inserted 
between turns of L4. 

Lo — Loop of No. 14 enam., 4 inches long, inside L7. 
L7 — Copper strap '14 inch wide and 8 inches overall 

from grid to grid; see text and bottom-view 
photograph. 

Ls — Plate line, N-inch o.d. copper tubing 12 inches 
long, spaced 1N inches center-to-center. Bend 
on 1-inch radius to make inverted "L" 44/2' 
inches high. 

L3 Output coupling loop, made from 13%-inch piece 
of No. 14 enam. Sides inch spaced. Vertical 
portion 23/2 inches high. 

Lie — 5-hy. (min.) choke, 100 ma, or more rating. 
JI, 12, 13 — Closed-circuit jack. 
14 — Coaxial fitting. 
Js — Crystal socket for output terminal. 
MAI, MA2, MA3, MA4 — External meters, not shown 

in photographs, 200, 50, 100 and 500 ma., re-
specti4 elv. 

RFC', RFC2, RÉC3, RFC4, RFC7 — 1.8-shy, solenoid 
v.h.f. choke (Ohmite Z-144). 

RFCs, RFC6 — 7-phy. solenoid v.h.f. choke (Ohmite 
Z-50). 

SI, S2 — S.p.s.t. toggle switch. 
— 6.3-volt 4-amp. filament transformer. 

T2 — 5-volt 13-amp. filament transformer (Chicago 
FO-513). 

e2-Mc. energy might cause TV! in Channels 
9 or 10. 
The relatively high input and output capac-

itances of the 4-125As rule out conventional 
coil-and-condenser circuits at 144 Mc., so no 
grid tuning capacitor is used in the final stage, 
and only a very small variable capacitance is 
used in the plate circuit. The entire grid circuit 
is made of (6-inch-wide copper strap. Two 
pieces each 1 inches long connect the grid 
terminals to feed-through bushings that are 
provided for mounting neutralizing tabs, if 
needed. The center portion of the grid circuit is 
an egg-shaped loop mounted on the feed-throughs, 
as seen in the bottom view. The bushings are 
mounted near the inner corners of the 4-125A 
sockets. The holes for them are drilled larger 
than needed to pass the ceramic portions, to keep 
the grid-to-ground capacitance at a minimum. 
The principal neutralizing adjustment is the 

split-stator variable condenser, C8, connected 
from the screens to ground. A single-section 
variable (Millen 19140 or Hammarlund MC- I40) 
having supports at each end of the rotor shaft 
was modified for this purpose as these types 
provide a symmetrical path from rotor to ground 
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for each side of the circuit. A strip of brass or 
aluminum is first screwed to the metal mounting 
brackets at each end, tying them together elec-
trically and mechanically. Then the stator bars 
are sawed in half, leaving an equal number of 
plates on each side. These condensers have 9 
plates each on stator and rotor originally. The 
middle stator plate is eut out and the front rotor 
plate removed, leaving a split-stator condenser 
with 4 plates on each stator and 8 on the rotor. 
The two screen terminals on each socket are 
strapped together, and the connection to the 
stators of Cg is made with copper strap. Sym-
metry and low inductance are extremely important 
in this circuit. 
The screen circuit also includes two solenoid-

type r.f. chokes connected directly to the screen 
terminals. These are under Cg and do not show 
in the bottom view. Their common connection is 
by-passed, and a small filter choke is connected 
in the screen voltage lead for modulation pur-
poses. The screen variable capacitor is driven 
through two universal joint couplings to bring the 
drive shaft out to a point that provides a pleasing 
front panel appearance. 

Fixed bias for the final stage is provided with-
out use of batteries or an external supply by 
inserting a voltage regulator tube in series 
with the grid leak and by-passing the tube with 
a low-leakage capacitor. When the gas tube fires 
with application of excitation, C11 charges. 
Removing excitation stops the current flow 
through the VR tube and leaves the charge in 
C11 applied to the 4-125A grids. This cuts off the 
plate and screen current until the charge in C11 
leaks off. The eut-off time varies with the leakage 
characteristics of C11 and associated components, 
and some experimentation may be necessary. An 
external bias source of 90 volts or more may, of 
course, be substituted. 
The construction of the final plate circuit is 

obvious from the top-view photograph. The tun-
ing device, Cg, is made from parts of a standard 
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Fig. 17-13 — Looking 
under the chassis of 
the high-power 2-me-
ter rig. At the lower 
right are the compo-
nents of the tripler 
stage, with the \\ 
9903 driver tub, 
above the Amino.. 
partition. The •1-1 .2.\ 
sockets, grid circuit, 
and screen-neutraliza-
tion capacitor are at 
the left. The V It -tube 
bias system is mounted 
on the rear chassis 
wall. 

neutralizing capacitor (Millen 15011) mounted 
on 4-inch ceramic stand-offs ( National GS-4) in 
the renter of the chassis. The lead screw on the 
adjustable plate is extended by means of a short 
length of %-inch diameter brass rod soldered to 
its end, and this is connected through an in-
sulating coupling and a polystyrene rod to a 
knob on the front panel. This tuning arrange-
ment provides no logging scale or reset indicator 
of any sort, but it results in a very worth-while 
improvement in tank-circuit efficiency over con-
ventional tuning methods. 
The copper tubing tank circuit is mounted in 

place by means of straps of aluminum wrapped 
around the lines and fastened to the top of the 
stand-offs. Connection to the tube plates is made 
with 3%-inch-wide copper straps that are bolted 
to the plate lines. No solder is used anywhere in 
this plate line assembly; the heat dissipated at 
the tube end of the line would be sufficient to 
melt soldered connections. The heat-dissipating 
connectors for the 4-125A plates were cut down 
to four fins high to reduce plate lead length. Just 
beyond the stand-off insulators and Cg the plate 
lines are bent to a vertical position around a 
radius of about one inch, the bottom of the line 
ending about a half inch above the chassis. Here 
an adjustable strap of flashing copper is wrapped 
around the lines, and an r.f. choke is connected 
through a lug to a feed-through bushing carrying 
the high-voltage d.c. The by-pass, C10, is under 
the chassis. 

Details of the antenna coupling loop are visible 
in the top view. The pick-up loop is made ad-
justable by mounting it through a polystyrene 
rod that can be rotated from the front panel. 
This rod passes through a shaft bearing and a 
tension adjusting device ( National SB and Millen 
10061) mounted on a small aluminum bracket. 
Note that a short length of rod is fastened at the 
top of the loop, so that no adjustment of the 
coupling will allow it to come in contact with the 
line electrically. 
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Adjustment and Operation 

This rig contains its own filament transformer 
so only plate and screen supplies are external. 
These should be capable of furnishing 250 volts at 
75 ma. for the tripler, 400 volts at 200 ma. for 
the driver, 300 to 400 volts at 75 ma. for the final 
screens, and 1000 to 2000 volts at 400 ma. for 
the amplifier plates. The screens of the final and 
the driver plates may be run from the same supply, 
though a more flexible set-up is possible if the 
voltage applied to the final screens is adjustable 
separately. 
The tripler should be tuned up first. Plug a low-

range milliammeter in the tripler grid current 
jack, J1, and apply grid drive through a coaxial 
cable and J4. Adjust the spacing between the 
two halves of the grid coil, L2, and the position 
of LI, for maximum grid current. This should 
be 1 to 2 ma. Transfer the meter to the driver 
grid jack, J2, and apply plate voltage through 
R3, tuning C1 for maximum grid current, which 
should be between 3 and 5 ma. The inductance 
of L3 should be adjusted so that the low end of 
the band is reached with CI set somewhere 
between the mid-point and the maximum end of 
its range. Total plate-sereen current to the 57638 
need not be more than about 50 ma. 

Next, tune C2 through resonance and note 
whether the grid current changes. Should it dip 
down at resonance the stage will require neutral-
ization. This is unlikely with the 9903 or 5894A, 
however, as these tubes are designed to be in-
herently neutralized at frequencies around 150 
Mc. Next, plug a 200-ma. meter into J3, or con-
nect one externally in series with the plate-screen 
supply, as shown in Fig. 17-12, and apply plate 
voltage, preferably with a lamp load coupled to 
Lg. If the stage is working correctly, it should be 
possible to light a 40-watt lamp to full brilliance. 
Check for self-oscillation by removing excitation 
briefly. To protect the driver tube, it might be 
well to make these initial tests at 250 volts or so, 
increasing to 400 to 500 volts only when the stage 
is found to be working correctly. 

Next, couple the output from the driver stage 
to the grid circuit of the final, by means of a 
coaxial cable and Lg and Lg. The latter should 
be the same general shape as L7, and mounted 
inside or just above it, with about Vs-inch 
separation. The resonant frequency of the grid 
circuit can be changed slightly by altering the 
shape of the grid inductance. Squeezing the sides 
together raises the frequency: making the tank 
more nearly round lowers it. When the circuit is 
properly resonated, it should be possible to 
develop 25 to 30 ma. grid current, measured in 
series with the \TR tube and ground (3/212 in 
Fig. 1). The setting of the screen-to-ground 
capacitor, C8, will affect the grid current, but 
it may be set approximately to the proper point 
by adjusting it for maximum grid current with 
the plate voltage off. The total plate and screen 
current should be 175 to 200 ma. When the cou-
pling loops at both ends of the coax have been 
adjusted so as to give maximum grid current, 

adjust the turn spacing of Lg so that its tuning 
capacitance will be the same as that of C1. The 
two condensers may then be ganged by means of 
flexible couplings and an insulating shaft. 
Now connect a 100-watt lamp at the output 

terminals and apply about 500 volts to the final 
plates and 200 or less to the screens, metering 
both circuits as shown in the schematic diagram. 
Adjust Cg for maximum output, watching the 
grid and plate meters. Move the setting of the 
screen adjustment in small steps until maximum 
output, minimum plate current, and maximum 
grid current all occur at the same setting of the 
plate tuning. This is the screen adjustment at 
which the amplifier will operate most stably. 
Neutralization can also be done by running the 
amplifier without excitation, adjusting Cg until 
there is no evidence of oscillation, but this gives 
a broader indication than the first method. 

Should it be impossible to achieve complete 
stability by the screen adjustment alone, it may 
be necessary to add grid-plate capacitance by 
mounting stiff wires or tabs on the feed-through 
bushings. In this amplifier, the capacitance 
added by t he feed-through rods alone was just 
about the right amount, however. This is not the 
conventional cross-over neutralization, but rather 
additional grid-plate capacitance. The amount of 
capacitance added is adjusted in the same way 
as for triode neutralizing circuits of the crossover 
type. 
Once the amplifier is stabilized at low voltages, 

proceed to final checks at normal plate and 
screen operating conditions. A suitable load for 
high-power tests is something of a problem, as no 
lamp combination represents a load that simu-
lates an antenna system at this frequency. A fair 
load can be made, however, by connecting three 
or four 100-watt lamps in parallel. Lamps larger 
than the 100-watt variety are useless for load 
purposes, as they tend to develop filament hot 
spots and burn out before reaching anything like 
normal brilliance. 
A method of varying the screen voltage con-

tinuously is extremely useful at this juncture, 
as the final tubes can be made to draw any desired 
plate current by suitable variation of the screen 
voltage. Screen dissipation should be watched 
closely to see that it does not run much over 20 
watts in plate-modulated service or 30 watts on 
c.w., and it is strongly recommended that a 
screen-current meter be made a permanent part 
of the metering system. Efficient operation is 
possible over a range of 800 to 2500 volts on the 
plates. 
The tetrode amplifier with separate screen 

voltage supply should never be operated without 
load, or with no plate voltage applied. Screen dis-
sipation is certain to be excessive in either case 
and tube damage or failure i:, invited. 

Tests with the lamp load should be monitored 
for freedom from modulation. With some types 
of chokes for L10, there may be a tendency to 
oscillation at some audible frequency. Should this 
develop, it can be damped by loading the choke 
slightly with a resistor, as shown by R8 in Fig. 



396 CHAPTER 17 

17-12. The highest value of resistance that will 
stop the oscillation should be used, if any is 
necessary. Substituting another choke is a better 
method. It should have a minimum of 5 henrys 
inductance, but a wide variety of small filter 
chokes may be satisfactory. 

In general the manufacturer's typical operating 
conditions for the 4-125As can be followed with 
good results, but many variations are possible. 
In v.h.f. work tliere is no need to run high power 
at all times, so provision should be made to drop 
the plate and sire( n voltages. Efficient operation 
at plate voltages as low as 800 is possible, if the 
screen voltage is altered in proportion. Consider-
able latitude in grid drive is also possible. The 
principal precauti,n io see that none of the 
tube elements is 03)! d above the maximum 
safe dissipation given in the manufacturer's 
literature. 

• A FINAL AMPLIFIER FOR 50, 28 
AND 21 MC. 

The top unit in the rack of vii. f. equipment, 
Fig. 17-7, shown in detail in Figs. 17-14 through 
17-16, is a high-powered companion to the exciter 
descrilied earlier. It covers the same three bands, 
wit h t maxiinum power rating of 600 watts input 
on AM 'phone, or 800 on c.w., and may be used 
with any exciter capable of delivering 15 to 25 
watts output in the proper frequency range. 
It is einnplet ely shielded, for TVI reduction, and 
may lie changed front band to band without 
opening the enclosure. 
The plate circuit is a pi net work, with a va-

riable inductor as the main element. Conven-
tional bandswitching is employed in the grid 
circuit. Parasitic suppression and neutralizing 
methods are the principal departures from famil-
iar practice. The aluminum enclosure calls for 
forced-air cooling. 

Electrical and Mechanical Features 

Looking into the top of the amplifier, as in 
Fig. 17-14, we see the 4-250A tetrode tube at the 
left. Just below it is the neutralizing capacitor. 
At the center of the chassis is the input tuning 
condenser, C2, of the pi-network tank circuit, 
with the variable inductor at its right. The 
variable condenser at the far right is the output 
condenser, Cis. The small components to the 
right of the tube comprise the parasitic suppres-
sion circuit. The coupling capacitor, Cs, and the 
50-Me. auxiliary coil, Lg, are near the center of 
the photograph. Grid-circuit components are 
visible in the bottom view, along with the fila-
ment transformer, cooling fan, and modulation 
choke. 

In order to obtain a satisfactory tuning range 
and minimum stray inductance, a large neutral-
izing-type condenser is used for tuning the input 
to the pi-network plate circuit. The capacity 
range is about 5 to 20 nnfd. The output tuning 
range needed for C10 is roughly 50 to 150 nixfd., 
so a conventional transmitting variable may be 
used. With a properly matched load the r. f. 
voltage across J2 is low, and a plate spacing of 
0.047 inch is adequate, even with high power. 
The variable inductor assembly has consider-

able stray capacitance, which would make it 

Fig. 17.1.1 - Looking inside the 3-band amplifier. Note the neutralizing condenser used for tuning the in-
put to the pi-network tank circuit. The small air-wound coil, center, is the 50-Me, portion of the tank, Lg. 



V.H.F. TRANSMITTERS 397 

50 Mc. 

LI 

L2 

Ci2 

AMP 

21 OR 
28 Mc 

150 V.+ - 
-400 V. 
-H. V. 

Fig. 17-15 — Schematic diagram and parts list for the 4-250.4 amplifier. 
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C1 — 220-pad. silver mica. 
C2 — 30-mafd. miniature variable, double-spaced (11am-

m arlund 11 F-30.N. shaft-mounted). 
Cs, CI, C6„ C6, Cl2, Ci3, C14, C15 — 0.001-mfd. disk 

ceramic. 
C7, Cs, Ciii — 500-55M. 10,000-volt ceramic (Centralab 

TV3-501). 
C9 — 5-20-upftl. disk-type variable (National NC-500 

neutralizing condenser, with mounting bracket 
re % cried). 

Cio — 200-aufd. variable, 0.047-inch spacing (National 
'FM K-200). 

C11 — 3-30-aafd. mica trimmer. 
Cs, — 2-8-aafil. neutralizing condenser (National NC. 

80)) \ 
111 — 10,000 ohms, 5 watts. 
112 -- See te• t -- use only if needed. 
113 — ppro‘imately 100 ohms. 6 watts ( three 330-ohm 

at t resistors in parallel). 
Li — 232 turns No. 20 tinned, diam.; turns 

spaced inch (11 & W Miniductor No. 3010). 

impossible to develop proper circuit Q at 50 Mc. 
if the variable coil alone were used, so a small air-
wound coil, L9, is connected ahead of the variable 
unit. Its inductance is such that only a small 
portion (one turn or less) of Lg is used at 50 Mc. 

Parallel feed of the high voltage, through 
/?/eC2, permits the tank circuit to be operated 
with no d.c. applied to its components. The 
purpose of Rin is to provide a path to ground 
for the high voltage in case Cg should break down. 
The coils L5 and L6, the capacitor Cm  and the 
resistor kg comprise a parasitic-suppression cir-
cuit that will be discussed later. 
The grid eircuit is largely self-explanatory, 

with the possible exception of the neutralizing 
method used. C1 and C17 make up a capacity 
bridge, by means of which energy is fed back into 
the grid circuit from the plate. In this method, 
C1 has a critical value. It should be such that the 
amplifier can be neutralized with Cri at approxi-
mately the midpoint of its range. It is possible 
that some variation in layout might eliminate 
the need for neutralization, though provision 

CI5 I CI8 
1-a.. 

' + + 1000 
400V. To 3000 V. 

L2 — 4 turns 11 & W No. 3004 cemented inside cold end 
of 14. 

14-8 turns No. 20 tinned, :l4"-inell diam., 9 inch long, 
tapped at 6 turns (No. till 

L1 — 7 turns B & V. No. 3001 cemented inside cold end 
of /. 3. 

L5 - 3 turns No. 16 tinned, spaced inch, on /I 2-inch 
diam. ceramic stand-off, 1 inch long. 

1.6 — 2 turns similar to L5, and about WI inch away from 
it on sanie form. 

1.7 — 10-by. 100-ma. filter choke. 
1,9 — 4 turns No. 14 tinned, 5 -inch diam., spaced 1/ii 

inch. 
114, — 6.2-5h. variable inductor (B tii V. No. 3851). 
B; — Blower motor and fan % Hied Catalog Nos. 72-702 

and 72-703). 
Jt..12 — Coaxial fitting, female. 
RITA, RFC2, 11FC.3 — 20-ah r.f. choke (Ohmite Z-28). 
SIA, SIB — 2-pole 3-position ceramic wafer switch (Cen-

tralab 2505. wafer ti pd. M ). 
S2 - Single-pole single-throm toggle switch. 

should he made for it when the amplifier is built. 
Note that the 4-250A socket is mounted above 

the chassis, with the control grid toward the front. 
It is raised so that the prongs just clear the 
chassis. Each contact, with the exception of the 
control grid, is then by-passed individually to 
the chassis with the shortest possible leads. 
The screen voltage is obtained from a separate 

source, in preference to the use of a dropping 
resistor connected to the plate supply. The 
modulation choke, L7, should have a minimum of 
10 henrys inductance, and a current-carrying 
capacity of about twice the expected screen 
current. The resistor connected across the choke 
should be added only if needed to suppress 
"singing" resulting from choke resonance in the 
audio range. It should be the highest value that 
will stop such tone modulation of the transmitted 
signal. 
Arrangement of parts should be such that ri. 

leads are short, and copper or silver strap should 
be used in preference to wire in r.f. circuits wher-
ever it is mechanically feasible. The by-pass, C7, 



398 
and the blocking capacitor, C8, are high-voltage 
ceramic units of the type used in TV receiver 
power supplies. The parasitic-suppression circuit 
and the parallel-feed r.f. choke are mounted on 
a ceramic pillar made from two 3-inch stand-off 
insulators. The r.f. choke should be as far from 
the tube envelope as possible, to prevent blister-
ing of the paint by heat radiated from the tube. 
The filament transformer, modulation choke, 

grid-circuit components and cooling fan are 
mounted below the chassis, which is a standard 
3 X 10 X 17-inch job. The fan may be placed 
at any point where the blades can rotate close to 
an intake hole. If this is not possible, a duet just 
larger than the area of the fan blades can be 
used to channel the air to the fan. The blades 
must be bent so that air will be drawn inward. 
Holes in the chassis just below the tube socket 
and in the top cover over the tube provide the 
only air path out of the enclosure. Any other 
holes should be plugged, and the shielding of the 
upper portion of the amplifier should make a good 
fit to the chassis. Circulation may be checked by 
placing a smoke source near the intake hole. 
The smoke should be drawn in rapidly, flowing 
out through the top holes only. A light piece of 
paper placed over the holes in the top cover 
should rise perceptibly when the ran is started. 
The shielding of the main assembly is made in 

four pieces, fitted to the front, back and sides 
of the chassis. The edges are folded over three 
quarters of an inch and drilled and tapped, or the 
assembly may be made with self-tapping screws. 
The entire job should make good contact elec-
trically and mechanically, if cooling and TVI 
prevention measures are to be effective. 

CHAPTER 17 

Adjustment and Operation 

Initial tests may be made on the amplifier with 
the parasitic suppression and neutralizing circuits 
omitted, though both will probably be needed. 
Start with resistor bias only, as instability will 
be more evident if the plate current is not cut off 
in the absence of excitation. The plate and screen 
voltages should be such that the dissipation by 
these elements is below the permissible maximum 
for the tube. A suitable load for the first tests can 
be made by connecting three 100-watt lamps in 
parallel at J2. 
With a 25- or 50-ma. meter connected between 

R1 and ground, apply plate and screen voltages 
(but not grid drive) and watch for signs of grid 
current. If any appears it will indicate oscillation, 
either a v.h.f, parasitic, or tuned-plate tuned-grid 
feed-back near the operating frequency. If a 
v.h.f. parasitic is encountered, it can be suppressed 
with the LCR combination shown in the 
schematic diagram. L6 and C11 tune to the 
parasitic frequency. L5 should be as low induct-
ance as possible, in order to keep the frequency 
of the parasitic high. The lower the parasitic 
frequency the greater will be the 50-Mc. energy 
dissipated in the suppression circuit. With the 
values given in the parts list there is no over-
heating of the resistors by dissipation of 50-Mc. 
energy, yet the loading at the parasitic fre-
quency is sufficient to prevent oscillations from 
starting up, if the tuning of Cu and the coupling 
between L5 and L6 are adjusted carefully. 
A check on the need for neutralization may be 

made by operating the amplifier normally and 
observing the grid and plate currents simul-

Fig. 17-16— Bottom tless of 
the amplifier for SO, 28 and 21 
Mr., with bottom cover re-
moved. Note method of 
ttttttt nting the ventilating fan. 
The chassis should be made as 
nearly airtight a. possible. ex-
cept for the fan hole and holes 
drilled under the tube socket. 
Air is thus drawn in through 
the base and forced up around 
the base seal of the tube, 
leaving through holes in the 
top cover. 



V.H.F. TRANSMITTERS 399 
taneously. Maximum grid current and minimum 
plate current should occur at the same setting of 
Cg. If the grid current rises as the plate circuit is 
tuned to the high-frequency side of resonancè, 
more neutralizing capacitance is needed. If 
neutralization cannot be achieved at any setting 
of C17 it may be necessary to use a different 
value of capacitance at C1. Perfect neutralization 
may not be possible on all three bands with one 
setting of C17, but it should be possible to find a 
satisfactory compromise. 
With the amplifier operating stably, actual 

on-the-air conditions can be set up. The typical 
operating conditions given by the tube manu-
facturer can be used as a guide, but any of the 
values can be varied considerably, provided the 
maximum safe figure for each of the tube ele-
ments is not exceeded. Thus it may be desirable 
to lower the grid bias when operating at low plate 
voltage, in order to get the amplifier to draw more 
plate current. As little as 1000 volts on the plate 
works well, provided that the grid drive and 
screen voltage are properly altered. 

If the antenna system has an open-wire or 
other balanced line, the output of the amplifier 
should be fed through an antenna coupler that 
provides for coaxial input and balanced out put. 
A low-pass filter can then be used, if needed, 
between the amplifier and the antenna coupler, 
to reduce harmonic radiation that might cause 
TVI. 
Though the adjustments are not critical, there 

are certain optimum values of Cg and Lg. Their 
selection is explained in the discussion of tank 
circuit Q elsewhere in this Handbook. Capacitance 
required at Cg will be of the order of 7 to 12 /Add. 
for 50 Me., 10 to 15 for 28 Mc., and around 20 
mpfd. for 21 Mc. This will be nearly " all out" for 
50 Mc., near the midpoint for 28, and down to 
about Yi inch for 21. The variable coil can be 
adjusted for resonance for each band, and the 
approximate number of turns required can be 
logged for future reference. Logging of settings 

for Cg can be done similarly. Adjustment of the 
variable coil should be made at low power level, 
to avoid arcing at the contact surface and pos-
sible damage to the roller and coil. 
The capacitance needed at C10 will be about 50 

i.tmfd for 50 Mc., 100 for 28 and 150 for 21 Mc. 
Adjustment of this control is similar to the use of 
the familiar swinging link. It is an output coupling 
adjustment only, and either Lg or Cg should be 
reset for resonance whenever C10 is varied. 
Adjustment should be made with a standing-
wave bridge connected in the coaxial line between 
J2 and the antenna coupler, taking care to see 
that the load is properly matched. 

• A V.H.F. MAN'S VFO 
The frequency-control unit shown in Figs. 17-7 

and 17-17-17-19 is designed for the vhf. oper-
ator, though it may be used on all bands from 
3.5 Mc. up as well. When used with the other 
equipment described in these pages it converts 
the crystal oscillator stage of the exciter to a 
frequency multiplier. The VFO unit has a speech 
amplifier and a reactance modulator for narrow-
band FM built in. 
The oscillator is a 5763, with a series-tuned 

Colpitts circuit having a tuning range of 3000 
to 4(XX) kc. Its plate circuit is untuned, and the 
output is fed to another 5763 that serves as either 
amplifier or doubler. The plate circuit of the 
second stage may be tuned to the oscillator fre-
quency or to its second harmonic. 
With the values given in the parts list, one 

sweep of the vernier dial tunes the oscillator from 
3000 to 3713 kc., with a little leeway at each end. 
The second stage is normally tuned from 6000 to 
7425 kc., taking care of the 21-, 27-, 28-, 50- and 
144-Mc, requirements of the complete station as 
desired. By resetting the band-set condenser, C29 
slightly the oscillator range can be extended to 
4000 lie., permitting use of the VFO over the en-
tire 3.5-Mc, band, as well as the 7- and 14-Me. 
bands if the user so desires. 

Fig. 17-17 — Top view of the VFO unit, with cover removed. Speech-amplifier and reactance-modulator com-
ponents are at the right, with the oscillator tuning condenser and coil near the center. An aluminum partition 
divides the oscillator socket. The amplifier stage is at the left end. 
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3000-4000 Kc. 

CI 

TO +150 V 
REGULATED 

+200 To 300 V 

5763 6656 
5763 6656 

RFC4 

—H.V. + 150 V. 
REGULATED 

Fig. F7-18 — schematic diagram and parts list for the VEO and reactance modulator. 

CI, C2 — 50-aufd. variable with rotor hearing at each 
end of shaft (Ilammarlund MC-50). Remove 
plates in CI for desired bandspread — see text. 

C3, C4 — 680.µµ1.11. silver mica. 
Co, C15, CI 8 — 47-mpfd. silver mica. 
Cs, Cs, c9, c11,Co, CI7 0.01-pfd disk ceramic. 
C7 — 25-0fflfd. ceramic or mica. 
Cut — 140-$4fd. variable (liammarlund MC-140). 
Cl2, cl4, c15 — 0.1-gfd. tubular. 
lit — 68,000 ohms, 12 watt. 
R2 — 1000 ohms, 2 Net. 
113 — 33,000 obtus. 12 watt. 
114 — 22,000 ohms, 1 watt. 
lis — 1 megolim, 1+2 watt. 
Ils, Rio, Rut — 0.17 megohm, AI watt. 
117 — 0.22 megolun. 
Ro — 0.5-megolun potentiometer, with switch. 

Construction 

Mechanically, the TO is similar to the exciter, 

in that it is built inside a standard 3 X 4 X 17-
inch aluminum chassis, with the tubes and fila-

ment transformer projecting from the rear wall. 

This makes a compact shielded unit that mounts 
on a 3.?,':¡- inch rack panel. Looking into the top 

front view, Fig. 17-17, we see the oscillator tuning 
condenser, C1, at the center, driven by the ver-

nier dial. The oscillator inductance is to the left. 

An aluminum partition splits the oscillator tube 

socket, with pins 4 to 7 on the right side of the 

partition. Components of the output stage are 

at the far left. On the right side are the reactance 
modulator and speech-amplifier sockets, the de-

viation control, the band-set condenser, C2, and 

the microphone jack. 

119 — 0.1 megohm, 1,/¡ watt. 
R12 — 820 ohms, watt. 
lits — 10,00(1 ohms, ¡¡ watt. 
Li — 25-watt transmitting coil (B & W Baby 

Inductor, type 8) NI. , i I h plug-in base removed.) 
L2 — 14-5h. 25-watt transmit ting coil, end-linked (11 IK 

VI type 40- NI El.. , it h plug-in base removed ). 
— 4-turn link, part of 1.2 :1-..embly. 

Ji — Closed-circuit jack. 
J2.13— Coaxial fitting, female. 
It ECI, It EC2, It EC4 — 2.5-mh. r.f. choke, stand-off 

type ( National R - 100S or It- 100U. 
R FC3 — 2.5-mh. r.f. choke ( National 11-100). 
St — S.p.s.t. switch, shaft type. 
52 — Switch or gain control, Rs. 
— 6.3-volt 3-amp. filament transformer (Chicago 

F0-63). 

The inductances in both stages : ire made from 
commercial plug-in coil assemblies. The plug-in 

bases am removed, and the coils mounted on 

pillars. The oscillator coil should have at least 
one half its diameter in all directions clear of 

metal objects of appreciable size. Wiring should 

be done with stiff wire, and all components con-

nected with the oscillator circuit should be 

mounted rigidly. 

Where the cable between the VEO and the fol-

lowing equipment is very short, the output from 
J2 may be fed directly into the crystal socket. 

For more remote operation it may be necessary 

to install a tuned circuit and link coupling at 

the exciter end in order to insure efficient trans-
fer of energy between the two units. 
The reactance modulator follows standard 

practice. The gain of the first 6BA6 stage is suffi-
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Fig. 1719 — looking into the \ F.0 from the rear. The variable condenser at the left is C2, for setting the hand on 
the seriner dial. The large v aria hie at the right allows the output circuit to be tuned to the oscillator frequency 
or its set ond h .  

cient to permit NFNI operation on 10, 6 or 2 
meters, with a crystal microphone. With the 
nut hod of ronneetion bet ween the modulator and 
tlw oscillator shown in the schematic, the devia-
tion is too low for use on frequencies lower than 
the 27-Me. band. More deviation can be obtained 
by connecting the lead from the coupling capac-
itors, Cts and Cm, to the stators of C1 and C2, 
instead of across the tuned circuit. If the FM is 
to be used only above 27 Mc., however, the 
method shown is recommended. 

Provision is made for turning off the heaters 
of the 61316s when the FM portion of the VFO 
is not in use. There is some frequency shift when 
the heaters are turned on and off in this way, 
however, and if the user expects to change fre-
quently from FM to other modes it would be well 
to have Ss break the B-plus lead, rather than the 
heaters. Where the deviation control is connected 
in the react anee-modulator grid circuit, as is 
done here, :t blovking capacitor, Cut, must be 
:u It h-d in series with the arm of the potentiometer. 

It ii trwlse, variatitin of the control will affect the 
fret money of the oscillator. 

Operation 

Deviation should be adjusted by listening to 
the signal on the band where the transmitter is to 
be used, as it increases with each frequency 
multiplication. Monitoring the signal is easy, as 
the proper harmonic of the VFO can be used, and 
all the rest of the rig left inoperative, thus pre-
venting blocking of the receiver. Deviation re-
quirements of various receivers will vary widely, 
but a safe start ing point is to set the control so 
that speech satinds clean in a communications 
receiver with its crystal filter in the broadest 
"on" posit ion. 
The VID that ( National NICN) can be cali-

brated wit h the aid of a receiver capable of tun-
ing the oscillator or doubler range. Set the vernier 
dial so that the variable condenser is at maxi-
mum. Then adjust the handset condenser until 
the oscillator frequency is 300() ke. Check the 
tuning range before removing plates from C1. 

The tuning range can be made to cover 30013 to 
4000 kc. without resetting the handset con-
denser, or if the user is interested in the v.h.f. 
bands only, it can be reduced to 3000 to 3375 ke., 
multiples of which cover the 50- and 144- Me. 
bands. Plates can be removed from CI, one at a 
time, resetting C2 each time st) that the frequency 
of the oscillator is 3000 ke. with CI at maximum, 
and checking the tuning range on the calibrated 
receiver. To cover :3000 to :3713 ke., was re-
duced to 3 stator and 2 rotor plates. 
To use the VFO with the exciter deseribed 

earlier, no more than 150 to 200 volts is itpuiled 
on the second stage. Cathode current, metered 
at J2, will be around 10 ma. when the doubler 
plate circuit is tuned to resonance. At this low 
input the tuning is unimportant, so long as the 
stages following receive sufficient excitation. It 
is not neressary to retune the doubler plate circuit 
for frequency shifts normally made within any 
one band. 
The construction of the VFO is such that there 
should be little frequency drift due to heating as 
the tubes are operated far I wit tw ratings, and 
being mounted outside the main assembly they 
cause little temperature change in the frequency-
controlling elements of the oscillator circuit. No 
special TVI precautions were taken, other thm 
the shielding inherent in the design, and the use 
of shielded wire for all power wiring. 

It is important that the power supply used on 
the VFO and modulator be well filtered and free 
from hum. Particularly where FNI is used, the 
slightest a.c. ripple will show up in objeetionable 
proportions. With sufficient filtering in the power 
supply, the note should be m•arly comparable to 
crystal control, even on the v.h.f. range. 

Note that no mention is made of keying the 
VFO unit. Experience has shown that oscillator 
keying results in too much frequency shift to 
be usable in v.h.f. work without precautions that 
are out of line for a simple unit such as this. In 
v.h.f. work, at least, keying should be done 
two stages or more away from the oscillator un-
less extensive stability measures are taken. 
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Transmitter-Exciters for 50 and 144 Mc. 

The units shown in Figs. 17-20 through 17-25 
are designed to serve several purposes. They may 
be used individually or together, depending upon 
whether the builder wishes to operate on both 50 
and 144 Mc. or on either hand alone. They may 
serve as complete transmitters for either mobile 
or home-station service, or they may be used as 
exciters for driving higher powered stages. The 
dual tetrode amplifier of Fig. 17-20 would be a 
suitable following stage for up to 100 watts input. 

Overtone oscillator circuits are employed in the 
interest of low power consumption, circuit sim-
plicity and ease of TV' prevention. Power wiring 
is done with shielded wire, and the physical 
arrangement of the parts is such that nearly com-
plete shielding is obtained. If further enclosure is 
needed to prevent TVI it is merely necessary to 
cover the top of the unit. Power output is taken 
off by means of coaxial fittings, for convenience 
in mobile operation, and for complete shielding. 
The two units are as similar, both mechanically 

and electrically, as possible. Both are built en-
tirely on their 5 X 10-inch sheet aluminum top 
plates. These are screwed onto inverted 3 X 5 X 
10-inch steel or aluminum chassis. Both use a 
12Arl dual triode as oscillator and frequency 
mult ipiler, with a 2E26 final amplifier. The 144-
Mc. unit has a 5763 doubler stage between the 
12A117 and the 2E26, and the op•rating condi-
tions of the stages vary somewhat. 
The necessary driving power for the final is 

more readily obtained on 50 Mc., so the oscillator-
multiplier is set up to run at lower input. Induc-
tive neutralization (L4 and L5 in Fig. 17-22) was 
used to stabilize the 50-Mc. unit, whereas a small 
capacitance accomplishes the same end in the 
144-Mc. amplifier. An end-linked tank circuit. 
works well on 50 Me., but a balanced tank with 
center link is more satisfactory for 144 Mc. 

Both transmitters are set up to permit com-
plete metering of all stages. Looking at the male 
chassis fittings in the schematic diagrams, it may 
be seen that each grid return, screen and plate 
lead is brought out to a separate pin. It is helpful 
during the adjustment of the rigs to be able to 
meter each stage without breaking into the main 

wiring. This is done by connecting a meter tempo-
rarily between the proper power plug pins. After 
adjustment is completed the meter can be re-
placed with a jumper in the plug. The exciter 
stages require 250 to 300 volts. The amplifier may 
be operated at the same level, or if more power 
is wanted the final plate voltage may be raised 
to 400 volts. 

Adjustment and Operation 

With either rig the oscillator stage should be 
checked first. This should be done with 150 to 
200 \-“ Its until correct operation is established, 
and with no voltage on the following stages. 
Proper operation of the oscillator depends on the 
amount of feed-back, which can be adjusted by 
varying the position of L2 with respect to LI, or 
by changing the number of turns in either wind-
ing. For best mechanical stability, the two coils 
are made from a single piece of B& W Miniductor, 
breaking the wire to give the specified number of 
turns in each winding. Because the characteristics 
of tubes and crystals vary somewhat, it is well to 
start with at least one extra turn on each winding. 
The feed-back should be only enough to insure 

easy starting of the oscillator under load. Adjust-
ments should be made with the grid circuit of 
the following stage completed, with a low-range 
milliammeter connected to the proper terminals 
on the plug to read grid current. Oscillation will 
be evidenced by the sudden appearance of grid 
current as C1 is rotated. If the feed-back is cor-
rect, this will occur at only a small portion of the 
tuning range of C1. Listen to the osç,illation at 
24 or 25 Me. It should vary only slightly in fre-
quency, if at all, as C1 is tuned. If the frequency 
changes gradually across the tuning range the 
oscillator is not crystal controlled, and too much 
feed-back is indicated. Remove a turn at a time 
from L2 until only crystal-controlled oscillation 
remains. If there is insufficient feed-back there 
will be no oscillation. Feed-back can be increased 
by removing turns from LI, or adding turns to 
L2. If several crystals are available, try to find a 
median setting that will work with all of them. 

Crystals may be the overtone variety, marked 

— 25-watt transntitter 
or e..lter for 50 Me. 0..alator and 
doubler are tuned lu erewdriver 
adjo-tenents at lomer loft and renter 
of top plate. The amplifier control 
is the knob at the right. The II .pin 
power fitting at the center, rear, 
and the antenna output fitting is in 
the upper right. 

• 
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• 

Fig. I 7%21 - Bottom view of the 
50-Nie. transmitter-exciter. Oscilla-
tor, doubler and final circuits are 
from left to right. Note the inductive 
neutralizat  link between L3 and 
L4. Disregard the power fitting at the 
lower left and folios% Fig. 17-22 for 
power connections. 

• 

for frequencies between 24 and 27 Mc., or they 
may be fundamental-type cuts for 8 to 9 Mc., 
working on their third overtone. Much less feed-
back is needed for overtone crystals ordinarily, 
and if they are to be used exclusively L2 may be 
reduced to as little as three turns. If difficulty 
with starting under load is encountered, the size 
of the coupling capacitor, C3, can be reduced, and 
it may be advantageous to connect an r.f. choke 
between l'in 2 of the frequency multiplier and 
the grid leak, R3. 

OSCILLATOR 

25 MA 

8.4Mc 

To Meter or 
Pin ti 

To Meter 
or Pin 3 

To 300 
10400V. 
Modulated 

I2AU7 

2 

The second half of the 12AU7 is operated as a 
doubler to 50 Mc. in the unit for that band, and 
as a tripler to 72 Mc. in the 144-Mc. model. It 
has no unusual features in either case. The am-
plifier is so easy to drive on 50 Mc. that input to 
both the oscillator and doubler stages can be kept 
at quite low level — not more than about 10 ma. 
plate current for each section. In the 144-Mc. unit 
the current drains will run about 12 to 15 ma. for 
each stage. Grid current should be 1 ma. or more 
in either case. 

DOUBLER 

106.3V. +250 
to 300V 

Fig. 17-22 — Schematic diagram and 

Ci — 50-gpfd. trimmet ( Millen 26050-I.N). 
C2, CS, C7, C9 — 0.001-01d. disc ceramic. 
C3, Ce — 50-ggfd. ceramic. 
C4 —  25-µAl. trimmer ( National MS14-25). 
C8 — 20-ggfd. double-spaced shaft-type trimmer (Mil-

len 20920). 
RI — 39,000 ohms. watt. 
R2., 114— 470 ohms, I2 %, Mt, 
113 — 100,000 ohms, 2 watt. 
lia — 68,0011 ohms. 12 watt. 
Re — 30,000 ohms, 1 Mutts. (3 10,000-ohm 1-watt re-

sistors in ser),-.. Mav be reduced in resistance 
and wattage fin- 300:volt operation.) 

Li — 9 turns No. 20, diam., ie inch long 
(B & Vt. Miniductor No. 3003). 

To Meter 
or Pm 

To Meter 
or Pin It 

To Meter 
or Pint 

4 

AMPLIFIER 

2E26 

50 Mc. 

L7 

parts list for the 50- Mr. transmitter-exciter. 
L2 — 4 turns No. 20, q-inch diam., 34 inch long. /.1 and 

f.../ are made from a single piece of II & ini-
doctor No. 3003, 13 turns total. See text and 
Fig. 17-21. 

1. — 5 turns No. 20, ,1/2-inch diam., 3íe inch long 
(14& \1 No. 30(13). 

1.4, I.s — 1-turn neutralizing loops connected by link, 
No. 14 enam. See Fig, 17-21. 

i.e — 5 turns No. lh, 1-inch diam., 1% inch long 
(B & V. No. 3021)• 

L7 — 3 turns No. 14 enam., diam., inside cold 
end of Le. 

Ji — Coaxial output fitting. 
J2 — 11-pin male chassis fitting (Amphenol 86RCP11). 
liFC1 — 1-mh. r.f. choke (National R-50). 
RFC: — 2,5-mh r.f. choke (National R-100). 
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3Mc. 

Xtal 

it 

The 5763 doubler stage in the 2-meter unit is 

of conventional design. Care must be taken in 

layout to keep down lead inductance. Note that 

the lead from the plate to the tuning condenser 

is made of quarter-inch wide copper strip. 

Because of the difference in layouts required 

for the two frequencies, the two amplifiers op-

erate somewhat differently. The 50-Me, unit has 

the final tank coil and antenna coupling under-

neath the chassis. There is thus more feed-back, 

and neutralization was needed. This is furnished 

by the link that may be seen in the bottom view, 

Fig. 17-21. A loop of No. 14 enameled wire is 

To Meter 
or Pin 11 

To Meter 
or Pin 3 

To 300. 
to 400V. 
Modulated 

6.3V. 

OSC. TRIPLER 

To Meter 
or Pull To Meter 

or Pin it 

+250 
to 300V. 

To Meter 
or Pint 

To Meter 
or Pin 1/ 

To Meter 
or Pin 1 

• 

Fig. 17-23 — 'rop view of the 2. 
watt 144-Nlc. transmitter. Layout 
is similar to the :311-N1,•.  lei, ex-
cept for the additional doubler stage, 
and the mounting of the final tank 
circuit abone the 

mounted on stand-offs, with one turn coupled to 

L3 and the other end to L6. The position of the 

coupling loop at either end is adjusted for neu-

tralization in the same way as for capacitively 

neutralized amplifiers. The loop (L5) is between 

the second and third turns of L6, with the antenna 

coupling coil below. Slight variations in layout 

may eliminate the need for neutralization, so the 

amplifier operation should be checked without it 

at first. 

In order to shorten the plate lead, the plate 

circuit of the 2-meter unit was mounted above the 

chassis. This permits use of a balanced tank eir-

DOUBLER AMPLIFIER 
72 Me. • 144 Mc. 

5763 C,z ""1— 2E26 

144 Mc. 
L5 

RFC4 

C -ff 

Fig. 17-24 — Schematic diagram of the 141-Me. transmitter. Bottom views of both power plug and socket are shown. 

Co — .50-aaafil. trimmer ( National l'SR-50). 
C2, c5, c, CS, C10, C 1, C13, C14, Cos — 0.001-afil. disc 

cera ttt i t 
C3, Ce —  25-,ofd. cera ttt i ttt 
(:4 — 25-aafil. trimmer (National PSR-25). 
Ca — 10-55fil. double-spaced trimmer ( Millen 26920 

cut down to 2 rotor and 3 stator plates). 
Cts — 10-pahl. ceramic. 
Coa— 10.1aard. per section butterfly (Johnson 10LB15). 
RI — 10,000 ohms, 1 watt. 
Hz, 114 — 470 ohms, 3,;'¡ watt. 
113 — 100,000 011MS, 3'3 watt. 
115 — 68,000 ohms, ! 3 watt. 
Re — 12,000 ohms, 3í watt. 
117 — 22,000 ohms, 3¡ watt. 

Its — 22,000 ohms, 1 watt. Make like R6 ill Fig. 17-22 
if using more than 300 volt plate supply. 

1.2 — Similar to Fig. 17-22. 
1.3-4 turns No. 18, .-inch diam., 1..¡ inch long 

(B \\ No. 3(102). 
1.4 —. 4 turns No. 1,1, U-inch diaris.. 5 inch loug. 
L5 — 6 turns NO. 11, 3 turns each side of cellier spaced 

diameter of wire, 3,(2-inch diam., space at 
center of LEI. 

1.8 — 2 turns co. 14 enam., diatn. 
Ji — Coaxial output fitting. 
is — 11-prong male chassis fitting (Amphenol 86 

ItCP11). 
RFC' — 7-uh. r.f. choke (Ohmite Z-50). 
RFC2, RFC3, RFC4 — r.f. choke (Ohmite Z-144). 

.11 
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Fig. 17-25— Under-chassis view of 
the 144- Mc. transmitter. Oscillator, 
tripler and doubler tuned circuits are 
from left to right. 

cuit and practically eliminates the need for neu-
tralization. To make up the difference in ca-
pacitance on the two sides of the circuit, a lead 
from the low side is run through a chassis bushing 
to just below the chassis level. If there is insta-
bility, the length of the lead below the chassis can 
be varied to effect neutralization. Contact is made 
to the 2E26 metal ring externally by means of a 
spring clip mounted under one of the socket-
mounting screws. This contributes to more stable 
operation of the amplifier, though connection is 
made to the ring internally through Pin 8. Shield-
ing may or may not be necessary on the 5763. 
Operation of the tube without a complete shield 
results in more effective cooling, and is recom-
mended if possible. 

Operating conditions for the various stages 
follow the tube manufacturer's recommendations 
closely. If more or less input to the final stage is 

desired it can be controlled by variation of the 
screen voltage, with a smaller or larger dropping 
resistor value. 

If both transmitters are to be used, their Opera-
tion may be controlled by an external switch that 
furnishes heater voltage to the unit desired at 
the moment. Plate voltages may be left con-
nected to both units in this case, as only the one 
whose heaters are energized will draw current. 
Loading on the amplifier is varied by adjusting 
the position of the output coupling winding. In 
some cases the insertion of a series tuning con-
denser between the coupling loop and ground 
may be desirable. Power output will be about 15 
watts maximum on 50 Me. and about 10 watts 
for the 144-Mc. unit. If the plug connections 
given in the schematic diagrams are followed it 
will be possible to interchange the two power 
plugs without affecting the operation of the rigs. 

A 100-Watt R.F. Amplifier for 50 and 144 Mc. 
The r.f. amplifier shown in Figs. 17-26, 17-27 

and 17-28 is designed for use with a dual beam 
tetrode such as the 829B or AX-9903. It is capa-
ble of handling an input of up to 120 watts on 
c.w. or FM and about 100 watts on AM 'phone. 
The driver stage should have an output of 5 
wat Is or more, to assure adequate driving power. 
The same general layout may be used with an 
832A or 815, if a suitable value of grid resistor 
is used. The 815 also requires a different socket. 
The amplifier is built on an aluminum chassis 

3 by 4 by 17 inches in size, with practically all 
components mounted topside. The two-band 

Fig. 17-26 — A dual-tetrode am-
plifier for 50 and 144 Mc., with 
50- Me. coils in place. In the fore. 
gr I are the Ut-t- Me. grid coil 
and the antenna coupling loop 
used for 114-Mc. operation. 

tank circuit described in Fig. 17-3 is used, to fa-
cilitate easy band changing and assure efficient 
operation on 144 Mc. Only the plate circuit is 
tuned. The grid coils are made to resonate with 
the input capacitance of the tube. The plate 
tuning condenser is cut down to a capacitance 
suitable for 144-Mc, used by removing plates, 
leaving two stator and three rotor plates in each 
section. The two stator plates left are those on 
either side of the stator connection lug. One rotor 
plate is removed from each end of the shaft and 
four from the middle. 
The tube socket is mounted on a bracket 3% 
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inches high, with the tube cen-
tered V 2 inches above the chas-
sis. The tuning condenser and 
coil socket are also mounted on 
brackets, the former 2% inches 
high. Both brackets have 
shaped cutouts to pass the plate 
lines with at least ).' ín inch clear-
ance all around. 
The plate lines are 5% inches 

long, exclusive of the flexible 
portion at the plate end. This is 
of tinned braid, making 1% 
inches additional, from the end 
of the lines to the slip-on connec-
tors. The flexible portion of the 
line is mule f:tst by inserting the 
end of the braid in the tubing and 
crimping the tubing in a vise. 
The connection is soldered for 
added firmness, but the tubing 
should be squeezed tight enough 
to hold the braid in place, as long 
periods of operation may heat the 
line sufficient ly to loosen soldered 
connections. Connections from 
the lines to t he tuning condenser 
are made by ‘vrapping the tubing 
with four turns of tinned wire and 
soldering this wrap to the line 
and the condenser tab. The far 
end of the line is mounted on 2-
inch standoffs and small copper 
brackets, bringing the over-all 
height to 2% inches. 
The spacing of the lines, % 

inch center to center, is deter-
mined by the spacing of the pins of the Millen 
37212 plug used for a shorting bar. A short is 
placed across the terminals of the plug, and 
connection is made for the B-plus with a flexible 

Fig. 17-28 — Bottom view of the tetrode amplifier. 

lead. The Millen 37211 socket, mounted at the 
end of the chassis, serves as a convenient stor-
age device for the plug and as a terminal strip 
for RFC2. The plug may be used to adjust the 
line length; sliding it into or out of the line per-
mits an adjustment of about Vt inch in over-all 
length. This may be useful in counteracting for 
slight variations in tube characteristics. 
The grid coil socket is mounted on a plate held 

in position by the screws on which the tube 
socket is mounted. It is positioned for minimum 
lead length — an important consideration. The 

Fig. 17-27 — Schematic diagram of the two-band tetrode amplifier. 
CI, C2 — Neutralizing capacitors, see text. 
Ca, C4 — 0.00 1 -dd. disc ceramic. 
Ca — Split-stator variable, approx. 13ppfd. per section ( Millen 21935 with 

2 stator and 3 rotor dates removed from each section). 
Ca — 0.001-“fd. mica. 1200-volt rating. 
It: — 4700 ohm:, 1 watt. 
ltz — 10.001) ohms, 10 watts. 
Li — 50 Me.: 3 turns No. 18, 1%-inch dia.. turns spaced wire (lia. 

141 Mc.: U-shaped loop inch wide and 1 Vs inch long, No. 14 
tinned. 

L2 — 50 Me.: 2 turns each side of Li„ saute dia. and spacing, center tapped. 
Can he made by removing one turn from (melt end of a National 
Alt- 16 10-S assembly. 

141 Mc.: U-shaped loop similar to L1, but center tapped. See Fig. 
17-26. 

— 3 turns each side of center, No. 12 tinned. 1 inch dia., spaced 1 dia., 
center tapped. Leave !/2"-inch space for L. 

1.4 — 3 turns No. 14 enamel. 1-inch dia.. spaced 1 dia. 
L5A, 1.50 — %-inch o.d. copper tubing, 5!/2. inches long, spaced inch on 

centers. 
I.6 — Hairpin coupling loop 33,'¡ inches long, inch wide, No. 12 enamel. 
.11, .12 — Closed-circuit jack. 
Ja — Male a.c. connector. 
RFCm — 7.0-ph. r.f. choke (Ohmite Z-50). 
FC2 — r.f. choke (Ohmite Z.114). 

Ti — Filament transformer, 6.3 volts, 3 amp. 

input capacitance of the 829B is high enough so 
that it may be impossible to resonate the grid 
circuit at 148 Mc., if appreciable lead length or 
stray capacitance is introduced. If an 832A or 
AN-9903 is used the grid coil will be somewhat 
larger than that speeilied and neutralization may 
not be needed. 

Neutralization is accomplished, when required, 
by means of leads brought through the bracket, 
adjacent to the tube plates. These are crossed 
over to the nppesite grids at the socket. Feed-
through bushings are used and soldering lugs are 
at taehed to the bushings to provide the neutral-
izing capaci t tti we. If more is needed these can be 
r) 'I  with small t al»: of sheet copper. 
There may be a slight change in neutralizing 

capacitance needed for the two bands. As neu-
tralization is inclined to be more critieal at the 
higher frequency, the adjustment should be 
made carefully on 144 Me. This sanie setting may 
be satisfactory for 50- Mc. operation as well. 
The plug-in coils are mounted on National 

PH-16 bases, fitting NB-16 sockets. When the 
stage is used on 144 Mc. the coupling is by means 
of a hairpin loop which plugs into the coil socket. 
The r.f. output is thus fed down to a crystal 
socket on the back of the chassis, for either band. 
A similar crystal socket is used for the r.f. input, 
at the tube end of the chassis. 
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Crystal Control on 220 Mc. 

Construction of a multistage transmitter for 
the 220- Mc, band is not as difficult as might 
be imagined, and the serious worker on this 
frequency will find the use of crystal control 
or its equivalent highly worth while. Fortu-
nately the crystals used are also usable on 144 
Mc., cutting down the total cost of building 
equipment for both bands, if the crystal 
frequencies are selected with this use in mind. 
The transmitter-exciter shown in Figs. 

17-29, 17-30 and 17-31 employs either 8- or 
12-Me, crystals, and if they are between 8148 
and 8222 or 12,223 and 12,333 kc. they may 
also be used for operation in the upper por-
tion of the 144- Mc. band. By using miniature 
tubes and components, and by arranging the 
parts for minimum lead length, efficient opera-
tion on 220 Mc. is obtained, with a simplicity 
of construction that puts the equipment well 
within the capabilities of the average experi-
enced amateur. 

Four 6J6 dual triodes are used. The first 
works as a triode oscillator and frequency 
multiplier, the second section doubling or 
tripling, depending upon which type of crystal 
is employed. Tuning is less critical, and the 
various stages operate somewhat more effi-
ciently with 12- Mc, crystals, but 8- Mc. crys-
tals may also be used. The next two stages are 
push-pull triplers, and the output stage is a 
neutralized amplifier. Capacitive coupling is 
used between stages. The chassis is 2 inches 
wide, 2 inches high, and 12 inches long, with 
3/2-inch edges folded over. It may be made 
from a piece of sheet aluminum by 12 
inches in size. The first tube socket is 1M 
inches in from the left end and the other 
sockets are spaced along the chassis, 2% 
inches center to center. The tuning condensers 
are spaced equally between the sockets, the 
last two, Ci2 and C17, being mounted on the 
top surface of the chassis for minimum lead 
length and symmetrical layout. Pin jacks, 
labeled a and b on the schematic diagram, are 

Fig. 17-29 — Front view of the 220-Me. 
transmitter-exeiter. Across the front of 
the chassi., are the oscillator plate-coil 
adjustment, ir-tal, multiplier-coil ad-
justment, first -tripler plate condenser, 
and tip jacks for final cathode metering. 
Second.tripler and final plate roftilmtsers 
are mounted on the top portion of the 
chassis. Output terminals are at the far 
right. 

• 

mounted on t he front. wall of the chassis and 
may be used for metering or keying of the 
output stage. 

Initial Adjustments 

Meter jacks for the individual stages were 
not considered necessary, as there will nor-
mally be few occasions for shifting frequency 
and retuning, Once the in adjustment of 
the exciter is completed. For these first meas-
urements the various circuits may be opened 
and tests made with a portable not ir, 

With a meter in series with I?”, set the core 
in L1 at an intermediate position and adjust 
C2 for oscillation, as indicated by a dip in 
plate current to about 10 ma. The frequency 
and note should be checked in a communica-
tions receiver, making sure that the oscillation 
is controlled by the crystal. Next, insert the 
meter in series with 114 and tune C4 for a dip 
at the proper frequency, which should be be-
tween 24.5 and 25 Mc. Adjustment of the 
multiplier tuning may be critieal, if fundamen-
tal-type crystals are used, t he crystal tending 
to " pop out" when is tuned on t he nose. 
Wit h " overt one "• or harmonic-type cryst ais 
this trouble will not be in evidence, and the 
setting of C4 (or the core in 1,2) Will not be 
fussy. Adjust ment should be for maximum 
grid current in the second 6.16. 

Adjustment of the push-pull triplet. stages is 
merely a matter of resonating the circuits for 
maximum output as indicated by the grid 
current in the succeeding stage, being certain 
that the stages are tripling and not quintu-
pling, which they will also do with fair effi-
ciency. Each stage has cathode bias to prevent 
damaging the tubes during the adjustment 
period. Input to each will run about '25 ma. 
at 200 volts, when operating correctly. 

Neutralization of the output stage is ac-
complished in the customary manner, except 
that the neutralizing capacitors are made 
from short lengths of 75-ohm Twin-Lead. 
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C1, C — 680.pmfd. mica. 
C2, — 3-314mfd. mica trimmer. 
Cs— 68-pagfil. mica. 

— 47-mmfd. mica. 
Cs, C — 330-µpfd. mica. 
Cs, — 2.7--8.S-pfd. midget butterfly variable 

(Johnson 160-208). 
C10, C, 1, c. 14. C 15 — 50.µµ fd. ceramic (National X LA -C.). 
C16 — 200-m,fd. ceramic. 
Cr• — 1.7-3:1-pad. midget butterfly variable (Johnson 

160-2031. 
CN2 — Neutralizing capacitors made of 75-ohm 
Twin- Lead: see test. 

RI, R3 — 6800 ohms, 4 watt. 
112 — 470 ohms, 4 watt. 
R4 -- 3900 ohms, 1 watt. 

Rn, Rs, Rin— 22.000 ohms. 4 watt. 
B7, liii, R13 — 470 ohms, 1 watt. 

Starting with sections about two inches long, 
they should be trimmed a small amount at a 
time until tuning the final plate through 
resonance (with plate voltage removed) causes 
no downward kick in grid current. 

Performance 

With the voltages shown, the output on 
220 M. will be about 2 watts, as indicated by 
a full- brilliance indication in a Number 46 
(blue bead) pilot lamp. More output can be 
obtained by increasing the voltage above 200, 
but the increase is seldom worth the extra 
strain on the tubes. Operated as shown, the 
rig will give ample output to drive an 832 
amplifier which will deliver about 12 watts. 
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Fig. 17-30 — Schematic dia-
gram of the 6J6 transmitter-
exciter for 220 Mc. 

118. 1112. 1114 — 1500 ohms, 1 watt. 
1.4 — 31 turns No. 28 d.s.c., close-wound on National 

X R-50 slug-tuned form, center-tapped. 
1.2 — 12 turns No. 24 d.s.c., close-wound on National 

X11-50 slug-tuned form, center-tapped. 
1.3 — 7 turns No. 16 enamel, ;54¡-inch inside diameter. 

spaced wire diameter, center-tapped. 
— 2 turns No. 16 enamel, %-inch inside diameter. 

spaced 3:¡ inch, center-tapped. 
Ls — 1 ji turns No. 12 enamel, 3,-inch inside diameter, 

center-tapped. Space turns about 3'16 inch apart. 
Coil 14 inches long over all. See bottom-view 
photograph. 

1.6 — Hairpin loop No. 16 enamel inserted between 
turns of 1.3. 

111 FCI — 230-uh v r.f. choke ( Millen 34300). 
RFC2, It FC3 Solenoid v.h.f. choke — No. 28 d.s.c. 

wire wound on 4-watt carbon resistor, 4-inch 
diameter. rein inch long. 

or the final 6.16 may be modulated and the 
unit operated as a complete low-powered 
transmitter. 
The same general arrangement described 

above may be used to get to 220 Me. with 
three tubes instead of four, if the regenerative 
harmonic-oscillator circuit shown in Fig. 17-1 
is used to replace the more conventional crystal 
oscillator circuit of Fig. 17-30. An 8.3- Me. 
crystal is then made to oscillate on 25 Mc. in 
the first 6.16 section. The second section triples 
to 75 Mc. The rest of the unit, from L3 on, is 
the same as in Fig. 17-30. It is suggested that 
the description of the 6- and 2-meter trans-
mitters of Figs. 17-20 through 17-25 be studied 
carefully before this substitution is attempted. 

• 

Fig. 17.31 — Bottom 
view of the 6J6 220. 
Mc. rig, showing the 
simplicity of the lay-
out. 
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Transmitting Equipment for 420 Mc. 

As on lower frequencies, best results will be 
obtained in 420-Mc, work if the narrowest prac-
tical passband is used in the receiver. This dic-
tates this use of stabilized transmitters, if the full 
possibilities of the 420-Mc. band are to be real-
ized. The band is 30 megacycles wide, however, 
so there is plenty of room for the use of simi ih. 
rigs and broadband receivers, both of which nia ., 
be entirely adequate for short-distance experi-
mental work. 
Many descriptions of equipment in this cate-

gory have appeared in QST in recent years. A 
bibliography at the end of this chapter lists these 
and various articles dealing with the conversion 
of war-surplus equipment for 420-Mc. use, as 
well as articles on more advanced equipment. 
Segregation of narrow and wideband techniques 
within the band appears desirable, however, and 
it is suggested that use of the 420-Mc, band be 
apportioned as follows: 

420 to 432 Mc. — Modulated oscillators and 
wideband FM. 

432 to 436 Mc. — Crystal-control AM, c.w. and 
narrowband FM. 

436 to 450 Mc. — Amateur television. 

• A SIMPLE LOW-POWERED 
TRANSMITTER 

The transmitter shown in Figs. 17-32 through 
17-34 is typical of the sort of thing that can be 
used to good advantage in developing local ac-
tivity on 420 Mc. It runs only a few watts input, 
and delivers only about one watt of output, but 
it is quite capable of working over a radius of 
several miles when used with a good antenna 

Fig. 17-32 -- A 420-Mc transmitter 
built in two units. The modulator 
portion, on a 7 X 7 X 2-inch chassis. 
uses a 6C4 driving a 6AQ5 modula-
tor. The oscillator uses a 6J6 and is 
assembled on a removable trough. 
shaped chassis. 
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1 1 -33 — Butt  % ICU of the u..eillutur assemim fil' 
The trough in which the components are mounted is 
made of flashing copper. It is 6 inches long, I% inches 
high, and 2Yt inches wide, with 34-inch edges folded 
over for sliding into a clip attached to the main chassis. 

system. A single 6J6 is used as a push-pull oscil-
lator, with a half-wave line in its plate circuit. 
The complete oscillator assembly is built in a 
trough made of flashing copper. The 6A(45 mod-
ulator and 6C4 speech amplifier are on the main 
chassis, at the back of which is a copper clip into 
which the oscillator unit is fitted. This arrange-
ment permits experimenting with different types 
of r.f. sections without the necessity of making 
changes in the audio portion of the rig. 

Only three adjustments are necessary in plac-
ing the unit into operation. The frequency should 
be checked with Lecher wires or a calibrated 
wavemeter, setting the frequency near the middle 
of the band. The method of determining the 
proper point for feeding the B-plus to the line is 
discussed earlier in this chapter. When this is 
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Fig. 17-3-8 — Schematic diagram of the 420-Mc. transmitter. 

CI, C4 - 104prd. 25-volt electrolytic. 
C2 — 8-aftl. 450-volt electrolytic. 
C3 — 0.01 tubular. 
Cs — NI irtiat tire split-stator variable, 4 add. per section. 

21912 D, with one rotor plate removed 
from cadi section.) 

RI— 470 ohms, I watt. 
112 — 0.33 megolun. 12 O, at t . 
R3, R4 — 5000 ohms. :3 %salt-. 
Ht — 0.17 megoltin, 2 %S an. 
R6 — 680 ohms, I Wall. 
R7, Rs — ohms, 12 so at I, carbon. 

done the coupling loop should be adjusted for 
maximum power in the antenna and the transmit-
ter is ready for use. Frequency checks should be 
made again, after the antenna is connected to be 
sure that the signal ri  hated is well inside the 
band limits. 

• AMPLIFIERS AND 

FREQUENCY MULTIPLIERS 

Not many presently-avail:11 ,le tubes work 
satisfactorily. above 400 Mc. The 316A, 703A, 
15E, 8012 and 8025, all triodes, work fairly well 
as oscillators, but are relatively ineffective as 
frequency multipliers. The 6J6 will deliver a small 
amount of power as a tripler, and more can be 
obtained with a pair connected in push-pull-
parallel. 

Of the tetrodes, the 832A and AX9903 are most 
used in 420-Mc frequency multipliers and ampli-
fiers. One of these tubes as a push-pull tripler from 
144 to 432 Mc. will drive another as a 432-Mc. 
amplifier. The 832A will give about 2 and 5 watts, 
while the AX9903 delivers 10 and 25 watts, re-
spectively, in these applications. The 5675, 2C'43, 
2C39 and 4N 150A are typical of the special uhf. 
tubes that are capable of high-efficiency opera-
tion, but their use involves the employment of 
special tank circuits and forced-air cooling. 
The tripler-amplifier of Fig. 17-35 uses two 

AX9903 5894A dual tetrodes to deliver 25 to 30 
watts output when driven by a 144-Me, exciter 
of about 10 watts output. Half-wave lines are 
used in all 432-Mc, circuits, and a self-resonant 
coil in the grid circuit of the tripler. Adjustment 
of coupling between the stages is done by varying 
the position of the grid lines, L4, with respect to 
the tripler plate lines. 
Be certain that no mechanical stress is imposed 

on the plate pins by the tank circuits, as the 9903 

6J6 

Oscillator 

:g RFC, 

RFC 

— 2700 ohms, I •j watt. 
Li — Midget filter choke. 
1-2 — Plate line made of two pieces of No. 12 wire, 4% 

inches long, inch apart, center to center. 
La — 1lairpin of No. 18 wire. Portion which couples to 

L2 is about inch long. Position should be 
adjusted for maximum transfer of power to 
antenna. 

J2 — (.1036(1-Cirellit jack. 
RFC', RFC2 — 12 turns No. 20 enameled wire, 3is-inch 

diatn., 3.:¡ inch long. 
— Single-button microphone transformer. 

is very easily broken. The 9903/5894A is a more 
rugged type recently introduced. 

'1'he point of connection for the plate voltage 
should be checked to be sure that it is at the 
minimum r.f. voltage point. A pencil lead may be 
touched along the line until the smallest effect on 
the output is observed. Initially, the plate voltage 
may be fed into the line at a point just toward the 
tube end from the center. 
The position of the grid lines, L4, is quite 

critical and must be adjusted carefully if maxi-
mum grid drive is to be obtained. Move the cop-
per strips a small amount at a time, readjusting 
el meanwhile, until at least 5 ma. of grid current 
is obtained. More may be used if obtainable. The 
grid circuit r.f. chokes are connected directly to 
the tube socket terminals, the input capacitance 
of the tube being high enough so that the nodal 
point is within the tube itself. Great care should 
be taken to see that the plate and grid lines do not 
come in contact with each other in the course of 
adjusting the coupling. This may be prevented by 
inserting thin sheets of mica or teflon between the 
plate and grid ha, Polystyrene is not usable for 
this purpose, as the heat radiated from the plate 
lines will melt it. 

Adjustment of antenna coupling is also very 
critical, and can best be accomplished with a 
field-strength meter, which need be nothing more 
than a crystal diode inserted in a pick-up antenna. 
A line of any length may be run from the antenna 
to the meter, for remote indication. 

Because of the relatively low efficiency obtain-
able at this frequency, the tubes should not be 
run at more than about 60 per cent of their nor-
mal ratings unless provision is made for forced-air 
cooling. The power capabilities can be stepped up 
by shielding the tubes and tank circuits and 
blowing air through the shields for cooling pur-
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• 

Fig. 17-35— A tripler. 
amplifier for 120 Mc. 
Lsing two ibial let. 
rode, one as a tripler 
from I11 Mc. and the 
second a- a straight - 
through amplifier, tin-
unit delivers 27, watt, 
output on 132 Me. 
It can be driven by 
any 114- Me. exciter 
has ing an output of 8 
watts or more. 

• 

poses. Up to about 35 watts output can be de-

veloped safely in this way. 

Bibliography on 420-Mc. Equipment 

"Getting Started on 420 Mc." (Hoisington), 

June 1946 QS7', page 43. 

"Four-Twenty Is Fun" (Tilton), Nov. 1947 

QST, page 13. 

"Operating the BC-645 on 420 Mc." (Ralph 

and Wood), Feb. 1947 QST, page 15. 

"Fun on 420 with the BC-788" (Clapp), July 

1948 QST, page 21. 

"Operating the APS-13 on 420 Mc." (Addison), 

May 1948 QST, page 57. 

TRIPLER 

AX9903 

Fig. 17-36 — Schematic diagram of the tripler-amplifier for 432 Me. 

C1, C2 — Midget split-stator variable, about 4 ¡odd. per 
section ( Millen 219121)). 

C3 — 250-4451d. ceramic. 
RI — 50,000 ohms, 2 watts. 
R2 — 100 ohms, J4 watt, at center tap of Li. 
113 — 25,000 ohms, 10 watts. 
114 — 10,000 ohms, 1 watt. 
118— 20,000 ohms, 10 watts. 
Li — 2 turn. No. 1 t enamel, tie-inch diameter, spaced 

tn ice n ire diameter. 
L2 — 2 turn- so. 20 enamel, tic-inch diameter, between 

turn- of La. 
L3 Flexible copper or silver ribbon, 3.i inch wide and 

4 inches long. Average spacing about in. 
1,4 — Stiff copper strips 3 inches long. Adjust spacing 

between 1.3 and L4 for maximum grid current, 
as read in J2. 

La — Flexible copper or silver ribbon, )¡ inch wide and 

"Tripling to 420 Mc." (Brannin), June 1948 
QST, page 52. 

"A Doorknob Oscillator for 420 Mc." (Tilton), 

January 1949 QS7', page 29. 
"Simpler dear for the 420-Mc. Beginner" (Til-

ton), May 1949 QS7', page 11. 

"Better Results on 420 Mc." (Tilton), August 

1950 QST, page 11. 

"Coaxial-Tank Amplifier for 220 and 420 Mc." 

(Bravley), May 1951 QS7', page 39. 

"New Low-Noise Twin Triode" August 1951 

QST, page 46. 

"A 432- Me. Converter from tlie Gold-Plated Test 

Oscillator," June 1952 QST, page 14. 

AMPLIFIER 

AX9903 

4% inches long, including % inch bent over for 
fastening to Iteat-dipating connectors. Aver-
age spacing of line is about inch. Rend last 
half inch inward to form padder capacitance. 
(See Fig. 17-35.) The connectors must be filed 
down to provide a spacing of at least % inch 
between their inside edges. 

L13 —  Coupling loop of No. 14 enameled wire. U-shaped 
portion is about 1 inch long. 

1. J2— Closed-circuit jack. 
.13 — Crystal socket (Millen 33102). 
J4 — Antenna terminal ( National FWG). Not used in 

revised version. (See Fig. 17-35.) 
RFQ, RFC2, 11FCs, RFC° — 1..i.h.f. choke (Ohmite 

Z-235). Attach to plate lines at point of lowest 
r.f. voltage. 

RFC3, 111FC4 — 11 turns No. 22 enamel, tic.inch diam-
eter, 1 inch long. Attach directly to socket taba. 



CHAPTER 18 

V.H.F. Antennas 

While the basic principles of antenna design 
are essentially the same for all frequencies where 
conventional elements are used, certain features 
of v.h.f. work call for changes in antenna tech-
niques above 50 Mc. Here the physical size of 
arrays is reduced to the point where an antenna 
system having some gain over a simple dipole can 
be used in almost any location, and experimenta-
tion with various types of arrays is an important 
part of the program of progressive v.h.f. ama-
teurs. The importance of high-gain antennas in 
v.h.f. work cannot be overemphasized. By no 
other means can so large a return be obtained 
from a small investment as results from the erec-
tion of a good directional array. 

• DESIGN CONSIDERATIONS 
At 50 I and higher the frequency range over 

which an t (. 11 t la systems should operate effectively 
is usually wider than that encountered on lower 
bands; thus more attention must be focussed on 
broad frequency response, possibly to the extent 
of sacrificing other qualities such as high front-
to-back ratio. 
As we go higher in frequency transmission-line 

losses rise sharply, and it becomes more important 
to match the antenna system to the line properly. 
N1ost v.h.f, transmission lines are long in terms of 
wavelength, so it may be more effective to use a 
high-gain array at relatively low height, rather 
than a low-gain system at great height, particu-
larly if the antenna location is not completely 
shielded by heavy foliage buildings or other 
obstructions. 
The effectiveness of a v.h.f. array is almost di-

rectly proportional to size, rather than number of 
elements. A 4-element array for 432 Me. may 
have as much gain over a dipole as a similarly-
designed array for 144 Mc., but it will intercept 
only one-third as much energy in receiving. To be 
equal in communication, the array for 432 Mc. 
must equal the 144-Mc. system in area, requiring 
three times the number of elements, if similar 
element configurations are used. 

Polarization 

Early v.h.f. work o1 done with simple an-
tennas, and since the vet tical dipole gave as good 
results in all directions as its horizontal counter-
part offered in only two directions, vertical 
polarization became the accepted standard. 
Later when high-gain antennas came into use it 
was only natural that these, too, were put up 
vertical in areas where v.h.f. activity was already 
well established. 

When the discovery of various forms of long-
distance propagation stirred interest in v.h.f. 
operation in areas where there was no previous 
experience, many newcomers started in with 
horizontal arrays, these having been more or less 
standard practice on frequencies with which 
these operators were familiar. As use of the same 
polarization at both ends of the path is necessary 
for best results, this lack of standardization re-
sulted in a conflict that, even now, has not yet 
been completely resolved. 

Tests have shown no large difference in results 
over long paths though evidence points to a slight 
superiority for horizontal in certain kinds of ter-
rain, but vertical has other factors in its favor. 
Horizontal arrays are generally easier to build 
and rotate. Where ignition noise and other forms 
of man-made interference are present, horizontal 
systems usually provide better signal-to-noise 
ratio. Simple 3- or 4-element arrays are more 
effective horizontal than vertical, as their radia-
tion patterns are broad in the plane of the ele-
ments and sharp in a plane perpendicular to them. 

Vertical systems can provide uniform coverage 
in all directions, a feature that is possible only 
with fairly complex horizontal arrays. Gain can 
be built up without introducing directivity, an 
important feature in net operation, or in loca-
tions where the installation of rotatable systems 
is not possible. Mobile operation is simpler with 
vertical antennas. Fear of increased TVI has kept 
v.h.f. men in densely-populated areas from adopt-
ing horizontal as a standard. 
The factors favoring horizontal have been 

predominant on 50 Mc., and today we find it the 
standard for that band, except for emergency net 
operation involving mobile units. The slight ad-
vantage it offers in DX work has accelerated the 
trend to horizontal on 144 Mc. and higher bands, 

\ Airuf be 
geoundea' 

*aria/ 

Fig. 18-1— Two 
versions of the 
"J" antenna, often 
used in mobile in-
stallations, or in 
vertica arrays 
where parasitic 
elements may ro. 
tate around a fixed 
radiator. 

412 
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though vertical polarization is still widely used. 
The picture on 220 Mc. is still confused, the 

tendency being to follow the local 144-Mc. trend. 
Most 420-Mc, work is being done with horizontal. 
The newcomer to the v.h.f. bands should ascer-
tain which is in general use in the areas he expects 
to work, and go along with the others in those 
areas. In setting up activity where there is no 
operation presently, it is recommended that 
horizontal polarization be used, principally as a 
step towanl nnich-nceded standardization. 

• IMPEDANCE MATCHING 
Because line losses increase with frequency it is 

import ant that v.h.f. antenna systems be matched 
to their transmission lines carefully. Lines com-
monly used in v.h.f. work include open-wire, 
usually 400 to 600 ohms impedance, spaced one 
to two metes; polyethylene-insulated flexible 
lines, available in 300, 150 and 72 ohms imped-
ance; and coaxial lines of 50 to 90 ohms imped-
ance. Some of the methods by which these may 
be used to feed antennas of differing impedance 
are given below. 

The "1" 

Used mainly for feeding a vertical radiator 
around which parasitic ele-- 
ments are rotated, the "J" 
is a half-wave vertical radia-
tor fed with a quarter-wave 
matching section, as shown in 
Fig. 18-1. For 50 or 144 Mc. 
the spacing of the matching 
section should be 2 inches or 
less. The point of attachment 
of the line will depend on its 
impedance. It should be slid 
along the matching section 
until the point is found that 
results in the lowest standing-
wave ratio. The bottom of 
the matching section can be 
grounded, and it can be fed 
with balanced or coaxial line. 

The "J" is useful in 144-Mc, mobile applica-
tions, usually in the form shown in Fig. 18-1B. 

5540 

f Me 
lino 

incites 
" or less 
18-2 — De-

tails of the folded 
dipole. 

The Delta or "Y" Match 

A simple arrangement for feeding a dipole, 
either alone or as part of a parasitic array, is the 
delta or " Y" match, in which the line is fanned 
out and attached to the radiator at the points 
where the impedance along the element equals 
the line impedance. Dimensions for v.h.f. applica-
tions can be figured from data in the transmis-
sion-line chapter. Its chief weakness is the likeli-
hood of radiation from the matching section, 
which may impair the effectiveness of a multi-
element array. 

The "T" Match 

The principal disadvantages of the delta system 
can be overcome through the use of the " T" 
match, also detailed in the transmission lines 

chapter. It provides a means of adjustment, by 
sliding clips along the parallel conductors, yet the 
radiation from the matching section is negligible 
because of its close proximity to the main ele-
ment. Its rigid construction is well suited to ro-
tatable arrays. Because the matching is adjust-
able, the dimensions of the " T" section are not 
particularly critical. The system may be used 
with any balanced line, including a pair of coaxial 
lines, the outer conductors of which may be 
bonded together and grounded. 

The Folded Dipole 

A flexible means of matching a wide range of 
antenna impedances is the folded dipole, shown 
in its simplest form in Fig. 18-2. When made of 
uniform conductor size the impedance at the feed 
point is equal to the squale of the number of ele-
ments in the folded dipole. Thus, the example of 
Fig. 18-2 has a feed-point impedance of 4 X 72, 
or approximately 288 ohms, making it a good 
match to 300-ohm line. A 3-wire dipole steps the 
impedance up 9 times. 

Greater step-up can be obtained by making the 
fed portion of the dipole smaller in diameter than 
the solid portion. The spacing of the conductors 
affects the step-up in this case. Conductor ratios 
and spacings can be derived from the folded-
dipole monogram in the transmission lines chap-
ter. This principle is applied in the 4-element 
array of Fig. 18-6. 

The Gamma Match 

A simple device for feeding parasitic arrays 
with a single coaxial line is shown in Fig. 18-3. 
Known as the gamma match, it is a mmlitication 
of the " T" system for unbalanced lines, well 
adapted to feeding arrays of all-metal construc-
tion. With the latter, the outer conductor of the 
coaxial line may be grounded to the metal boom, 
or to the center of the driven element. The inner 
conductor is then connected to a matching sec-
tion, usually provided with a sliding clip for 
varying the point of connection to the driven ele-- 
ment. The effectiveness of the system is improved 
if a condenser is connected in series with the 
gamma section, to tune out its reactance, as 
shown in Fig. 18-3. This should be mounted in a 
weatherproof box, which may be of metal and 
attached to the boom, or to the center of the 
driven element. A standing-wave bridge should be 
connected in the coaxial line, and the point of 
connection between the driven element and the 
matching section varied, readjusting the series 
condenser each time until minimum s.w.r. is ob-

Fig. 18.3 18-3— Schematic version of the gamma match. 
Values for C and D are given in the text. 
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tained. The distance out from the center of the 
'riven element will he : Li tout 10 inches for 50 Me. 
and -I inches for 144. The maximum ('apacitanee 

So or to 
Ohms in 

J, 

"=. 

/00 to 600 
Ci Ohms out 

Fig. 18-1 — Antenna voupler for feeding a balanced load 
milli coaxial line."' he circuit 1.2-(:)  st resonate at the 
otterat irte fre.ittenc). 

required at C will be about 75 and 25 Add. 
respectively. The r.f. voltage is low at this point 
so a receiving-type variable condenser may be 
used. 

The Bohm 

Balanced loads such as are presented by a split 
dipole or folded dipole can be fed properly with 
coaxial line only if some form of balanced-to-
unbalanced coupler (often called balun) is used at 
the feed point. Details of the various types of 
baluns may be found in the transmission lines 
chapter. One of these provides a 4-to-1 impedance 
step-up in addition to conversion from unbal-
anmd line to balanced load. 
The conversion may also be accomplished 

with a balanced circuit., link coupled to the 
coaxial line, as in Fig. 18-4. The balanced load is 
tapped onto the tuned circuit at the proper im-
pedance points, in this case. Such a circuit can be 
in the array itself, or at any point between the 
transmitter and the antenna where such a con-
version is convenient. 

Fig. — Cainear 
array for 141 Me. 
naiad- of TV ground 
wire mounted on a 
1 rug pole. 

• 

The "Q" Section 

A quarter-wavelength of line known as a " Q" 
section may be used to match a low center im-
pedance to a higher value of line impedance, as 
described in the transmission lines chapter. This 
may take the form of two pieces of tubing, to 
3. inch in diameter, mounted so that their center-
to-center spacing can be varied to achieve an 
impedanee match between the antenna and the 
line, where the antenna impedance is not pre-
eis.4y known in advance. Lower values of " Q" 
section impedanee than are available with tubing 
sizes can be made from lengths of insulated wire, 
or even coaxial line. The length of the " Q" sec-
tion will take into account the propagation factor 

Fig. 18-6 — Dimensional drawing of a 4-element 50-Me. 
array. Element length and spacing were derived ex-
perimentally for maximum forward gain at 50.5 Me. 

of the line, where such insulating materials are 
used. 

In some installations it may be convenient to 
use " Q" sections longer than a single quarter 
wavelength, in which case any odd multiple of a 
quarter wavelength may be employed. The exact 
length for any such section may be determined by 
coupling the line to a source of r.f. energy of the 
proper frequency and trimming t he line for maxi-

TABLE 18-I 

Dimensions for V.H.F. Arrays, in Inches 

Freq. ( Me.) 50 144 220 420 

Driven 
Element 110 38 24% 12% 

Reflector 116 40 26% 13% 

1st 
1)irector 105 36 23% 12% 

2nd 
Director 103 35% 23% 12 

Phasing 
Secti )))) * 114 39 % 253,¡ 13% 

0.25 
Wavelength 57 19% 13 6% 

0.2 
Wavelength 46 15% 10% 5% 

0.15 
Wavelength 34 11% 7% 4 

*Open-wire line ( Illy. 
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muni loading. Such a "Q'' section is often used as 
the flexible portion of a line feeding a rotatable 
array, to make connection from the array to a 
fixed transmission line anchor point at the top of 
the supporting tower. 
Where it is desirable to repeat the antenna 

impedance at the anchor point, a section of flexi-
ble line any multiple of a half wavelength may be 
used. 

• ANTENNA SYSTEMS FOR 
50 AND 144 MC. 

The designing of v.h.f, array is both a mechani-
cal and eleetrical problem. The electrical princi-
ples are basic, but a very wide range of mechani-
cal ideas may be used, and the form that an array 
will take is usually dictated by the materials that 
are available. Most v.h.f. arrays can be built to 
formula dimensions given in Table 18-I. The 
driven element is usually cut from the formula: 

5540 
Length (in inches) 

Freq. (Me.) 

Reflector elements are usually 5 per cent longer 
than the driven element. Directors are 5 per cent 
shorter, for the one nearest the driven element, 
and 6 per cent shorter for the next. 

Fig. 18-7— Detail drawing of inserts which may be 
used in the ends of the elements of a parasitic array to 
permit accurate adjustment of element length. 

Parasitic element spacing from the driven ele-
ment is usually 0.15 to 0.25 wavelength for a 
reflector, and 0.2 or more for directors. The closer 
the elements are spaced, the lower will be the feed 
impedance of the driven element. Close-spaced 
arrays are generally more difficult to tune up 
properly, and the frequency range over which 
they work is sharper, so they are seldom used in 
v.h.f. work. 

Elements for 50 Me. are usually to 1 inch in 
diameter; 144-Mc. elements WI to inch; 220-
and 420-Me. elements 3, inch or less. 

A Collinear Array for 144 Mc. 

Where some gain over a dipole is needed, yet 
directivity is undesirable, several half-wave ele-
ments may be mounted vertically and fed in 
phase, as shown in Fig. 18-5. The photograph 
shows three half-wave elements, but five may be 
used in a similar way. The center element is fed 
at its midpoint, either directly with 300-ohm 
Twin-Lead, or through a " Q" section. The two 
end elements are kept in phase with the center 
one by folded half-wave sections. 
The array of Fig. 18-5 is built on a 1%-inch 

Fig. 18-8— A 16-element array for 144 Mc. using the 
all-metal construction methods outlined in Figs. 18-11 
to 18-13. The 4-element array for 50 Mc. below is also 
all-metal design. 

wooden rug pole, using aluminum TV ground 
wire for the elements and phasing sections. In-
expensive TV screw-eye insulators are used to 
support the elements, with the exception of the 
supports at the element ends. At these points 
better insulation is desirable, so ceramic pillars 
are used. 
Two 117-inch pieces of wire or tubing are 

needed. The end elements are 38 inches long, the 
folded sections 40 inches over all, and the quarter-
wave portions of the middle dipole are 19 inches. 
The " Q" section, if used, is 20 inches long. The 
phasing and "Q" sections are bent around into 
loops, as shown in the photograph. If the array is 
fed with 300-ohm line the " Q" section may be 
omitted without serious mismatch. With open-
wire line, a " Q" section made of the element 
material, spaced about one inch, gives a good 
match. The spacing may be adjusted for mini-
mum s.w.r. 

A 4-Element Array for 50 Mc. 

The array of Fig. 18-6 uses dimensions derived 
for maximum gain at 50.5 Me. It will work well 
over the range from the low end of the band to 
nearly 52 Mc. If wider frequency response is de-
sired, the driven element should be cut to the 
formula given above for the desired center fre-
quency, and the reflector made slightly longer 
and the directors somewhat shorter than the di-
mensions given. The driven element is a folded 
dipole of nonuniform conductor size, stepping up 
the impedance so that the array can be fed with 
300-ohm line. A 3-element array of similar di-
mensions could be matched with a 3-to-1 con-
ductor ratio, instead of 4-to- 1. The boom may be 
of metal or wood. The 50-Me. array shown in 



416 CHAPTER 18 

Fig. 18-9 — Schematic drawing of a 16-element array. 
A variable -Q" sect•  may be inserted at the feed point 
if accurate matching is desired. Reflector spacing is 0.2 
wavelength. 

Fig. 18-8 uses 0.15-wavelength spacing for the 
reflector and 0.2 for the directors, resulting in 
slightly less gain than the wider spacing, but al-
lowing considerably more compact construction. 

Most vhf. arrays are erected to formula di-
mensions, but if the builder wishes to do so he 
may tune the array for optimum front-to-back 
ratio or forward gain. Adjustable inserts for tub-
ing elements may be made by cutting short sec-
tions of the element stock lengthwise and insert-
ing these extensions in the ends of the elements 
as shown in Fig. 18-7. 

Stacking Parasitic Arrays 

The radiation angle of a v.h.f. antenna system 
can be lowered and worthwhile gain obtained by 
stacking two parasitic arrays one above the other 
and feeding them in phase. The horizontal pattern 
of a vertically polarized array may be sharpened 
and gain added by mounting two arrays side by 
side and phasing them in the same way. The 
physical spacing between the two arrays is usu-
ally or 1 wavelength, depending on the 
phasing method used. Stacked arrays are usually 
fed at the center of the system to insure uniform 
current distribution between the driven elements. 

In stacking 50-Me. arrays the phasing line is 
usually 0.5 wavelength long. If the two arrays 
were set up originally for 300-ohm feed when used 
separately, the phasing line, which serves as a 
double " Q" section, should have an impedance of 
about 380 ohms, if the main transmission line is 
to be 300 ohms. No. 12 wires spaced one inch 
apart make a convenient phasing line. The gain of 

two arrays stacked 0.5 wavelength apart is ap-
proximately 4 db. over that of .a single array. 

Slightly more gain can be obtained by increas-
ing the spacing to wavelength. A phasing line 
for this spacing may be made of two pieces of 
coaxial line, with the outer conductors connected 
together and grounded, if desired. Because of the 
propagation factor of the coaxial line, such a 
phasing section is electrically a full wavelength 
long. The impedance at the midpoint between 
the two arrays is approximately half that of one 
array alone. 

For 144 Mc. and higher, where the dimensions 
are within practical limits, the spacing between 
two stacked arrays may be increased to a full 
wavelength. This wide spacing is recommended 
only for arrays having three or more elements, 
and is most commonly used with 5-element 
arrays. The phasing line may be open wire, of 
any convenient wire size and spacing, and the 
impedance at the midpoint between the two ar-
rays will be half that of one array alone. A " Q" 
section at the feed point is a convenient method 
of matching such a " 5-over-5" array. Its dimen-
sions will depend on the type of dipoles used in 
the individual arrays. 

Phased Arrays 

Superior performance is obtainable on 144 Mc. 
and higher by using curtains of 4, 6, 8 or more 
driven half-wave elements, arranged in pairs fed 
in phase, and backed up by reflectors. Figs. 18-8 
and 18-9 show a 16-element array, while 18-10 is a 
12-element array of similar design. The gains are 
about 14 db. for the 16-element and 12 db. for 
the 12-element. They may be used for either 
horizontal or vertical polarization. The pattern 
of the 12-element is similar in both planes. 
The elements used in the 16-element array 

shown in the photograph are U-inch diameter 
dural, mounted in the manner shown in Figs. 
18-11 and 18-12. The entire structure is of metal; 
the supports being at the low-voltage point, of the 
elements, no insulation is required. The support-
ing structure for a 12-element array of similar 

300-0bn, line 

Fig. 18.10 18-10— Element arrangement and feed system of 
the 12-element array. Reflectors are spaced 0.15 wave-
length behind the driven elements. 
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design is shown in detail in Fig. 18-12, with the 
clamps for holding the array together made as 
shown in Fig. 18-13. 

Element lengths as spacings are not particu-
larly critical in arrays having many driven ele-
ments, and careful adjustment is not required for 
good results. The frequency response of these 
systems is broader than is the case in arrays where 
the gain is built up by the use of directors as well 
as reflectors. Either the 12- or 16-element array 

Fin. 18-11 — Model showing the method of assembling 
for all-metal construction of phased arrays. Dimensions 
of clamps are given in Fig. 18-13. 

may be fed with 300-ohm line connected at the 
center of the system, as shown in the sketches. 
The reflectors in the 12-element array are spaced 
only 0.15 wavelength in back of the driven ele-
ments, in order to bring the feed impedance down 
to roughly 300 ohms. In the 16-element array 
0.2-wavelength spacing is used for the reflectors, 
and even so, the feed impedance may be some-
what lower than 300 ohms. If a long feedline is 
necessary it may be desirable to insert a variable 
"Q" section at the feed point, in order to insure 
accurate matching for minimum s.w.r. In the 
16-element array shown in the photograph, a 
"Q" section having an odd number of quarter-
wavelengths of 300-ohm Twin-Lead is used to 
match the center impedance of around 200 ohms 
to the 450-ohm open wire line used for a 100-foot 
run to the operating position. 

In all-metal construction it is important that 
the supporting structure be entirely in back of the 
reflector plane This can be done readily by using 
the clamp method of assembly detailed in Figs. 
18-11, 18-12 and 18-13 Dimensions given in 
Fig. 18-13 are for use with the tubing sizes given 
in Fig. 18-12. Suitable dimensions for other com-
binations can be worked out readily by making 
experimental clips from soft sheet copper, and 
using these for templates in making the clips to be 
used in the final assembly When the array is 
completely assembled the screws holding it to-
gether should be drawn up as tightly as possible 
and then coated with durable lacquer or paint to 
prevent corrosion. 

Long- Wire Antennas 

Where long-wire systems designed for use 
on lower frequencies are available they may 
often be used on the v.h.f. bands with good 
results, particularly if the feed lines are not too 
long. " V" and rhombic antenna systems de-
signed expressly for the v.h.f. bands are small 
enough in size to be used in many locations 
where similar arrays for lower frequencies would 
be out of the question. The polarization of long-
wire systems is normally horizontal, but in loca-
tions where they have a downward slope they 
may also have a considerable vertical component. 
Their polarization discrimination is seldom as 
sharp as that of systems using half-wave elements. 

Information on the various types of long-
wire arrays will be found in an earlier chapter. At 
144 Mc. and higher it is relatively easy to stack 
two or more " V" or rhombic arrays a half wave 
apart. This improves their performance rim-
siderably, but makes them essentially one-band 
devices. 

Matching devices that permit feeding long-
wire antenna systems with flat lines also intro-
duce one-band limitation, so their use is not 
advisable except in the case of 50 and 144 Me., 
two bands that are close to third-harmonic re-
lationship. A "Q" section that is approximately 
three quarter-wavelengths long at 144 Mc. is 
one quarter-wavelength long at 50 Mc., so if the 
feed impedance of the antenna system is the 
same for both frequencies a " Q" section about 

Fig. 18-12— Supporting framework for a 12-element 
144-Mc, array of all-metal design. Dimensions are as 
follows: element supports (I) by 16 inches; horizontal 
members (2) by 46 inches; vertical members (3) 

by 86 inches; vertical support (4) 1 ¡-inch diameter, 
length as required; reflector-to-driven-element spacing 
12 inches. Parts not shown in sketch: driven elements 
Yi by 38 inches; reflectors by 40 inches; phasing 
lines No. 18 spaced 1 inch, 80 inches long, fanned out 
to 3%¡ inches at driven elements (transpose each half. 
wave section). 
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No. 2711rill 

Bend on radius R 
A =ï• 

B = 

C= 

Fig. 18-13 — Detail drawings of the clamps used to as-
semble the all-metal 2-meter array. A, B and C are 
before bending into -I. shape. The right-angle bends 
should be made first, along the dotted lines as shown, 
then the plates may be bent around a piece of pipe of 
the proper diameter. Sheet stock should be Vi6-inch or 
heavier aluminum. 

58 inches long may be used for both bands. In 
the ease of a rhombic terminated in 800 ohms 
and fed with 300-ohm line, the matching sec-
tion should have an impedance of about 500 
ohms. 

• ARRAYS FOR 220 AND 420 MC. 
The use of high-gain antenna systems is almost 

a necessity if work is to be done over any great 
distance on 220 and 420 Mc. Experimentation 
with antenna arrays for these frequencies is 
fascinating indeed, as their size is so small as.to 
permit trying various element arrangements and 
feed systems with ease. Arrays for 420 Me., par-
ticular. ly, are convenient for investigation and 
demonstration of antenna principles, as even 
high-gain systems may be of table-top propor-
tions. 
Any of the arrays described previously may be 

used on these bands, but those having large num-
bers of driven elements in phase are more readily 
adjusted for maximmn effectiveness. The 12-
and 16-element arrays of Figs. 18-9 and 18-10 are 
well adapted to use on 220 or 420. Suitable di-
mensions may be found in Table 18-I. 
A 16-element array for 220 Mc. and a 24-

element array for 420 Me. are shown mounted 
back-to-back. in Fig. 18-14. The 220-Mc, portion 
follows the 16-clement design already described. 
It is fed at the center of the system with 300-ohm 
tubular Twin-Lead, matched to the center im-
pedance of the array through a " Q" section of 
f6-inch tubing, spaced about 1 inches center to 

center. This spacing was adjusted for minimum 
standing-wave ratio on the line. 

Elements in the array shown are of 7/f6-inch 
aluminum fuel-line tubing, which is very light in 
weight and easily worked. The supporting struc-

ture is dural tubing, using the clamp assembly 
methods of Fig. 18-12. 
The 420-Mc, array uses two 12-element as-

semblies similar to Fig. 18-10, mounted one above 
the other, about one half wavelength separating 
the bottom of one from the top of the other. The 
two sets of phasing lines are joined by means of 
one-wavelength sections of Twin-Lead at the 
middle of the array. This junetion, which has an 
impedance of around 150 ohms, is fed with 300-
ohm tubular Twin-Lead through an adjustable 
"Q" section. 

Elements in the 420-Mc, array are cut from 
thin-walled 3-inch tubing. Their supports are 
the 7A6-inch stock used for the 220-Mc. elements. 
Slots were cut in the ends of these supports to take 
the elements, and a 4/40 screw was run through 
both pieces and drawn up tightly with a nut. The 
horizontal supports were fastened in holes drilled 
in the vertical members, and were also held in 
place with a 6/32 screw and nut. The small size! 
and light weight of the 420-Mc, array did not re-
quire the use of clamps to make a strong assem-
bly. 
The two one-wavelength sections of 300-ohm 

line are 21% inches long, taking the propagation 
factor into account. The "Q" section may be of 
any convenient size of tubing, VI to AI inch 
diameter. It should be made adjustable, as 
matching is important at this frequency. Dimen-
sions for both arrays can be taken from Table 
18-I. 

Plane- Reflector Arrays 

At 220 NIc. and higher, where their dimensions 
become practicable, plane-reflector arrays are 
widely used. Except as it affects the impedance 
of the system, as shown in Fig. 18-15, the spacing 
between the driven elements and the reflecting 
plane is not particularly critical. Maximum gain 
occurs around 0.1 to 0.15 wavelength, which is 
also the region of lowest impedance. Highest 
impttdattee appears at about 0.3 wavelength. A 
plane reflector spaced 0.22 wavelength in back of 
the driven elements has no effect on their feed 
impedance. As the gain of a plane-reflector 
array is nearly constant at spacings from 0.1 
to 0.25 wavelength, it may be seen that the 
spacing may be varied to achieve an impedance 
match. 
An advantage of the plane reflector is that it 

may be used with two driven element systems, 
one on each side' of the plane, providing for two-
band operation, or the incorporation of horizontal 
and vertical polarization in a single structure. 
The gain of a plane-refleetor array is slightly 
higher than that of a similar number of driven 
elements backed up by parasitic reflectors. It also 
has a broader frequency response and higher 
front-to-back ratio. To achieve these ends, the 
reflecting plane must be larger than the area of 
the driven elements, extending at least a quarter 
wavelength on all sides. Chicken wire on a wood 
or metal frame makes a good plane reflector. 
Clos:dy-spaced wires or rods may be substituted, 
with the spacing between them running up to 0.1 
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Fig. 18-14 — A 24-element array for 120 \ In. and a 16. 
element for 220 mounted back-to-back on a single 
support. 

wavelength without appreciable reduction in 
effectiveness. 

Corner Reflectors 

In the corner reflector two plane surfaces are 
set at an angle, usually between 45 and 90 de-
grees, with the antenna on a line bisecting this 
angle. Maximum gain is obtained with the an-
tenna 0.5 wavelength from the vertex, but com-
promise designs can be built with closer spacings. 
There is no focal point, as would be the case for a 

• 

Fig. 18-15 — Feed impedance of the 
driven element in a corner-reflector 
array for corner angles of 180 (flat 
sheet), 90, 60 and 45 degrees. " D" is 
the dipole to vertex spacing. 
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parabolic reflector. Corner angles greater than 90 
degrees can be used at some sacrifice in gain. At 
less than 90 degrees the gain increases, but the 
size of the reflecting sheets must be increased to 
realize this gain. 
At a spacing of 0.5 wavelength from the vertex, 

the impedance of the driven element is approxi-
mately twice that of the same dipole in free space. 
The impedance decreases with smaller spacings 
and corner angles, as shown in Fig. 18-15. The 
gain of a corner-reflector array with a 90-degree 
angle, 0.5 wavelength spacing and sides 1 wave-
length long is approximately 10 db. Principal 
advantages of the corner reflector are broad fre-
quency response and high front-to-back ratio. 

• MISCELLANEOUS ANTENNA 
SYSTEMS 

Coaxial Antennas 

With the ".1" antenna, radiation from the 
mateliing section and the transmission line 
tends to combine with the radiation from the 
antenna in such a way as to raise the angle of 
radiation. At v.h.f. the lowest possible radia-
tion angle is essential, and the coaxial antenna 
shown in Fig. 18-16 was developed to eliminate 
feeder radiation. The center conductor of a 
70-ohm concentric transmission line is extended 
one-quarter wave beyond the end of the line, to 
act as the upper half of a half-wave antenna. The 
lower half is provided by the quarter-wave sleeve, 
the upper end of which is connected to the outer 
conductor of the concentric line. The sleeve acts 
as a shield about the transmission line and very 
little current is induced on the outside of the line 
by the antenna field. The line is non-resonant, 
since its characteristic impedance is the same as 
the center impedance of the half-wave antenna. 
The sleeve may be made of copper or brass tub-
ing of suitable diameter to clear the transmission 
line. The coaxial antenna is somewhat difficult to 
construct, but is superior to simpler systems in its 
performance at low radiation angles. 
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rig. 18-16 — Coaxial 
antenna. The insulated 
inner conductor of the 
70-ohni concentric line 

connected to the 
quarter-wave metal 
rod which forms the 
upper half of the an-
tenna. 

Broadband Antennas 

Certain types of antennas used in television 
are of interest because they work across a wide 
band of frequencies with relatively uniform 
response. At very-high frequencies an antenna 
made of small wire is purely resistive only over 
a very small frequency range. Its Q, and there-
fore its selectivity, is sufficient to limit is op-
timum performance to a narrow frequency range, 
and readjustment of the length or tuning is re-
quired for each narrow slice of the spectrum. 
With tuned transmission lines, the effective 
length of the antenna can be shifted by retuning 
the whole system. However, in the case of an-
tennas fed by matched-impedance lines, any 
appreciable frequency change requires an actual 
mechanical adjustment of the system. Otherwise, 
the resulting mismatch with the line will be 
sufficient to cause significant reduction in power 
input to the antenna. 
A properly designed and constructed wide-

band antenna, on the other hand, will exhibit 
very nearly constant input impedance over 
several megacycles. 
The simplest method of obtaining a broad-

band characteristic is the use of what is termed 
a " cylindrical" antenna. This is no more than 
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a conventional doublet in which large-diameter 
tubing is used for the elements. The use of a 
relatively large diameter-to-length ratio lowers 
the Q of the antenna, thus broadening the reso-

nance characteristic. 
As the diameter-to-length ratio is increased, 

end effects also increase, with the result that. 
the antenna must be made shorter than a thin-
wire antenna resonating at the same frequency. 
The reduction factor may be as much as 20 per 
cent with the tubing sizes commonly used for 
amateur antennas at vhf. 

Cone Antennas 

From the cylindrical antenna various spe-
cialized forms of broadly-resonant radiators 
have been evolved, including the ellipsoid, 
spheroid, cone, diamond and double diamond. 
Of these, the conical antenna is perhaps the 
most interesting. With large angles of revolu-
tion, the variation in the characteristic imped-
ance with changes in frequency can be reduced 
to a very low value, making such an antenna 
suitable for extremely wide-band operation. The 
cone may be made up either of sheet metal or of 
multiple wire spines. A variation of this form of 
conical antenna is widely used in TV reception. 

Parabolic Reflectors 

A plane sheet may be formed into the shape 
of a parabolic curve and used with a driven 
radiator situated at its focus, to provide a highly-
directive antenna system. If the parabolic re-
flector is sufficiently large so that the distance 
to the focal point is a number of wavelengths, 
optical conditions are approached and the wave 
across the mouth of the reflector is a plane wave. 
However, if the reflector is of the same order of 
dimensions as the operating wavelength, or less, 
the driven radiator is appreciably coupled to the 
reflecting sheet and minor lobes occur in the pat-
tern. With an aperture of the order of 10 or 20 
wavelengths, sizes that may be practical for 
microwave work, a beam-width of approximately 

5 degrees may be achieved. 
A reflecting paraboloid must be carefully de-

signed and constructed to obtain ideal per-
formance. The antenna must be located at the 
focal point. The most desirable focal length of 
the parabola is that which places the radiator 
along the plane of the mouth: this length is 
equal to one-half the mouth radius. At other 
focal distances interference fields may deform 
the pattern or cancel a sizable portion of the 
radiation. 
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U.H.F. and Microwave 
Communication 

In moving into the microwave region the 
amateur encounters marked differences in both 
tlic technical approach and the uses to which his 
frequeney assignments may be put. Above 1000 
M. we must discard most of our conventional 
circuitry and antettna ideas. Coils and con-
densers are replaced by resonant cavities. Paral-
lel-wire transmission lines give way to coaxial 
lines or waveguide. Parasitic arrays are aban-
doned in favor of parabolic reflectors or horns. 
And in contrast to the random operating that 
has been so large a part of the amateur picture 
on our communication frequencies, microwave 
work is principally a matter of point-to-point 
communication between two cooperating sta-
tions. 
These basic differences have tended to raise a 

natural boundary in the region around 500 Mc., 
beyond which relatively few communicating ama-
teurs have ventured. The frequencies at the high 
end of the spectrum have a strong appeal to the 

experimenter, however, and new classes of li-
censes, now under discussion, are expected to 
provide the means whereby this type of worker 
may legally engage in two-way communica-
tion. 
At least some amateur work has been done in 

all the assignments now open to our use. The work 
of these pioneers in adapting the frequencies 
above 1000 Mc. to communication purposes has 
been in line with the best amateur tradition, and 
it is hoped that the bands beginning at 1215 Mc. 
will see much amateur exploration in the near 
future. The frequencies assigned to amateurs in 
the microwave region are as follows: 1215 to 
1300 Mc., 2300 to 2450 Mc., 3300 to 3500 Mc., 
5650 to 5925 Mc., 10,000 to 10,500 Mc., and 
21,000 to 22,000 Mc. Any frequency above 
30,000 Mc. may be used. Any type of emission 
may be used in any of these bands, except in the 
case of the lowest, where pulse transmission is 
prohibited. 

U.H.F. Tank Circuits 

In resonant circuits as employed at the lower 
frequencies it is possible to consider each of the 
reactance components as a separate entity. A 
coil is used to provide the required inductance 
and a condenser is connected across it to pro-
vide the needed capacitance. The fact that the 
coil itself has a certain amount of self-capaci-
tance, as well as some resistance, while the 
condenser also possesses a small self-induct-
ance, can usually be disregarded. 

At the very-high and ultrahigh frequencies, 
however, it is no longer possible to separate 
these components. The connecting leads which, 
at lower frequencies, would serve merely to 
join the condenser to the coil now may have 
more inductance than the coil itself. The re-
quired inductance coil may be no more than a 
single turn of wire, yet even this single turn 
may have dimensions comparable to a wave-
length at the operating frequency. Thus the 
energy in the field surrounding the " coil" may 
in part be radiated. At a sufficiently high fre-
quency the loss by radiation may represent a 
major portion of the total energy in the circuit. 
Since energy which cannot be utilized as in-
tended is wasted, regardless of whether it is 
consumed as heat by the resistance of the wire 
or simply radiated into space, the effect is as 
though the resistance of the tuned circuit were 
greatly increased and its Q greatly reduced. 

For this reason, it is common practice to 
utilize resonant sections of transmission line as 
tuned circuits at frequencies above 100 Me. A 
quarter-wavelength line, or any odd multiple 
thereof, shorted at one end and open at the 
other, exhibits large standing waves. When 
a voltage of the frequency at which such a 
line is resonant is applied to the open end, the 
response is very similar to that of a parallel 
resonant circuit; it will have very high input 
impedance at resonance and a large current 
flowing at the short-circuited end. The input 
impedance may be as high as 0.4 megohm for a 
well-constructed line. 
The action of a resonant quarter-wavelength 

line can be compared with that of a coil-and-
condenser combination whose constants have 
been adjusted to resonance at a corresponding 
frequency. Around the point of resonance, in 
fact, the line will display very nearly the same 
characteristics as those of the tuned circuit. 
The equivalent relationships are shown in Fig. 
19-1. At frequencies off resonance the line 
displays qualities comparable to the induc-
tive and capacitive reactances of the coil-and-
condenser circuit, although the exact relation-
ships involved are somewhat different. For all 
practical purposes, however, sections of reso-
nant wire or transmission line can be used in 
much the same manner as coils or condensers. 
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In circuits operating above 300 Me., the 

spacing between conductors becomes an ap-
preciable fraction of a wavelength. To keep 
the radiation loss as small as possible the 
parallel conductors should not be spaced far-
ther apart than 10 per cent of the wavelength, 
center to center. On the other hand, the spacing 
of large-diameter conductors should not be 
reduced to much less twice the diameter be-
cause of what is known as the proximity effect, 
whereby another form of loss is introduced 
through eddy currents set up by the adjacent 
fields. Because the cancellation is no longer 
complete, radiation from an open line becomes 
so great that the Q is greatly reduced. Conse-
quently, at these frequencies coaxial lines must 
be used. 

Construction 

Practical information concerning the con-
struction of transmission lines for such specific 
uses as feeding antennas and as resonant cir-
cuits in radio transmitters will be found in this 

Fig. 19-1 — Equivah.nt coupling circuits for parallel-
line, coaxial-line and conventional resonant circuits. 

and other chapters of this Handbook. Cer-
tain basic considerations applicable in general 
to resonant lines used as circuit elements may 
be considered here, however. 

While either parallel-line or coaxial sections 
may be used, the latter are preferred for higher-
frequency operation. Representative methods 
for adjusting the length of such lines to reso-
nance are shown in Fig. 19-2. At the left, a slid-
ing shorting disk is used to reduce the effective 
length of the line by altering the position of 
the short-circuit. In the center, the sanie effect 
is accomplished by using a telescoping tube in 
the end of the inner conductor to vary its 
length and thereby the effective length of the 
line. At the right, two possible methods of 
mounting parallel-plate condensers, used to 
tune a " foreshortened" line to resonance, are 
illustrated. The arrangement with the loading 
capacitor at the open end of the line has the 
greatest tuning effect per unit of capacitance; 
the alternative method, which is equivalent to 
"tapping" the condenser down on the line, has 
less effect on the Q of the circuit. Lines with 
capacitive " loading" of the sort illustrated will 
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be shorter, physically, than an unloaded line 
resonant at the same frequency. 
The short-circuiting disk at the end of the 

line must be designed to make perfect electrical 
contact. The voltage is a minimum at this end 
of the line; therefore, it will not break down 
some of the thinnest insulating films. Usually a 

Fig. 19-2 — Methods of tuning coaxial resonant lines. 

soldered connection or a tight clamp is used to 
secure good contact. When the length of line , 
must be readily adjustable, the shorting plug is 
provided with spring collars which make con-
tact on the inner and outer conductors at some 
distance away from the shorting plug at a 
point where the voltage is sufficient to break 
down the film between the collar and conductor. 
Two methods of tuning parallel-conductor 

lines are shown in Fig. 19-3. The sliding short-
circuiting strap can be tightened by means of 
screws and nuts to make good electrical con-
tact. The parallel-plate condenser in the second 
drawing may be placed anywhere along the 
line, the tuning effect becoming less as the 
condenser is located nearer the shorted end 
of the line. Although a low-capacitance varia-
ble condenser of ordinary construction can be 
used, the circular-plate type shown is symmet-
rical and thus does not unbalance the line. It 
also has the further advantage that no insulat-
ing material is required. 

Fig. 19-3 — Methods 
of tuning parallel-
type resonant lines. 

Equivalent impedance points, for coupling or 
impedance-transformation purposes, are shown 
in Fig. 19-1 for parallel-line, coaxial-line, and 
conventional coil-and-condenser circuits. 

Lumped. Constant Circuits 

At the very-high frequencies the low values 
of L and C required make ordinary coils and 
condensers impracticable, while linear circuits 
offer mechanical difficulties in making tuning 
adjustments over a wide frequency range, and 
radiation from unshielded lines may reduce 
their effectiveness materially. 
To overcome these difficulties, special high-Q 
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lumped-constant circuits have been developed 
in which connections from the " condenser" to 
the " coil" are an inherent part of the structure. 
Integral design minimizes both resistance and 
inductance and increases the CIL ratio. 
The simplest of these circuits is based on the 

use of disks combining half-turn inductance 
loops with semicircular condenser plates. By 
connecting several of these half-turn coils in 
parallel, the effective inductance is reduced to 
a value appreciably below that for a single 
turn. Tuning is accomplished by interleaving 
grounded rotor plates between the turns. Both 
by shielding action and short-circuited-turn 
effect, these further reduce the inductance. 

Another type of high-C circuit is a single-
turn toroid, commonly termed the " hat" res-
onator. Two copper shells with wide, flat 
"brims" are mounted facing each other on an 
axially-aligned copper rod. The capacitance in 
the circuit is that between the wide shells, while 
the central rod comprises the inductance. 

"Butterfly" Circuits 

The tank circuits described in the preceding 
sert ion are primarily fixed-frequency devices. 
The " but terfly " circuits shown in Fig. 19-4 are 
capable of } wing tuned over an exceptionally 
wide range, while t ill having high Q and rea-
sonable physical dimensions. 'I'he eircuit at A 
is derived from a conventional balanced-type 
variable condenser. The inductance is in the 
wide circular band connecting the stator plates. 
At its minimum setting the rotor plate fills the 
opening of the loop, reducing the inductance to 
a minimum. Connections are made to points 1 
and 2. This basic structure eliminates all con-
necting leads and avoids all sliding or wiping 
electrical contacts to a rotating member. A dis-
advantage is that the electrical midpoint shifts 
from point 3 to point 3' as the rotor is turned. 
Constant magnetic coupling may be obtained 
by a coupling loop located at point 4, however. 

In the modification shown at D, two sectoral 
stators are spaced ISO degree›. I hereby achiev-

Wave Guides and 
A wave guide is a conducting tube through 

which energy is transmitted in the form of elec-
tromagnetic waves. The tube is not considered 
as carrying a current in the same sense that the 
wires of a two-conductor line do, but rather as 
a boundary which confines the waves to the 
enclosed space. Skin effect prevents any elec-
tromagnetic effects from being evident outside 
the guide. The energy is injected at one end, 
either through capacitive or inductive coupling 
or by radiation, and is received at the other 
end. The wave guide then merely confines the 
energy of the fields, which are propagated 
through it to the receiving end by means of 
reflections against its inner walls. 
The difficulty of visualizing energy transfer 

without the usual closed circuit can be relieved 
somewhat by considering the guide as being 
evolved from an ordinary two-conductor line. 

(c) 
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Fig. 19-4 —"Butterfly" tank circuits for v.h.f., showing 
front and cross-section views and the equivalent circuit. 

ing the electrical symmetry required to permit 
tapping for balanced operation. Connections 
to 1 he circuit should be made at points 1 and 2 
and it may be tapped at points 3 and 3', which 
are the electrical midpoints. Where magnetic 
coupling is employed. points .1 and 4' are suit-
able loca t ions for coupling links. 
The capacitance of any butterfly circuit may 

be computed by the standard formula for 
parallel-plate ( itoukujsers given in the data chapter. 
The maximum inductance can be obtained ap-
proximately by finding the inductance of a 
full ring of the same diameter and multiplying 
the result by a factor of 0.17. The ratio of min-
imum to maximum inductance varies between 
1.5 and 4 with conventional construction. 
Any number of butterfly sections may be con-

nected in parallel. In practice, units of four to 
eight plates prove most satisfactory. The ring 
and stator sections may either be made in a 
single piece or with separate sectoral stator 
plates and spacing rings as,embled with ma-
chine screws. 

Cavity Resonators 
In Fig. 19-5A, several closed quarter-wave 

stubs are shown connected in parallel across a 
two-wire transmission line. Since the open end 
of each stub is equivalent to an open circuit, the 
line impedance is not affected by their presence. 
Enough stubs may be added to form a " U"-
shaped rectangular tube with solid walls, as at 
B, and another identical " U"-shaped tube may 
be added edge-to-edge to form the rectangular 
pipe shown in Fig. 19-5C. As before, the line 
impedance still will not be affected. But now; 
instead of a two-wire transmission line, the 
energy is being conducted within a hollow 
rectangular tube. 

This analogy to wave-guide operation is not 
exact, and therefore should not be taken too 
literally. In the evolution from the two-wire 
line to the closed tube the electric- and mag-
netic-field configurations undergo considerable 
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(A) (B) 

Fig. 19-5 — Evolution of a IN as e guide from a two-u ire tran-mission line. 

change, with the result that the guide does not 
actually operate like a two-conductor line 
shunted by an infinite number of quarter-wave 
stubs. If it did, only waves of the proper length 
to correspond to the stubs would be propa-
gated through the tube, but the fact is that 
such waves do not pass through the guide. 
Only waves of shorter length — that is, higher 
frequency — can go through. The distance x 
represents half the cut-off wavelength, or the 
shortest wavelength that is unable to go 
through the guide. Or, to put it another way. 
waves of length equal to or greater than 2x 
cannot be propagated in the guide. 
A second point of difference is that the ap-

parent length of a wave along the direction of 
propagation through a guide always is greater 
than that of a wave of the same frequency in 
free space, whereas the wavelength along a 
two-conductor transmission line is the same as 
the free-space wavelength (when the insula-
tion between the wires is air). 

Operating Principles of Wave Guides 

Analysis of wave-guide operation is based on 
the assumption that the guide material is a 
perfect conductor of electricity. Typical dis-
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— - 

E ECTRIC FIELD INTENSITY 

MAGNETIC INTENSITY 
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1 , 14,4 

(B) 
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Fig. 19-6— Field distribution in a rectangular wave 
guide. The TFt,o mode of propagation is depicted. 

tributions of electric and mag-
netic fields in a rectangular 
guide are shown in Fig. 19-6. 
It will be observed that the 
intensity of the electric field 
is greatest at the center along 
the x dimension, diminishing 
to zero at the end walls. The 
latter is a necessary condition, 
since the existence of any elec-

tric field parallel to the walls at the surface would 
cause an infinite current to flow in a perfect con-
ductor. This represents an impossible situation. 

Zero electric field at the end walls will result 
if the wave is considered to consist of two sepa-
rate waves moving in zigzag fashion down the 
guide, reflected back and forth from the end 
walls as shown in Fig. 19-7. Just at the walls, 
the positive crest of one wave meets the nega-
tive crest of the other, giving complete can-
cellation of the electric fields. The angle of 

POSITIVE CREST 
NEGATIVE CREST 

  (A) 

19-7 — Reflection of two component was es in a 
rectangular guide. x= wavelength in space, tg = wave-
length in guide. Direction of wave motion is perpendicu-
lar to the wave front (çrests) as shown by the arrows. 

reflection at which this cancellation occurs de-
pends upon the width x of the guide and the 
length of the waves; Fig. 19-7A illustrates 
the case of a wave considerably shorter than 
the cut-off wavelength, while B shows a longer 
wave. When the wavelength equals the cut-off 
value, the two waves simply bounce back and 
forth between the walls and no energy is trans-
mitted through the guide. 
The two waves travel with the speed of light, 

but since they do not travel in a straight line 
the energy does not travel through the guide as 
rapidly as it does in space. A further conse-
quence of the repeated reflections is that the 
points of maximum intensity or wave crests 
are separated more along the line of propaga-
tion in the guide than they are in t he t wo sepa-
rate waves. In other words, the wavelength in 
the guide is greater than the free-space wave-
length. This is also shown in Fig. 19-7. 

Modes of Propagation 

Fig. 19-6 represents a relatively simple dis-
tribution of the electric and magnetic fields. 
There is in general an infinite number of ways 
in which the fields can arrange themselves in a 
guide so long as there is no upper limit to the 
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frequency to be transmitted. Each field config-
uration is called a mode. All modes may 
separated into two general groups. One group, 
designated 7'M (transverse magnetic), has the 
magnetic field entirely transverse to the direc-
tion of propagation, but has a component of 
electric field in that direction. The ot her type, 
designated TE (transverse electric) has the elec-
tric field entirely transverse, but has a com-
ponent of magnetic field in the direction of 
propagation. 7'M waves are sometimes called 
E waves, and TE waves are sometimes called 
II waves, but the TM and TE designations are 
preferred. 

The particular mode of transmission is 
identified by the group letters followed by two 
subscript numerals; for example, TE1.0, 
7'.1/1,1. etc. The number of possible modes in-
creases wit h frequency for a given size of guide. 
There is only one possible mode (called the 
dominant mode) for the lowest frequency that 
can be transmitted. The dominant mode is the 
one generally used in practical work. 

Wave-Guide Dimensions 

In t he rectangular guide the critical dimen-
sion is x in Fig. 19-5; this dimension must be 
more than one-half wavelength at the lowest 
frequency to be transmit ted. In pram te, t he y 
dimen-ion usually is made about equal It .;./. 

to avoid the possibility of operation at ollar 
than the dominant mode. 

Other eross-sertional shapes than the rec-
tangle can be used, the no important being 
the circular pipe. Much the sanie considera-
tions apply as ill 111e rectangular ease. 

Wavelength formulas for rectangular and 
circular guides are given in the following table, 
where .r is the width of a rectangular guide and 
r is 11te radius of a circular guide. All figures 
are in terms of t he dominant mode. 

Itectanyeelar etreslar 
mavelength  2e 3.41r 

Longest wavelength trait  
toitted wit l. :.tten-
nation  16e 3.2r 

Shorte.t wavelength before 
next mode becomes pos-
sible  1.1x 2.8r 

Cavity Resonators 

At low and medium radio frequencies reso-
nant circuits usually are composed of " lumped" 
constants of L and C; that is, the inductance is 
concentrated in a coil and the capacitance con-
centrated in a condenser. However, as t he fre-
quency is increased, coils and condensers must 
be reduced to impracticably small physical 
dimensions. Up to a certain point this difficult y 
may be overcome by using linear circuits but 
even t hese fail at extremely high frequencies. 
Anal her kind of circuit particularly applicable 
at wavelengths of the order of centimeters is 
the cavity resonator, which may be looked upon 
as a section of a wave guide with the dimensions 
chosen so that waves of a given length can be 
maintained inside. 

The derivation of one type of cavity resona-
tor from an ordinary LC circuit is shown in 
Fig. 19-8. As in the case of the wave-guide 
derivation, this picture must be accepted with 
some reservations, and for the saine reasons. 

Considering that even a straight piece of wire 
has appreciable inductance at very-high fre-
quencies, it may be seen in Fig. 10-8A and B 
that a direct short across a two-plate con-
denser with air dielectric is the equivalent of a 
tuned circuit with a typical coiled inductance. 
With two wires between the plates, as shown 
in Fig. 19-8C, the circuit may be thought of 

(E) 

rs 

(_B) 

(D) 

 Plunger 

L (F) 

Fig. 19-8 — Steps in the derivation of a ca%itv resona-
tor from a conventional coil-and-condenser tunt:d circuit. 

as a resonant-line section. For the, or even low 
frequency r.f., this line would appear as a short 
across the two condenser plates. At the ultra-
high frequencies, however, such a section of 
line a quarter wavelength long would appear as 
an open circuit when viewed from one of the 
plates with respect to the other end of the 
sert ion. 

Increasing the number of parallel wires be-
tween the plates of the condenser would have 
no effect on the equivalent circuit, as sluiwn at 
D. Eventually, the closed figure at E will be 
developed. since each wire which is added in D 
is like connecting inductances in parallel, the 
total inductance across the condenser becomes 
increasingly smaller as the solid form is ap-
proached. and the resonant frequency of the 
figure therefore becomes higher. 

If energy now is introduced into the cavity 
in a manner such as that shown at F, t he circuit 
will respond like any equivalent coil-condenser 
tank circuit at its resonant frequency. A cavity 
resonator may I herefore be used as a u.h.f. tun-
ing element, along with a varmint tube a iii t-

a  design, to form the main components of 
an oscillator circuit which will be vapable of 
functioning at frequencies considerably beyond 
the maximum limits possible when conven-
tional tubes, coils and condensers are employed. 

Of her shapes than the cylinder may be used 
as resonators, among them the rectangular 
box, the sphere, and the sphere with re-entrant 
cones, as shown in Fig. 19-9. The resonant fre-
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quency depends upon the dimensions of the 
cavity and the mode of oscillation of the waves 
(comparable to the transmission modes in a 
wave guide). For the lowest modes the reso-
nant wavelengths are as follows: 

Cylinder  2.61r 
Square box  1.411 
Sphere  2.28r 
Sphere with re-entrant cones  4e 

The resonant wavelengths of the cylinder 
and square box are independent of the height 
when the height is less than a half-wavelengt h. 
In other modes of oscillation the height must 
be a multiple of a half-wavelength as measured 
inside the cavity. Fig. 19-8F shows how a 
cylindrical cavity can be tuned when operating 
in such a mode. Other tuning methods include 
placing adjustable tuning paddles or " slugs" 
inside the cavity so that the standing-wave 
pattern of the electric and magnetic fields can 
be varied. 

4-4 

SQUARE PRISM 

SPHERE 

CYLINDER 

SPHERE WITH 
REENTRANT CONES 

Fig. 19-9 — Forms of cavity resonators. 

A form of cavity resonator in wide practical 
use is 1 he re-entrant cylindrical type shown in 
Fig. 1!1-10. It is useful in connection wit h vac-
uum-tube oscillators of the types described 
for u.h.f. use elsewhere in this chapter. In con-
struction it resembles a concentric line closed 
at both ends with capacitance loading at the 
top, but the actual mode of oscillation may 
differ considerably from that occurring in 
coaxial lines. The resonant frequency of such a 
cavity depends upon the diameters of the two 
cylinders and the distance d between the ends 
of the inner and outer cylinders. 

CROSS-SECTIONAL VIEW 

Fig. 19-10 — Re-entrant cylindrical cavity resonator. 

Compared to ordinary resonant circuits, 
cavity resonators have extremely-high Q. 
A value of Q of the order of 1000 or more is 
readily obtainable, and Q values of several 
thousand can readily be secured with good 
design and construction. 

Coupling to Wave Guides and Cavity 
Resonators 

Energy may be introduced into or ab-
stracted from a wave guide or resonator by 
means of either the electric or magnetic field. 
The energy transfer frequently is through a 
coaxial line, two methods for coupling to which 
are shown in Fig. 19-11. The probe shown at A 
is simply a short extension of the inner con-
ductor of the coaxial line, so oriented that it 
is parallel to the electric lines of force. The 
loop shown at 13 is arranged so that it encloses 
some of the magnetic lines of force. The point 
at which maximum coupling will be secured 
depends upon the particular mode of propa-
gation in the guide or cavity; the coupling 
will be maximum when the coupling device 
is in the most intense field. 

Coupling can be varied by turning either the 
probe or loop through a 90-degree angle. 
When the probe is perpendicular to t he elec-
tric lines the coupling will be minimum; simi-
larly, when the plane of the loop is parallel 
to the magnetic lines the coupling will have 
its least possible value. 

(A) (a) 
Fig. 19.1 1 Coupling to wave guides and resonators. 

U.H.F. and Microwave Tubes 
At very-high frequencius, inturuluct r H Il ua-

pacitance and the inductance of internal leads 
determine the highest possible frequency to 
which a vacuum tube can be tuned. The tube 
usually will not oscillate up to this limit, how-
ever, because of dich•ctric losses, grid emission, 
and " transit-time" effects. In low-frequency 
operation, the actual time of flight of electrons 
between the cathode and the anode is negligible 
in relation to the duration of the cycle. At 1000 
kc., for example, transit time of 0.001 microsec-
ond, which is typical of conventional tubes, is 
only 1/1000 cycle. But at 100 Mc., this same 

transit t I 10 of a cycle, and a 
full cycle at 1000 I. These limiting factors 
establish about 3000 1,•. as the upper fre-
quency limit for negat v,.- grid tubes. 
With tubes of ordinary construction, the 

upper limit of oscillation is about 150 Mc. For 
higher frequencies, v.h.f. tubes of special con-
struction are used. The " acorn" and " door-
knob" types and the special v.h.f. " miniature" 
tubes, in which the grid-cathode spacing is 
made as little as 0.005 inch, are capable of 
operation up to about 700-800 Mc. The normal 
frequency limit is around 600 Mc., although 
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output may be obtained up to 800 Megacycles. 

Very low interelectrode capacitance and lead 
inductance have been achieved in the newer 
tubes of modified construction. In multiple-
lead types the electrodes are provided with up 
to three separate leads which, when connected 
in parallel, have considerably-reduced effective 
inductance. In double-lead types the plate and 
grid elements are supported by heavy single 
wires which run entirely through the envelope, 
providing terminals at either end of the bulb. 
When a resonant circuit is connected to each 
pair of leads, the shunting capacitance divides 
between the two circuits. With linear circuits 
the leads become a part of the line and have 
distributed rather than lumped constants. 
Radiation loss is minimized and the effect of 
the transit time is reduced. In " lighthouse" 
tubes or mcgatrons the plate, grid and cathode 
are assembled in parallel planes, as shown in 
Fig. 19-12, instead of coaxially. The uniform 
coplanar electrode design and disk-seal ter-
minals permit low interelectrode capacitance. 

Velocity Modulation 

In negative-grid operation the potential on 
the grid tends to reduce the electron velocity 
during the more negative half of the oscillation 
cycle, while on the other half-cycle the positive 
potential on the grid serves to accelerate them. 
Thus the electrons tend to separate into groups, 
those leaving the cathode during the negative 
half-cycle being collectively slowed down, while 
those leaving on the positive half are ac-
celerated. After passing into the grid-plate 
space only a part of the electron stream follows 
the original form of the oscillation cycle, the 
remainder traveling to the plate at differing 
velocities. Since these contribute nothing to the 
power output at the operating frequency, the 
efficiency is reduced in direct proportion to the 
variation in velocity, the output reaching a 
value of zero when the transit time approaches 
a half-cycle. 

This effect, such a disadvantage in conven-
tional tubes, is an advantage in velocity-modu-
lated tubes in that the input signal voltage on 
the grid is used to change the velocity of the 
electrons in a constant-current electron beam, 

rather than to 
vary the inten-
sity of a con-
stant-velocity 
current flow as 

Glass is the method 
in ordinary 
tubes. 

R F Cathode A simple 
form of veloc-
ity-modulation 
oscillator tube 
is shown in 
Fig. 1 9 - 1 3. 
Electrons 
emitted from 
the cathode are 

Mica 
Heater 

Plate 

Grid 

cathode 

connection 

D.C.Cathode. 
connection 

Fig. 19-12 — Sectional view of the 
"lighthouse" tube's construction. 
Close electrode spacing reduces 
transit time while the disk electrode 
connections reduce lead inductance. 

CONCENTRIC LINE 
OUTPUT CIRCUIT 

-30 V 

+350V. 

COI.LECTOR 
+4V 

Fig. 19-13 — Simple form of cylindrical-grid velocity. 
modulated tube with retarding-field collector and 
coaxial-line output circuit, used as a superheterodyne 
high-frequene% oscillator or as a superregenerative 
detector. Similar tubes can also be used as r.f. ampli-
fiers and frequency converters in the 5-50-cm. region. 

accelerated through a negatively-biased cylin-
drical grid by a constant positive voltage ap-
plied to a sleeve electrode, shown in heavy lines. 
This electrode, which is the velocity-modulation 
control grid, consists of two hollow tubes, with 
a small space at each end between the inner 
tube, through which the electron beam passes, 
and the disks at the ends of the larger tube 
portion. With r.f. voltage applied across these 
gaps, which are small compared to the distance 
traveled by the electrons in one half-cycle, 
electrons entering the tube will be accelerated 
on positive half-cycles and decelerated on the 
negative half-cycles. The length of the tube is 
made equal to the distance covered by the 
electrons in one-half cycle, so that the electrons 
will be further accelerated or decelerated as 
they leave the tube. 
As the beam approaches the collector elec-

trode, which is at nearly zero potential, the 
electrons are retarded, brought to rest, and 
ultimately turned back by the attraction of 
the positive sleeve electrode. The collector 
electrode is, therefore, also termed a reflector. 
The point at which electrons are returned de-
pends on their velocity. Thus the velocity 
modulation is again translated into current 
modulation. 

Velocity-modulated tubes operate satisfac-
torily up to 6000 Mc. (5 cm.) and higher, with 
outputs of 100 watts or more. 

The Klystron 

In the klystron velocity-modulated tube, the 
electrons emitted by the cathode are acceler-
ated or retarded during their passage through 
an electric field established by two grids in a 
cavity resonator, or rhumbatron, called the 
"buncher." The high-frequency electric field 
between the grids is parallel to the electron 
stream. This field accelerates the electrons at 
one moment and retards them at another, in 
accordance with the variations of the r.f. volt-
age applied. The resulting velocity-modulated 
beam travels through a field-free " drift space," 
where the slowly-moving electrons are gradu-
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ally overtaken by the faster ones. The electrons 
emerging from the pair of grids therefore are 
separated into groups or bunched along the 
direction of motion. The velocity-modulated 
electron stream is passed to a " catcher" 
rhumbatron. Again the beam passes through 
two parallel grids; the r.f. current created by 
the bunching of the electron beam induces an 
r.f. voltage between the grids. The catcher cav-
ity is made resonant at the frequency of the 
velocity-modulated electron beam, so that an 
oscillating field is set up within it by the pas-
sage of the electron bunches through the grid 
aperture. 

If a feed-back loop is provided between the 
two rhumbatrons, as shown in Fig. 19-14, oscil-
lations will occur. The resonant frequency de-
pends on the electrode voltages and on the 
shape of the cavities, and may be adjusted by 
varying the supply voltage and altering the 
dimensions of the rhumbatrons. The bunched 
beam current is rich in harmonics, but the out-
put waveform is remarkably pure because the 
high Q of the catcher rhumbatron suppresses 
the unwanted harmonics. 

Magnetrons 

A magnetron is fundamentally a diode with 
cylindrical electrodes placed in a uniform mag-
netic field with the lines of electromagnetic 
force parallel to the elements. The simple cylin-
drical magnetron consists of a filamentary 
cathode surrounded by a concentric cylindrical 
anode. In the more efficient split-anode magne-
tron the cylinder is divided longitudinally. 
Magnetron oscillators are operated in two 

different ways. Electrically the circuits are 
similar, the difference being in the relation be-
tween electron transit time and the frequency 
of oscillation. 

In the negative-resistance or dynatron type 

suS v.A C 

Fig. 19-14 — Circuit diagram of the klystron oscillator, 
showing the feed-back loop coupling the frequency.con. 
trolling rhumbatrons and the output loop in the catcher. 

of magnetron oscillator, the element dimen-
sions and anode voltage are such that the 
transit time is short compared with the period 
of the oscillation frequency. Electrons emitted 
from the cathode are driven toward both 
halves of the anode. If the potent ials of the two 
halves are unequal, the effect of t he magnetic 
field is such that the majority of the electrons 

Direction a magnetic bad—. 

filament 

Direction of magnetic field 

Filament Anode 

(B) 
Fig. 19-15 — Conventional magnetrons, with equivalent 
schematic symbols at the right. A, simple cylindrical 
magnetron. B, split-anode negative-resistance magnetron. 

travel to that half of the anode that is at the 
lower potential. In other words, a decrease in 
the potential of either half of the anode results 
in an increase in the electron current flowing to 
that half. The magnetron consequently exhib-
its negative-resistance characteristics. Nega-
tive-resistance magnetron oscillators are use-
ful between 100 and 1000 Me. Under the 
best operating conditions efficiencies of 20 to 
25 per cent may be obtained. Since the power 
loss in the tube appears as heat in the anode, 
where it is readily dissipated, relatively large 
power-handling capacity can be obtained. 

In the transit-time magnetron the frequency 
is determined primarily by its dimensions and 
by the electric and magnetic field intensities 
rather than by the tuning of the tank circuits. 
The efficiency is much better than that of a 
positive-grid oscillator and good power output 
can be obtained even on the superhighs. 

In a nonoscillating magnetron with a weak 
magnetic field, electrons traveling from the 
cathode to the anode move almost radially, 
their trajectories being bent only slightly by 
the magnetic field. With increased magnetic 
field the electrons tend to spiral around the 
filament, their radial component of velocity 
being much smaller than the angular com-
ponent. Under critical conditions of magnetic 
field strength, a cloud of electrons rotates 
about the filament. It extends up to the anode 
but does not actually reach it. 
The nature of these elect ron trajectories is 

shown in Fig. 19-16. Cases A, B and C corre-
spond to the nonoscillating condition. For a 
small magnetic field (A) the trajectory is bent 
slightly near the anode. This bending increases 
for a higher magnetic field (B) and the elec-
tron moves through quite a large angle near 
the anode before reaching it, signifying a large 
increase of space charge near the anode. For a 
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strong magnetic field (C) electrons start radi-
ally from the cathode but are soon bent and 
curl about the filament in the form of a long 
spiral before reaching the anode. This means a 
very long transit time and a very large space 
charge in the whole region where the spiraling 
takes place. Under critical conditions ( D), no 
current flows to the anode and no electron is 
able to move from cathode to anode, but a large 
space charge still exists between the cathode 
and anode. The spiraling becomes a set of con-
centric circles, and the entire space-charge 
distribution rotates about the filament. 

(ffi t) (E) (F) 

la 

1-4 H --> 
Fig. 19-16 — Electron trajectories for increasing values 
of magnetic field strength, //. Below is shown the corre-
sponding curve of plate current, h. Oscillations com-
mence when // reaches a critical value, IL; progressively 
higher-order modes of oscillation occur beyond this point. 

Fig. 19-16E, F and G depicts higher-order 
(harmonic-type) modes of operation in which 
the space charge oscillates not only symmetri-
cally but in transverse directions contrasting 
to the vibrations of the fundamental. 

In a transit-time magnetron oscillator the 
intensity of the magnetic field is adjusted so 
that, under static conditions, electrons leaving 
the cathode move in curved paths which just 
fail to reach the anode. All electrons are there-
fore deflected back to the cathode, and the 
anode current is zero. When an alternating 
voltage is applied between the two halves of 
the anode, causing the potentials of these halves 
to vary about their average positive values, the 
conditions in the tube become analogous to 
those in a positive-grid oscillator. If the period 
of the alternating voltage is made equal to the 
time required for an electron to make one 
complete rotation in the magnetic field, the 
a.c. component of the anode voltage reverses 
direction twice with each electron rotation. 
Some electrons will lose energy to the electric 
field, with the result that they are unable to 
reach the cathode and continue to rotate 
about it. Meanwhile other electrons gain energy 
from the field and are returned to the cathode. 

 - 
COLLECTOR 

Cgift.ode 
Fig. 19-17 — 
Split - anode 
magnetron 
with integral 
resonant anode 
cavity for 
use at u. h.f. 

Since those electrons that lose energy remain 
in the interelectrode space longer than those 
that gain energy, the net effect is a transfer of 
energy from the electrons to the electric field. 
This energy can be applied to sustain oscilla-
tions in a resonant transmission line connected 
between the two halves of the anode. 

Split-anode magnetrons for u.h.f. are con-
structed with a cavity resonator built into the 
tube structure, as illustrated in Fig. 19-17. The 
assembly is a solid block of copper which 
assists in heat dissipation. At extremely high 
frequencies operation is improved by subdivid-
ing the anode structure into from 4 to 16 or 
more segments, the resonant cavities for each 
anode coupled by slots of critical dimensions 
to the common cathode region, as in Fig. 19-18. 
The efficiency of multisegment magnetrons 

reaches 65 or 70 per cent. Slotted-anode mag-
netrons with four segments function up to 
30,000 Mc. (1 cm.), delivering up to 100 watts 
at efficiencies greater than 50 per cent. Using 
larger multiples of anodes and higher-order 
modes, performance can be attained at 0.2 cm. 

Fig. 19-18 — 
NI ultisegment 
magnetron 
with four res-
onant cavities. 
This construc-
tion is used for 
extremely high 
frequencies. 

Traveling-Wave Tubes 

Gain as high as 23 db. over a bandwidth of 
800 Mc. at a center frequency of 3600 Mc. has 
been obtained through the use of a fairly-simple 
traveling-wave amplifier tube. Shown schemati-
cally in Fig. 19-19, the circuit consists of a helix, 
down which an electromagnetic wave travels. An 
electron beam is shot through the helix parallel 
to its axis, and in the direction of propagation 
of the wave. When the electron velocity is about 
the same as the wave velocity in the absence of 
the electrons, turning on the electron beam 
causes a power gain for wave propagation in the 
direction of the electron motion. 

GUN ANODE HELIX 

HEATER CATHODE f 
INPUT 

ir 
OUTPUT 

• 
Fig. 19-19 — Schematic 
drawing of a traveling. 
wave amplifier tube. 
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The portions of Fig. 19-19 marked "input" and 
"output" are wave-guide sections to which the 
ends of the helix are coupled. In practice two 
electromagnetic focusing coils are used, one form-
ing a lens at the electron gun end, and the other 

a solenoid running the length of the helix. 
The most valuable feature of the traveling-

wave tube is its great bandwidth. The gain is 
high, though the efficiency is rather low. Typical 
power output is of the order of 200 milliwatts. 

Amateur Microwave Technique 
All the bands that have been assigned to ama-

teurs in the microwave region have been used for 
experimental two-wity communication. Complete 
descriptions of suitable equipment for all these 
bands is beyond the scope of this text, but ex-
amples of the techniques employed are shown 
below. Reference is made to various articles 
that have appeared in QST, describing micro-
wave gear used by amateurs, for those who wish 
more details. 

1215 Mc. 

In this band it is possible to use a few more-
or-less conventional triodes with linear circuits, 
though great care must be used in designing such 
layouts, and the efficiency will be very low. A 
transmitter for 1215 Mc., designed aml built by 
W3MLN and W31IFW, is shown in Figs. 19-20 
— 19-22. It uses a 703A doorknob triode, com-
pletely shieldeil, with the antenna as an integral 
part of the assembly. The tube is mounted at the 
end of a lialfwave line. Output is capacitively 
coupled to the folded quarter-wave antenna by 
means of a probe mounted alongside the plate 
line. 

It should be emphasized that complete shield-
ing of the oscillating circuit (including the tube 
elements) is absolutely necessary. The circuit will 
not oscillate at all if the shield is removed from 
the grid and plate rods, and only very weakly if 
the tube shield is not in place. Output is only 
about. one watt, with an input of 80 ma. at 350 

Fig. iv-20— All oscillator and antenna system for 
1215 Mc., built as one unit. (W311FW — Vi":3MLN) 

volts, but two of these units have been used to 
communicate over distances up to 12 miles or so 
with 89 signals. The equipment is described in 
detail by the designers in QST for April, 1948, 
page 16. 

Fig. 19-21 — Schematic diagram of the 1215-Mc. 
oscillator. 

Lighthouse tubes in suitably designed circuits 
are more efficient at this frequency. For best re-
sults cavities should be used, though trough-line 
and flat-plate circuits have been used. 

Parabolic reflectors are usually employed for 
this and higher frequencies. It is desirable to 
make the transmitter or receiver an integral part 
of the antenna system if possible. If this cannot 
be done, coaxial line of the shortest usable length 
may be used. Air-insulated line is preferred to the 
flexible polyethylene-insulated variety, because 
of the higher losses in the latter. 

2300 Mc. 

Most of the work on 2300 Mc. has been done 
with lighthouse tulh.s in cavity oscillators, 
though some of the klystron types such as the 
70713 have been used. Cavities for this frequency 
may be a quarter wavelength, half wavelength or 
three-quarter wavelengt h long. 

Details of a half-wave cavity oscillator using 
a 2C40 lighthouse tube are shown in Figs. 19-22 
and 19-23. This oscillator was designed and 
built by W2RMA. It may be duplicated by :my 
worker who has access to a few metal-working 
tools. 
The main body of the cavity is 1-inch brass 

pipe, silver plated. The end that fits over the tube 
is cut out to an inside diameter of 1.fi inch, the 



U.H.F. AND MICROWAVE COMMUNICATION 431 

2 

2; 

Bakelite 
Support 

347 

Detail of Ba'elite 
Support 

Fig. 19-22 — Detail drawing of the 703A oscillator for 
1215 Mc. 

only lathe work required. This end is also sawed 
crosswise at several points so that it may be 
clamped tightly to the tube with a brass strap, 
as seen in the photograph. Plate voltage is fed 
into the cavity through a feed-t lirough capacitor 
mounted on the side of the tubing, and power is 
coupled out by means of a capacity probe and 
coaxial fitting at the hot end. The cavity is tuned 
with a screw mounted in the end, providing a 
variable capacitance to the anode post. 

Output, with a 250-volt supply, will be 50 to 
250 milliwatts. This seemingly small amount of 
power may be made to do very well with the 
antenna gain that is possible at this frequency 
with a parabolic reflector of n.asonable dimen-
sions. Gear for 2300 Mc. is described in QST for 
July, 1946. page 32, August, 1947, page 128, and 
February, 1948, page 11. 

3300 Mc. 

Lighthouse oscillators may be used on this 
frequency, but it is close to the top limit of their 
capabilities, so better results are obtainable with 
the klystron types. An advantage of the latter is 
that the frequency of oscillation may be varied 
over an appreciable range by changing the re-
flector voltage. This characteristic is also useful 
in providing a convenient means of obtaining 
frequency modulation. This sensitivity to volt-
age changes makes it desirable to use a regulated 
hum-free supply. 
On this and higher frequencies a convenient 

system for two-way work is the use of a klystron 
as both transmitting oscillator and as a local 
oscillator for receiving. A crystal mixer is used in 
this case, its output being fed into a receiver 
serving as the i.f. system. If the receiver so used is 
capable of f.m. detection it is only necessary to 
modulate the klystron reflector voltage to pro-
vide f.m. communication of good quality. The 
oscillators of the two stations in communication 
are then operated on frequencies differing by the 

value of the intermediate frequency selected. A 
single antenna system is used for both transmit-
ting and receiving, and no change-over arrange-
ment is needed. 

5650 Mc. 

Amateur work in this range has been done 
largely with reflex klystrons, two types of which 
(2K43 and 2K44) are capable of operation within 
our band. The one-tube system described above 
may be used for each station, or of course sepa-
rate tubes may be used for transmitter and local 
oscillator. In the latter case two antenna systems 
are required, but the transmitter efficiency is 
somewhat higher as some power is dissipated 
across the crystal in the one-tube arrangement. 

Frequency modulation of klystrons is more 
practical than amplitude modulation. Modulation 
of the repellor voltage requins no audio power, 
as there is no current drawn by this tube element. 
A carbon microphone and a microphone trans-
former, with the repellor voltage fed through 
the secondary, will handle the audio requirements 
nicely. 
The first two-way microwave c( immunication 

in amateur history was carried out in this way by 
A. E. Harrison, \i'fiBM8/2, and It. E. Mendiant, 
W2LGF, who operated in the temporary 5300-
Mc. band. Their equipment, described in QST 
for January, 1946, page 19, will also work in the 
present band. 

10,000 Mc. 

The 723A/B reflex kly-•tron, available at low 
cost for some time on the surplus market, pro-
vided amateurs with a convenient and inexpen-
sive means of operation on 10,000 Mc. As manu-
factured, the tube will not ordinarily operate in 
the amateur band without modification. 

Like other tubes of the reflex klystron variety, 
the frequency of oscillation is varied by warping 
the built-in cavity. It is used with a modified 
octal socket, with pin No. 4 remove I and the 

Fig. 19-23 — A half-wave cavity oscillator for 2300 Mc. 
(W21131A) 
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Fig. 19-24 — Mechanical details of the 2300-Mc. 
lighthouse oscillator. 

hole enlarged to pass the coaxial line that is part 
of the tube. This line is terminated in an " an-
tenna" which is ordinarily used to transfer power 
to a waveguide. 
Two vertical struts are provided for tuning, 

one of which is already variable by means of 
a stud, which spreads or contracts the flexible 
strut on the right side, compressing or stretching 

CHAPTER 19 

the bellows, lowering or raising the frequency re-
spectively. 
The upper limit of frequency range, reached 

by rotating the tuning stud, will seldom be within 
the amateur band, hence it is necessary to per-
form the following operation. It may be seen that 
the top of the cavity is held in a fixed position on 
the strut on the side of the tube by two small 
nuts which, after having been tightened, have 
been spot-welded to each other. The spot weld 
should be filed away until each nut can be moved 
freely on the threaded stud. Next, the position 
of these nuts should be adjusted very carefully, to 
raise the top of the cavity as was done on the 
other side. Extreme care should be used in this 
operation, as excessive stretching of the bellows 
may break some of the seals and render the tube 
inoperative. It is advisable to move the lower 
nut only until a firm resistance is felt. The operat-
ing frequency should then be checked, and if it is 
still below the limit of the band another tube 
should be tried, as any further attempt to raise 
the frequency will almost certainly ruin the tube. 
Equipment for use on 10,000 Mc. is described 

in detail in QST for February, 1947, page 58. 

21,000 Mc. 

Operation in this frequency, and in the unas-
signed region above 30,000 Mc. is still highly ex-
perimental in nature. Only once has the 21,000-
Mc. band been used for amateur two-way com-
munication. This was accomplished under lab-
oratory conditions by two engineers whose spe-
cialty is development work in this field. Their 
work is detailed in QST for August, 1946, page 
19. Type Z-668 reflex klystrons were used, with 
horn and parabolic antenna systems, to work 
two-way over a distance of 800 feet. 



CHAPTER 20 

Mobile Equipment 
The amateur who goes in for mobile opera-

tion will find plenty of room for exercising his 
individuality and developing original ideas in 
equipment. Each installation has its special 
problems to be solved. 

Most mobile receiving systems are designed 
around the use of a h.f. converter working into 
a standard ear broadcast receiver tuned to 
1500 kc. which serves as the if. and audio 
amplifiers. The car receiver is modified to take 
a noise limiter and provide power for the 
converter. 

While a few mobile transmitters may run an 
input to the final amplifier as high as 100 watts 
or more, an input of about 30 watts normally is 
considered tlw practical limit unless the ear is 
equipped with a special battery-charging sys-
tem. The majority of mobile operators use 'phone. 

In contemplating a mobile installation, the 
car should be studied carefully to determine 
the most suitable spots for mounting the 
equipment. Then the various units should be 
built in a form that will make best use ofthat 
space. The location of the converter should 
have first consideration. It should be placed 
where the controls can be operated conven-
iently without distracting attention from the 
wheel. The following list suggests spots that 
may be found suitable, depending upon the 
individual car. 

On top of the instrument panel 
Attached to the steering post 
Under the instrument panel 
In a unit made to fit between the lower lip 

of the instrument panel and the floor at 
the center of the ear 

On the left-hand (loor panel (detachable 
when not in use) 

Under the left-hand front seat 
In the motor compartment (controls ex-

tended through the instrument panel) 

The transmitter power control can be 
placed close to the receiver position, or in-
cluded in the converter unit. This control 
normally operates relays, rather than to switch 

the power circuit directly. This permits a 
minimum length of heavy-current battery 
circuit. Frequency within any of the 'phone 
bands sometimes is changed remotely by 
means of a stepping-switch system that, 
switches crystals. In most eases, however, it is 
necessary to stop the ear to make the several 
changes required in changing bands. 

Depending upon the size of the transmitter 
unit, one of the following places may be found 
convenient for mounting the transmitter: 

In the glove compartment 
Under the instrument panel 
In a unit in combination with or without 

the converter, built to fit between the 
lower edge of the instrument panel and 
the floor at the center 

Under the right-hand or left-hand front seat 
On the ledge above the rear seat 
Fastened to the back of the front seat 
In the trunk 
In the motor compartment 

Most mobile antennas consist of a vertical whip 
with some system of adjustable loading for the 
lower frequencies. Power supplies are of the 
vibrator-transformer-reef ifier or motor-general( n. 
type operating from the car storage battery. 

Units intended for use in mobile installa-
tions should be assembled with greater than 
ordinary care, since they will be subject to 
considerable vibration. Soldered joints should 
be well made and wire wrap-arounds should 
be used to avoid dependence upon the solder 
for mechanical strength. Self-tapping screws 
should be used wherever feasible, otherwise 
lock-washers should be provided. Any shafts 
that are normally operated at a permanent or 
semi-permanent setting should be provided 
with shaft locks so they cannot jar out of ad-
justment. Where wires pass through metal, 
the holes should be fitted with rubber grom-
mets to prevent chafing. Any cabling or wiring 
between units should be securely clamped in 
place where it cannot work loose to interfere 
with the operation of the car. 

Noise Elimination 
Electrical-noise interference to reception in a 

car may arise from several different sources. As 
examples, trouble may be experienced with igni-
tion noise, generator and voltage-regulator hash, 
or wheel and tire static. 
A noise limiter added to the car b.c. receiver 

will go far in reducing some types, especially 
ignition noise from passing cars as well as your 
own. But for the satisfactory reception of 
weaker signals, some investigation and treat-

ment of the car's electrical system will be 
necessary. 

Ignition Interference 

Fig. 20-1 indicates the measures that may be 
taken to suppress ignition interference. The 
condenser at the primary of the ignition coil 
should be of the coaxial type; ordinary types are 
not effective. It should be placed as close to the 
coil terminal as possible. In stubborn cases, two 
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Fig. 20-1 — Ignition system with rec-
ommended suppression methods. 
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of these condensers with an r.f. choke between 
them may provide additional suppression. The 
size of the choke must be determined experi-
mentally. The winding should be made with 
wire heavy enough to carry the coil primary 
current. A 10,000-ohm suppressor resistor should 
be inserted at the center tower of the distributor, 
a 5000-ohm suppressor at each spark-plug tower 
on the distributor, and a 10,000 ohm suppressor 
at each spark plug. The latter may be built-in or 
external. A good suppressor element should be 
molded of material having low capacitance. 
Erie type riVR-10ME and L7VR-5ME are 
satisfactory. In extreme cases, it may be neces-
sary to use shielded ignition wire. The 1951 
Pontiac car was equipped with suppressor igni-
tion wires, the resistance being distributed 
throughout the length of the wire. This is some-
what superior to lumped resistance and may be 
used if the lead lengths are right to fit your car. 
They should not be cut, but used as they are 
sold. 

Generator Noise 

Generator hash is caused by sparking at the 
commutator. The pitch of tie itoise varies with 
the speed of the motor. This type of noise may be 
eliminated by using a 0.1- to 0.25-afd. coaxial 
condenser in the generator armature circuit. 
This condenser should be mounted as near the 
armature terminal as possible and directly 

Fig. 20-2 — The right way to install by-passes to re-
duce interference from the regulator. A condenser 
should never be connected across the generator field 
lead without the small series resistor indicated. 
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on the frame of the generator. 
To reduce the noise at 28 

Mc., it may be necessary to 
insert a parallel trap, tuned 
to the middle of the band, in 
series with the generator out-
put lead. The coil should have 
about 8 turns of No. 10 wire, 
space-wound on a 1-inch di-
ameter and should be shunted 
with a 30-µpfd. mica trimmer. 
It can be pretuned by putting 
it in the antenna lead to the 
home-station receiver tuned 
to the middle of the band, 
and adjusting the trap to 
the point of minimum noise. 
The tuning may need to be 
peaked up after installing in 
the car, since it is fairly 
critical. 

Voltage-Regulator Interference 

In eliminating voltage-regulator noise, the 
use of two coaxial condensers, and a resistor-
mica-condenser combination, as shown in Fig. 
20-2, are effective. A 0.1- to 0.25-pfd. coaxial 
condenser should be placed between the battery 
terminal of the regulator and the battery, with 
its case well grounded. Another condenser of the 
same size and type should be placed between the 
generator terminal of the regulator and the 
generator. A 0.002-mfd. mica condenser with 
a 4-ohm carbon resistor in series should be 
connected between the field terminal of the 
regulator and ground. Never use a condenser 
across the field contacts or between field and 
ground witle nit the resistor in series, since this 
greatly redues the life of the regulator. In some 
cases, it may be necessary to pull double-braid 
shielding over the leads between the generator 
and regulator. It will be advisable to run new 
wires, grounding the shielding well at both 
ends. If regulator noise persists, it may be 
necessary to insulate the regulator from the car 
body. The wire shielding is then connected to 
the regulator case at one end and the generator 
frame at the other. 

Wheel Static 

Wheel static shows up as a steady popping 
in the receiver at speeds over about 15 m.p.h. 
on smooth dry streets. Front-wheel static col-
lectors are available on the market to elim-
inate this variety of interference. They fit 
inside the dust cap and bear on the end of the 
axle, effectively grounding the wheel at all 
times. Those designated particularly for your 
car are preferable, since the universal type 
does not always fit well. They are designed to 
operate without lubrication and the end of the 
axle and dust cap should be cleaned of grease 
before the installation is made. These collectors. 
require replacement about every 10,000 miles. 

Rear-wheel collectors have a brush that 
bears against the inside of the brake drum. It 
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may be necessary to order these from the fac-
tory through your dealer. 

Tire Static 

This sometimes sounds like a leaky power 
line and can be very troublesome even on the 
broadcast band. It can be remedied by injecting 
an antistatic powder into the inner tubes 
through the valve stem. The powder is mar-
keted by Chevrolet and possibly others. 
Chevrolet dealers L41-I also supply a convenient 
injector for inserting the powder. 

Tracing Noise 

To determine if the receiving antenna is 
picking up all of the noise, the shielded lead-in 
should be disconnected at the point where it 
connects to the antenna. The motor should be 
started with the receiver gain control wide 
open. If no noise is heard, all noise is being 
picked up via the antenna. If the noise is still 
heard with the antenna disconnected, even 
though it may be reduced in strength, it indi-
cates that some signal from the ignition system 
is being picked up by the antenna transmission 
line. The lead-in may not be sufficiently-well 
shielded, or the shield not properly grounded. 
Noise may also be picked up through the 6-volt 
circuit, although this does not normally hap-
pen if the receiver is provided with the usual 
r.f.-choke-and-by-pass-condenser filter. 
In case of noise from this source, a direct wire 

from the " hot" battery terminal to the receiver 
is recommended. 

Ignition noise varies in repetition rate with 
engine speed and usually can be recognized by 
that characteristic in the early stages. Later, 
however, it may resolve itself into a popping 
noise that does not always correspond with 
engine speed. In such a ease, it is a good idea to 
remove all leads from the generator so that the 
only source left is the ignition system. 

Regulator and generator noise may be de-
tected by racing the engine and cutting the 
ignition switch. This eliminates the ignition 
noise. Generator noise is characterized by its 
musical whine contrasted with the ragged raspy 
irregular noise from the regulator. 
With the motor running at idling speed, or 

slightly faster, cheeks should be made to try to de-
termine what is bringing the noise into the field of 
the antenna. It should be assumed that any con-
trol rod, metal tube, steering post, etc., passing 
from the motor compartment through an insu-
lated bushing in the firewall will carry noise to a 
point where it can be radiated to the antenna. 
All of these should be bonded to the firewall 
with heavy wire or braid. Insulated wires can 
be stripped of r.f. by by-passing them to ground 
with 0.5-afd. metal-ease condensers. The fol-
lowing should not be overlooked: battery lead 
at the ammeter, gasoline gauge, ignition switch, 
headlight and taillight leads and the wiring of 
any accessories running from the motor com-
partment to the instrument panel or outside the 
car. 
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Fig. 20-3 — Diagrams showing addition of noise limiter 
to car receiver. A — Usual circuit. B — Modification. 
CI, C3 — 100-ppfd. mica. 
C2, C4, Ce — 0.01-pfd. paper. 
Cs — 0.1-pfd. paper. 
Hi — 47,000 ohms. 
112, RIO — 1 megohm. 
113— V2 megohm 
Il,, Rs, R9 — 0.47 megohm. 
lis — 10 megohms. 
116 — megohm. 
Ila — 0.1 megohm. 
Ti — I.f. transformer. 
Vi — Second detector. 

The firewall should be bonded to the frame 
of the car and also to the motor block with heavy 
braid. If the exhaust pipe and muffler are in-
sulated from the frame by rubber mountings, 
they should likewise be grounded to the frame 
with flexible copper braid. 

Noise Limiter 

Fig. 20-3 shows the alterations that may be 
made in the existing car-receiver circuit to 
provide for a noise limiter. The usual diode-
triode-second detector is replaced with a type 
having an extra independent diode. If the car 
receiver uses octal-base tubes, a 6S8GT may 
be substituted. The 7X7 is a suitable replace-
ment in receivers using loktal-type tubes, 
while the 6T8 may be used with miniatures. 
The switch that cuts the limiter in and out 

of the circuit may be located for convenience 
on or near the converter panel. Regardless of 
its placement, however, the leads to the switch 
should be shielded to prevent hum pick-up. 
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A Compact Multiband Mobile Converter 

Figs. 20-4 through 20-9 show photographs and 
diagrams of a small mobile converter covering 
all bands from 3.5 to 29 Mc. 
As the diagram of Fig. 20-6 indicates, the cir-

cuit includes an r.f. stage, mixer and h.f. oscilla-
tor, each using a 6AJ5 obtained from surplus 
glide-path receivers. This tube was chosen be-
cause of its small size and low filament drain. It 
is similar to the 6AK5 which can be used inter-
changeably in this circuit. The input circuit can 
be peaked up with the 50-aafd. air trimmer, C1. 
The plate circuit of the mixer is broadbanded, 
requiring no further attention after preliminary 
adjustment. The main tuning control is C15 in the 
Id. oscillator circuit. Fixed parallel padders are 
selected to spread each of the bands over a good 
share of the dial. All coils, including the i.f., are 
slug-tuned. Included in the bandswitch are the 
sections Sia; and Sul which turn off the filament 
and plate power, as well as the dial lamps, when 
the gang is thrown to the b.c. position. A small 
relay, controlled from the transmitter panel, 
cuts the B supply to the converter while trans-
mitting. The over-all dimensions are by 5% 
by 63 inches, not including protuberances, such 
as the r.f. tuning knob and the power plug. The 
panel is 5 by 3M inches and includes the dial, 
antenna-trimmer control and bandswitch. The 
chassis is 5 by 53% by 13%. All parts of the enclo-
sure are made from aluminum sheet. 
The dial mechanism is a planetary unit with 

a 5 to 1 ratio (National AVD). This is mounted 

on the panel one inch from the bottom edge. It 
may be necessary to file a little off the lower edge 
of the frame of the mechanism to allow room for 
the bandswitch control lever underneath. The 
dial face is a piece of 3%-inch Lucite or Plexiglas 
3 by 5 inches. A semicircle is cut out of the bottom 
edge with a jig saw to clear the dial mechanism, 
and is also notched out on the right-hand side to 
pass the shaft of the antenna trimmer. Before 
making these cuts, however, the various dial 
scales should be laid out with a compass scriber, 
using the position of the dial shaft as the scribing 
center. This will simplify the calibration later on. 
The back side of the plastic is covered with ordi-
nary black or other dark-colored paint to form a 
contrasting background for the calibration marks. 
A dial lamp is mounted in each upper corner of 
the panel and the plastic is drilled part way 
through at these points. The ends of the bulbs 
extend into these depressions and the transmitted 
light illuminates the panel. Twelve-volt lamps 
(operating at 6 volts, of course), or two 6-volt 
lamps in series, provide plenty of light at half 
normal voltage. The series connection for the 
6-volt lamps requires insulated sockets. A metal 
cover of light-gauge aluminum was fashioned to 
fit over the upper corners of the plastic to eli-
minate direct light from the lamps. The pointer 
is a piece of thin transparent plastic, cut to shape 
and fastened to the dial mechanism with the 
screws provided. A line is scribed down the 
center of the pointer. 

Underneath, the main tuning-con-
denser shaft is matched up with the 
dial shaft and mounted in place. 
While the condenser shown in the 
photograph is a two-section job, only 
one of the sections is used. An L-
shaped shield runs along the right-
hand side and across the rear of the 
condenser to isolate it from the an-
tenna trimmer mounted nearby on 
the right-hand edge of the chassis. 
The bandswitch gang is made up 

20-1 — Hand- s, itching 
converter de.ianed by 
113MNIt and N‘ 31/ZZ in-
stalled under the dashboard 
near the b.e. receiver. 
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• 

Fig. 20-5 — The dial of the band. 
switching mobile converter is a niece 

clear plastie with calibration marks 
inscribed. I'he bandswiteh control is 
at the lower left and the antenna 
trimmer to the right. 

• 

from Centralab switch-kit parts and consista of 

five ceramic wafers. Three wafers carry two cir-
cuits of five positions (Centralab type RR). The 

sixth position, shown in the diagram, is the arm 

slider contact which can be used in this case be-

cause the last switch position for all but S1D is an 
open-circuit position. Sic and SID are separate wa-
fers each having one circuit and six positions (Cen-

tralab type X). The switch is mounted direct ly 

behind the main tuning condenser in a vertical 
position, its shaft 3% inches from the front edge 
of the chassis. This unusual mounting is conven-

ient for grouping tubes and coils around the 

switch sections. Only the switch index head and 

the first wafer are below the chassis. The two cir-

cuits of this wafer, comprising Su and Sm, handle 

SIS 
I3G 

7 

3 

51 92 

J, 9 

10-II 
8C. 

SIL  

75 

Fig. 20-6 — Circuit of the bandswitehing con% erter. 

C1 — 50.55M. miniature variable. 
C2, Co — 50.ggfd. mica. 
C3 — 100-54t1d. mica. 
(.4, Cs, C7, Cs, CI7 — 0.001 -mfd. mica. 
Cs — 220.ggfd. mica. 
(to — 3 ggfd. 
Cii — 45-ggfd. mica. 
C12 — 175-551d. mica. 
C13 — 145.ggfd. mica. 
C14 — 33.ggfd. mica. 
C15 — 15.551d. variable. 
Cie — 33.ggfd.  • a. 

R.F AMP 1C C6 

J3 

MIXER 

BC 

6AJ5 

e 

RI, R4, Ro — 10,000 ohms, I2 w alt. 
112— 180 ohms, V2 watt. 
Ra, R5 — 2000 ohms, V, watt. 
117, 115 — Values dependent on supply voltage. Adjust 

for voltages marked. 
II, 12 — 12-volt dial lamp. 
Ji, Ja — Coaxial connector. 
- 5-pin male power plug. 

Ityl — 6-volt relay. 
S1 — Ceramic rotary switch — 4 wafers, 2 circuits per 

wafer, 6 positions per circuit, and 1 wafer, I 
circuit, 6 positions (1 below, 4 above chassis) 
(made from Centralab kit parts). 
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Fig. 20-7 — Top view of the bandswitching converter, showing oscillator and mixer coils grouped 
around the bandswitch. The relay mounted against the front edge of the chassis cuts the power to 
the converter during transmissions. 

the r.f. input circuits. The other four wafers are 
mounted above and a clearance hole for the 
switch shaft is drilled in the chassis. Additional 
bracing against the action of the control lever is 
provided by adding a strap bracket across the 
index head at right angles to the assembly rods. 
This strap is fastened to holes in the index head 
and with long screws to the chassis. 
A sketch of the switch operating mechanism 

is shown in Fig. 20-8. Dimensions can be adjusted 
to suit a variety of conditions. It is merely a mat-
ter of experimenting with a few pieces of card-

Coil Table for Bandswitching Converter 

Band Í Wire Nam. ' Lenath Millen 
Coil Me. Loh. Turn, Size Indies l ?tern e Slug 

I -   
Form 

La 27-29 24 d.s.c. 0.6 11 % IYii copper 69047 
-- — — 

L2 14-21 2.5 25 24 d.s.c. % I copper 69045 

L3 4 33 70 34 d.s.c. I iron 69016 

144 

_ 

27-29 1.2 17 21 d.s.c. % 1 copper 69045 
— - - - 

Ls 21 2.3 21 24 d.s.e. % I copp, r 69015 

Ls 14 5 35 21 d.s.c. % 1 copper 69045 

La 4 67 95 31 d.s.c. % 1 iron 69046 

La 1.5 45 80 34 d.s.c. % 1 iron 69046 

L3 27-29 0.294 10 24 d.s.c. !tt % copper 69017 
-  - 

21 d.s.c. 
— 
% Las 21 0.311 II % copper 69047 

L0 14 0.131 

_ . 

12 24 d.s.c. !.f ié copper 69017 

L12 4 11.6 46 34 d.s.e. 34 I iron I 69016 

board and some thumbtacks to find dimensions 
that will fit each case. The short arm attached to 
the switch shaft should preferably be of brass so 
that the nut can be soldered fast. The set-screw 
collar to which the short arm is attached is a panel 
bearing. The threaded neck is cut and filed down 
so that it is a little longer than the thickness.of the 
arm. The excess is then hammered down over the 
arm to make a firm joint. Solder flowed around 
the hole will add strength. The flange of the panel 
bearing should be drilled and tapped for two 
set screws. The bandswiteh scale is a strip of 

thin aluminum. The arm positions for 
the various bands are marked with a 
scriber and then the lines are filled in with 
crayon. 

lost of the other details of construction 
can be seen in the photographs. The r.f. 
till ie is the only one mounted top-side up. 
The mixer and oscillator tubes are upside 
It and have their coimi•ct ions and asso-
ciat mils above t he cl ' is. This arrange-
ment permits better ut il Litt ion of space and 
the chassis becomes a shield for the r.f. 
circuit. 

Adjustment 

Standard automobile receivers are de-
signed for high-impedance antennas and 
transmission lines. Since the output of the 
converter is coupled to a low-impedance 
coax line, considerable mismatch results. 
Most b.c. receivers have enough gain so 
that the losses as a consequence can be 
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• 

Fig. 20-8—tiketches 
showing the construction 
and dimensions of the 
handswitch mechanism 
for the tnultihand con-
verter. 

• 

Metal block 

Bross 
4 

Spacer 

Set screw 

Soldered nut  

Switch shaft 

tolerated. However, the gant can lw increased 
considerably by modifying the r.f. coil in the he. 
set. This is accomplished by winding a link of 
about 25 turns of No. 21 wire on the " cold" 
end of the antenna coil. This modification, 
however, will reduce the gain on the b.c. band. 
One compromise is to use one push button only 

Bottom View 

Panel bearing 

Side View 

—Spacer 

Knob 

Dial mechanism 

Band scale 
(aluminum strip) 

Plastic dial 
plate 

for the converter and modify only the coil asso-
ciated with that channel. 
The entire converter was wired and aligned 

with a grid-dip meter before applying power. 
Depending on the forms used, some slight altera-
tion in the number of turns shown in the coil 
table may be necessary. 

Fig. 20-9 — Bottom view of the bandswitching converter showing the switch operating mechanism 
and inverted mounting of the uf. oscillator and mixer tubes. 
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A Mobile Converter for 28 and 50 Mc. 
The converter shown in Figs. 20-10 tu 20-13 

was designed for mobile reception on 6, 10, 
and 11 meters, but it may also be used in fixed-
station work with good results. The inter-
mediate frequency is 1500 ke., to permit its 
use wit h mobile broadcast receivers. 

Circuit Details 

The converter circuit diagram is shown in 
Fig. 20-11. A 6A K5 broadband r.f. amplifier 
is followed by a 6.16 mixer-oscillator. The os-
cillaior circuit is the ultraudion type, operat-
ing 1500 ke. below the signal frequency. The 
need for gang-tuned circuits is eliminated by 
the broadband r.f. amplifier; thus only the os-
cillator tuning condenser, CI, requires adjust-
ment (hiring normal tuning operation. Band 

I 4. 20-10 — t bandswitching converter for O, 10 and 
II meters. The pilot light at the lower right has an 
adjustable beam, for convenience in mobile work, 

changing is accomplished with. a 5-section 
selector switch, shown on the diagram as 
StA, it, t, o, E. 

Seven commercially-available coils are used, 
six of them being blentical except for the set-
ting of t he slugs. The wide inductance range of 
the slug-tuned units makes it possible to use 
similar coils for t he r.f., mixer and oscillator 
coils for both ranges. Padder capacitance is 
added across the 10- meter r.f. and mixer coils, 
1.4 and 1.„6, and across both oscillator coils, L7 
and Lg. Varying the slug position takes care 
of the necessary differences in coil inductance 
for all t hese positions. 
A single whip antenna may be used for both 

broadcast and amateur reception. A jumper 
connection between sections A and E oi 
completes the circuit between the antenna and 
the broadcast receiver, with the switch in the 
position marked B.C.in Fig. 20-11. A filament 

sult oh, S2, Is priividud t>> reffluvu lie load of 
the converter tubes from the car battery when 
the receiver is being used for broadcast re-
ception. 

Broadbanding of the r.f. and mixer circuits 
is aceomplished through t hp use of low-Q coils 
and tight coupling in t he antenna circuit. The 
plate coil of the mixer is self-resonant at the inter-
mediate frequency, giving a degree of lattnulness 
sufficient to permit tuning the receiver over a 
limited range near the high end of the broadcast 
band, providing a vernier effect. 

Construction 

All of the metal components are formed from 
1.6-ineh aluminum stock. The interior view, 

Fig. 20-12, shows the " L"-shaped section 
which serves as the front panel and the bot tom 
plate of the unit. The panel and the bottom 
areas are each 5 imlies square. Lips, inch 
iii> k', are folded over along the top and side 
edges of the panel anti also along the sities 
of the bottom section. The rolled-over edges 
are drilled and tapped to accommo,late 6-32 
machine screws. 
A three-sided portion and a square top 

plate complete the converter cabinet. The 
s:ides are 5 inches square and t he rear wall is 
5!. 8 hit, s widr. ti, 5 inches 
high with ! 2-incli flanges thi>d t,ver on the 
top edges and drilled awl tapp1,1 for 6-32 

ns Till• sides and 1,10 T.)111Pdgf ,  drÍ t he rase 
are drilled to clear machine screws: t he holes 
should line up wit h the tapped holes of the 
pnti('l-hol it assembly. A rectangular In de, 

inches high and 2 inches wide, is cut at 
the bot tom left-hand corner tas seen from the 
rear of the converter) of the rear wall, to pro-
vide clearance fin. the cable connectors. The 
top plate for the converter measures 5 by 5 
inches. Holes, drilled along the edges, allow 
the cover to be fastened to t he flanges at the 
top of the cabinet. 
The physical shape of the converter chassis 

can best be visualized by study of the interior 
views. The chassis is 5 by 47/8 by 1% inches in 
size, with flanges 12 inch wide folded over 
along the front, and the bottom edges to pro-
vide a means of mounting. A 2.q X 3%-inch 
cut-out, at the center of the chassis allows 
clearance for the bandswit ch. A large round 
hole located in the rear wall of the chassis 
simplifies the job of finding the oscillator 
padder condenser when this control requires 
adjust ment. 
A vertical partition used as the mounting 

surface for the oscillator tuning condenser, 
also serves : est ho shield bet ween the plate and 
the grid circuits of the r.f. amplifier. It is 3• 
inches wide and 4% inches high, and is notched 
to clear the main chassis and the spacer bars 
and rotor arm of the bandswitch. The parti-
tion is held in place by a spade lug which 
passes through the chassis and by a mounting 
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Fig. 20-11 — Circuit diagram of the bandswitching v.h.f. converter. 

CI — 15-gafd. variable reduced to one stator and 2 
rotor plates ( Millen 20015 I. 

C3s C4 — 3-30-Yad. mica trimmer Millen 27030i. 
Cs, C7 — 0.0015-Al. ceramic (Centralab 10181102A 
CS, C9 — 100-pmfd. ceramic (Centralia!) CC:32Z). 
Cs, Cis -- 10-umfd. ceramic (Centralab CC2117.). 
Cit — 500-agfd. ceramic (Cent ralall 1)6501). 
C12 — 0.01-gfd. ceramic (Centralab I) 1048003 1). 
111 — 220 ohms, g watt. 
lt2, 119 — 680 ohms, g watt. 
II3 — 1.5 inegohms, g watt. 
114— 12,000 ohms, watt. 
Bs — 47,000 ohms, ij watt. 
1{7 — 5000 ohms, 10 watts. 
Li, L2 — 4 turns No. 28 d.s.c. close-wound over ground 

ends of La and L4. 

lip which is screwed to the bottom side of the 
cabinet. It is located 3 inches in from the front 
edge ofthe chassis. 
The heater switch and the pilot-light as-

sembly are mounted at the lower 
left- and right-hand corners of the 
front panel with the bandswit eh at 
the center, 1% incises up from the 
bottons edge. The selector-switch 
index plate should have a rotor-
shaft length of at least 3 inehes, 
and the switch wafers should be 
mounted on the shaft with the first 
separated from the index plate by 
I-inch spacers and with the second 
wafer separated from the first by 
I% inches. 
The Nat iccinil MCN cual is cen-

tered above the bandswitch with 
the control slilist :3 inches above the 
bot tom edge of the panel. It is wise 
to cut the large mounting hole sug-
gested in the dial- mounting instruc-
tion sheet and then do the final 
fastening down of the g ha! after t he 
tuning condenser and its mounting 

• 

Fig. 20-12 — Interior view of the con-
verter. Only the oscillator is tuned by the 
front-panel control, eliminating tracking 
problems. 

L3, LI, l., 1.6, Li, LS — 6 turns No. 20 enameled wire 
close-wound on I-inelt diameter form; slug-
tuned: inductance range 0.35 to 1.0 gh. (Cam-
bridge Thermionic Corp. I,S3-30 Mc.). 

L9 — Scramble-type winding on 4'4-inelt slug-tuned 
form; inductance range 325 to 750 ah. (Cam-
bridge Thermionic Corp. LS3-1 Me.). 

lo — 20 turns No. 28 d.s.c. scramble-wound next to L9. 
Ii — Adjustable-beam dial-light assembly. 
Ji, J2 — Coaxial-cable jacks (Amphenol 75-PC1 NI ). 
J3 — 3-prong cable connector (Jones P-303 A B). 
RFCu — 300-ah. r.f. choke (Millen 31300). 
Si As ti, Cs D. E — 2-gang 6-circuit bandswitch (two Ceti-

tralab SS sections). 
S2 — S.p.s.t. toggle switch. 

plate have been permanently secured its place. 
The interior view of the completed converter 

shows the 6.1E5 amplifier tube in front of the 
shield partition, with the grid inductances to 
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the right of the tube. The padder condensers 
for 27 and 28 Mc. are mounted on the forward 
coil. From left to right across the rear of the 
chassis are the mixer-oscillator tube, five of 
the slug-tuned inductances, and the regulator 
tube. The i.f. output coil and the t wo oscillator 
coils are mounted below the ehassis, as seen in 
the bottom view of the chassis subassembly. 
The r.f. plate coils are above t he ehassis to t he 
left of the OB2 regulator, the 2s- Me. cil 
being the one with the trhnmer condenser 
mounted across the terminals. 

Construction will be simpler if the builder 
uses coils as shown. The Type LS3 30- Mc. in-
ductors will resonate at 50 Mc. with the tube 
and circuit capacitances, and only a small 
padder capacitance is required to tune them 
to 27 and 28 Mc. 

Coaxial jacks for the antenna and i.f. output 
cables are at the rear of the chassis to the left of 
the power-cable jack. They are closely grouped 
so that the input and output cables may be 
taped together to form a common cable. 

Wiring can be done readily if the subas-
sembly method is employed. The bottom-view 
photograph of the chassis, Fig. 20-13, shows how 
the circuit components are closely grouped around 
the tube sockets, with wiring completed to the 
point of making connections to the band-switch. 
Twin-Lead of the 75-ohm type is used to make 
the connection between the antenna input jack 
and the bandswitch. The two wires enclosed in 
spaghetti at the right of the chassis in the 
bottom view are the 6.3-volt leads which go to 
the heater switch. 

Testing 

The heater requirements of the converter 
are 6.3 volts at 0.625 amp., and the plate sup-
ply should deliver 200 to 250 volts at 25 to 30 
ma. These may la' drawn from the receiver 
with which the converter is to be used, or a 
separate supply may be employed. With power 
turned on, the plate voltage of the mixer and 

r.f. amplifier should measure 105 volts and the 
6AK5 cathode resistor should provide a drop 
of approximately 2 volts. The 6AK5 cathode 
current should be about 8.5 ma. The regulator-
tube drain will be about 8 ma. 

Alignment of the converter is made most 
simple if a calibrated signal generator is avail-
able, otherwise amateur t ransmitter signals of 
known frequency may be used. The r.f. and 
if. circuits can be peaked on background 
noise. The oscillator stage should be on the 
low side of the signal frequency. It is pos-
sible to vary t he bandspread of the converter 
over a wide range. Wit h a fairly low order of 
padder capacitance, and wit li t he inductance 
increased by the tuning slug, t he 10- and 11-
meter bands can be covered with one swing of 
the tuning dial. Anyone not interested in 11 
meters can increase the bandspread on the 
10-meter range by adding moro padder capaci-
tance and by decreasing t he inductance of L8. 
The converter as shown lias 13 divisions of 
bandspread at 11 meters and 52 divisions at 
10 meters, with the logging of frequencies 
made on the B scale of t he dial. Bandspread 
for the 50-Mc, band is 48 divisions on the A 
scale. This spread may be increased by the 
same method. 
Some operators favor a selected group of 

frequencies within a band. A slight improve-
ment in the performance of the converter can 
be made in this case by peaking the r.f. ampli-
fier circuits at a favorite spot rather than at 
the center of a band. There may be a tendency 
toward regeneration in t he 50- Mc. r.f. ampli-
fier, however, if the input and plate circuits 
are peaked at precisely the same frequency, 
making stagger tuning desirable. 

Reducing Spurious Responses 

In localities where t here are stations operat-
ing in the high FM band a converter or re-
ceiver having broadband r.f. stages will ex-
perience considerable interference on the 

50- Mc. range. This can be corrected 
in several ways, the simplest being 
the insertion of a 100-Mc. trap in 
the antenna lead. 

Fig. 20.13 — (:finstrurtion 
of the converter is made 
easier if as much wiring as 
missilile is done before the 
ii—oliiiiling e pleted. 
.1 his Iiiittuni iew of the 
chassis subassembly shows 
the t. iriug completed to 
the point of connection to 
the bandswitch. 

• 
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A Crystal-Controlled Converter for Two-Meter 

Mobile Reception 

The 144-Mc, mobile converter shown in Figs. 
20-14 through 20-16 is designed primarily for 
mobile operation. Therefore to serve the aims of 
simplicity, compactness and low battery drain, 
some of the features that might be considered 
desirable in a home-station unit have been 
omitted. However, the cost is low and the per-
formance of the system is entirely satisfactory, 
both as to stability and sensitivity. 

Circuit 

Since the tuning range of the usual car broad-
cast receiver is insufficient to permit coverage of 
the entire 2-meter band ‘vithout changing crys-
tals, this converter is designed to work into an-
other converter which, in turn, works into the 
regular car receiver. This second converter is 
used as a tunable i.f, and should cover tin range 
of 26 to 30 Mc. to provide the necessary 4-Mc. 
range to take care of the whole of the 2-meter band. 

Fig. 2045 — Bottom v iew 
of the 2-meter con% erter, 
The coil form at the upper 
left i. the mixer plate tir-
cuit. Oscillator-multiplier 
components are at the 
upper right. 

lg. T.,p view of 
M 2( III- tal -con-
trolled vonn trier for 2. 
ureter mobile reception. 
The oscillator- Itiplier 
tube and crystal are at the 
left. At the right are the 
r.f. amplifier, mixer and 
i.f, amplifier, looking up 
from the bottom. Because 
no external adjustments 
are needed, the converter 
may be built in almost any 
shape that will fit avail-
able space in the car. 

• 

The r.f. stage uses a 6AK5, pentode connected. 
This results in a slight sacrifice in noise figure, 
compared to that obtainable with a triode, but 
with the other noises usually prevalent in mobile 
work, the ultimate in first-tube is not so impor-
tant in practice. The mixer is a 6AB4 triode. 
The oscillator is the simplest form of triode 

circuit, using a crystal at 39.33 Mc. in the first 
half of the 6J6, the second portion tripling to 
118 Mc. Crystals such as the James Knights 
JK-I117 or 11-173, the Bliley BH-6, or GE 
GO 1B, can be readily obtained for this frequency. 
Where the mixer is a separate tube from the 

oscillator-multiplier, some injection coupling may 
be necessary, although the minimum required 
value should be used. The 1.5 mead. needed was 
obtained by connecting two 3-1.44fd. units in series. 
The i.f, stage, using a 6AK5, employs an out-

put circuit that provides low-impedance coupling 
to the following converter. 
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the 6AB4 and the i.f. amplifier tube, in the upper 
right-hand corner in the top view of Fig. 
20-14. 

At a supply voltage of 150, the converter drain 
will be about 15 ma. If a higher supply voltage is 
used, R15 should be increased accordingly. Ad-
justment is straightforward. The slug in L5 is 

first adjusted for maximum background noise in 
the output of the system. Then L4 is adjusted for 
maximum response on 2-meter signals in the 
most-used part of the band. L1 can be peaked up 
by squeezing the turns together or spreading 
them apart slightly aN needed. 
With a 19-inch whip good signals have been 

obtained with this converter at distances up to 
30 miles or more. 

MIXER I.E AMP 

6AB4 

Fig. 20-16— Schematic diagram and parts list for the crs 
frequency than 39 Mc. are to be used an overtone oscillate; 

CI, C2, C3, C9, CIO, CI3, C14, C18, C19 — 0.001 µM. 
C4, CH — 5 µµM. 

Cs. Cs— SO japfd. 
Cs — 1.5 ggfd. (two 3-ggfd. in series). 
C7 — 10 ggfd. 
(:12-30 iigfd. 
Cis, C17 — 4-30-ggfd. ceramic trimmer. 
Cis — 25 iigfd. 

(All fixed capacitors ceramic.) 
IIi — 150 ohms. 
112 — 10,000 ohms. 
113 — 0.68 megohtn. 
R4 — 1000 ohms. 
Its — 3300 ohms. 
116 — 0.1 rnegohm. 
117 — 680 ohms. 
Rs — 39,000 ohms. 
R9 — 7000 ohms. 
Rio — 1500 ohms. 
Kil — 47,000 ohms. 
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The converter is built on a 5 X 5-inch chassis 

that fits inside a standard utility box. Since there 
is no adjustment required during operation, the 
unit can be built in almost any shape that can 
be fitted into available space in the car. The coils 
and condensers are mounted under the chassis, 
and once the initial adjustment is made, they 
are left alone. 

In order to isolate the input and output cir-
cuits, of the r.f. amplifier, a small right-angle 
shield is placed across the 6AK5 socket in such a 
way as to enclose the antenna coil. The shield 
may be seen in the lower left side in the bottom 
view of Fig. 20-15. The antenna is connected 
directly to the grid coil through coaxial cable. 
The mixer output coil, 1.4, is mounted between 

R.E AMP 

5 6AK5 144-148 
C4 MG C5 

R F AMP MIXER OSO. LE AMP 
6AK5 6AB4 6 6 6A55 

43 43 43 4 

L8 L9 

CI 

Ris 

CI9 

6+ 
150 V. 
0 OA+ 

i\ 

R15 

6V. 

'stal-controlled 2-meter converter. If crystals lower in 
r circuit can be substituted for the crystal circuit shown. 

1112, RiO — 4700 ohms. 
1113 — 0.22 megohni. 
His — 5600 ohms, 1 watt. (All other resistors 3 watt.) 
1.1 — 5 turns No. 16, 3 -inch diam., inch long, tapped 

at I 1,.¡ turns. 
14 —  !e-watt resistor wound full of No. 30 enameled 

w ire. 
— 3 turns No. 16, 5.incIi diam., 34 inch long. 

11.4 — 10 turns No. 24 enam. on I 3à2-inch diam. form 
(Millen 69041), brass slug. 

1.5 — 10 turns No. 20 enam. on I ;¡-inch slug-tuned form 
from BC-624 receher. National XIR-50 also 
usable. 

Ls — 11 turns No. 18, I;j-inch diam. ( II & W No. 3003 
iniductor .1. 

1.7 — 3 turns No. 18. diam. 
1.8, L9 — 1 .watt re,i- tor wound full of No. 18 enam. 
Ji — Coaxial fitting, female. 
.12 — Coaxial fitting, male. 
Si — Double-pole single-throw toggle switch. 



MOBILE EQUIPMENT 

A Multiband Mobile Transmitter 

Fig. 20-17 — The hands‘• itching mobile transmu ter 
installed under the dashboard of W2RPU's car. 

The unit shown in Figs. 20-17 through 20-19 
is a complete bandswitching mobile transmitter, 
including modulator and covering all bands from 
4 to 29 Mc. 
The circuit diagram is shown in Fig. 20-19. 

Either crystal control or VFO is available simply 
by snapping the toggle, Si. A 6C4 is used in the 
VFO and this is the only indirectly-heated tube 
in the transmitter. All others are direct-heater 
types. The heater of the 6C4 operates from a sep-
arate eircuit through S2 so that it can be left on 
during receiving periods. This cuts down initial 
drift and eliminates waiting for the cathode to 
come up to temperature before each transmission. 
VFO output is taken from the cathode tap to min-
imize loading effects on frequency. The tuning 
range of the VF() is limited to 3500 to 4000 ke. 
This makes it necessary to use crystal control 
on 11 meters, unless it is desired to extend the 
VF() range. The plate voltage for the VFO is 
stabilized by an OB2 regulator tube. 
The 5618 following the VFO may be used as 

an 80- or 40-meter crystal oscillator, or as an am-
plifier or doubler for the VFO, since the output 
circuit, Cain, will tune to either band, one near 
maximum capacitance and the other near mini-
mum. 
The next stage, also using a 5618, may be oper• 

ated as a doubler to 14 Mc., as a tripler to 21 Mr., 
or a quadrupler to 28 Mc., depending on the set-
ting of C13 which covers all three bands. This 
stage is inserted or removed from the circuit by S3. 
Thirty volte of fixed bias from the modulator-
biasing battery practically cuts off plate current 
to the 561$ when this stage is not in use. 
A 5516 is used in the final amplifier. This tube 

has the same power rating as the 2E25, but it is 
shorter physically so that it can be fitted into a 
smaller space. The use of an all-band tuner in 
the final-amplifier output circuit eliminates the. 
necessity for plug-in coils or switching. 

In the audio section, a carbon microphone 
drives a triode-connected 5618 which, in turn, 
drives two 2E3Os in the Class AB2 modulator. 
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Microphone voltage is obtained front the car bat-
tery through the filter consisting of C2o and Lg. 
The milliammeter, Mil l, can be switched to 

read current at the important points in the cir-
cuit. When switched to position E, it can be used 
to check plate voltage for the rig's final amplifier 
stagy. 

In the front-view photograph of Fig. 20-17, the 
control knobs across the panel are, from left to 
right, for VEO, first 5618, second 5618, and final 
amplifier. The meter switch is to the left of the 
metcr. .1 long the bottom are the VF()-crystal 
switclt, a dual crystal socket (one socket unwired 
for a spare crystal 1, the frequency-multiplier 
switch, 53, mierophotte-control jack and the VFO 
heater switch. 

In the rear-view photograph of Fig. 20-18, the 
four tuning condensers are lined up across the 
panel, just above the chassis level. CO is a dual 
midget Hammarlund, originally of 140 µdd. per 
section. To obtain the desired range, one rotor 
and two stator plates were removed from each 
section. The high-frequency coil, L4, is mounted 
vertically at the rear of the condenser, while L5 is 
placed at right angles alongside the condenser to 
minimize coupling between the two. Care should 
be taken to make sure, with a grid-dip meter, that. 
the circuit when completed does not tune simul-
taneously to fundamental and harmonic fre-
quencies. This can be controlled by altering the 
coils somewhat. 
L3 is mounted vertically behind the meter. L2, 

at right angles, is fastened to Cg. L1 is vertical 
behind C1. The r.f. tubes are lined up across the 
center of the chassis. The 6C4 is hidden by the 
biasing battery to the right. The two 5618s are 
to the right of the 5516 final-amplifier tube. A 
baffle shield is placed between the tube and L3 
to the right. The audio components and the 0132 

Fig. 20-18 Rear interior s ien of Vi 2R11 's mobile 
transmitter, showing the arrangement of components 
on the chassis. 
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occupy the rear portion of the chassis. All small 
components are mounted underneath. The chas-
sis measures 8% inches long, 5% inches from front 
to back and 1 inch deep. 
Although this transmitter may be operated 

from a suitable dynamotor, there is an advantage 
in the use of two supplies. While the rest of the 
transmitter may be operated at 300 volts, a volt-
age of 250 is the maximum rated value for the 
2E30 modulators. A separate supply for the Class 
A132 modulator with its varying plate current 
also improves the voltage regulation for the rest 
of the transmitter. Two 100-ma. vibrator-type 

3.5 Mc 
Cs 

C41 1 6 

ci   

E 
D 
C 
B 
A 

power supplies, one delivering 300 volts and the 
other 250 volts, are recommended. 
The two exciter tank circuits, C91.2 and C131,39 

can be resonated to the desired bands by observ-
ing grid current to the following stage. A grid cur-
rent of 2 to 3 ma. should be adequate for the mul-
tiplier stage and 3 to 5 ma. for the final. 
The antenna should be of the center-loaded 

type. The RG-8 /U coaxial cable feeding the base 
of the antenna is tapped on Ls at a compromise 
point that serves for all bands. Some slight im-
provement can be gained by adjusting the tap 
for the band considered most important. 

V F 0 05C.-AMP.-D8LR. DHLR.-TRPLR:-QDPLR. 
6C4 5618 

3.5087mc.   3.567Mc.1 

4 

A 
•—•••• 13' 

C. 
•—• D' 

E. 

C., 

C20 •—• 0 QS Qfit---• 

L, 

I 2 J 

3 4 

28 Mc8.I 
14,21 

C4 530 

FINAL AMP 
5516 

4 

Cab 

R,3 

Fig. 20-19 — Circuit diagram of he multihand mobile transmitter. 

CI — 50-gpfd. variable (National PSE-50). 
C2— 100-gpfd. silvered mica. 
C3, C4 — 0.001 -pfd. silvered mica. 
Cs, Cg — 100-gpfd. mica. 
C7 — 0.01-pfd. mica. 
Cg, C11, C12, CIS — 0.001-pfd. mica. 
Cg, CI3 100-pufd. variable (National PSE-100 with 

:).::¿-inch shaft). 
C10, CI4 17-ggfd. ceramic. 
C16, CI7 — 0.001-mfd. 1000-volt mica. 
CIA — 0.01-pfd. 1000-volt mica. 
C19 — 110-gpfd-per-section variable (Hammarlund 

HFD-140; see text). 
C20 — 25-pfd. 25-volt electrolytic. 
111, R2 — 0.1 megohm, .II/2" watt. 
113 — 56,000 ohms, watt. 
114, Ro — 100 ohms, 34 watt. 
Rs — 27,000 ohms, 1 watt. 
R7 — 2500 ohms, 5 watts. 
Rs — 10,000 ohms, 2 watts. 
110 — 27,000 ohms, 2 watts. 
1110 — 2000 ohms, 2 watts. 
11 11 — 56,000 ohms, 2 watts. 
1112— 5000 ohms, 2 watts. 
RI3, R14 — Meter shunts made of resistance wire to pro-

vide for full-scale meter reading of 100 ma. 
RIS — 0.15 megohm, 1 watt (depends on meter used). 

CIO 
35 28Mc 

TO ANT 

Li — 48 turns No. 26 enam., 1-inch diam., 13 inches 
long (may have to be slightly modified to pro-
vide proper bandsprcad). 

L2 — 28 turn- No. 24 enam., 1-inch diem., 34 inch long. 
1.3 — 9 turn- N.,. 2)) enam., 313' inch long. 
1.4 — 16 turn- N.,. 20 mum., (ham., „74i inch long. 
1.5 — 10 turns No. enam., I -inch diam., 1% inches 

long, tapped 4.). turns. 
1.6 10-hy. 30-ma. choke (filter). 
— 30-volt battery with tap at 734 volts. 

.11 — 3-contact open.eircuit microphone jack (midget). 
NIAt — Milliammeter, 10-ma. scale. 
RFC', RFC2 — 2.5-mh. r.f. choke ( National 11-50). 
REC3— 2.5-mh. r.f. choke (National R-100U). 
St — S.p.d.t. toggle switch. 
S2 — S.p.d.t. toggle switch. 
— D.p.d.t. toggle switch. 

54 — 2-pole 5-position rotary switch. 
SS — Push-to-talk switch. 
Ti — Midget output transformer: single plate to 200 

ohms (mie. connected to 200 ohms). 
1.2 — Single plate to p.p. grids for Class A112. 
13 — Modulation transformer, Class Alk. 
Nom: Power-connector connections as follows: (1) 

VFO heater, (2) other heaters, (3) push-to-talk con-
trol to power supplies, (1) h.v. audio, (5) ground, 
(6) + h.v. r.f. 
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Mobile Gear with Quick-Heating Filaments 

for 50 and 144 Mc. 
A worth-while saving in battery drain can 

be made by using filament-type tubes in the 
mobile station, arranging the control circuits 
so that the filament voltage is applied simul-
taneously with the starting of the generator 
or vibrator supply. The mobile transmitters 
shown in Figs. 20-20 to 20-28 combine opera-
tion on 50 and 144 Mc. They use Hytron 
instant-heating filament tubes throughout. All 
the necessary control and power-supply cir-
cuits are given in the schematic diagrams. 

Fig. 20-20 shows the three units. At the left 
is the 144- Mc, transmitter, with the 50- Mc. 
rig at the right. The modulator, shown be-
tween them, may be used with either unit. 
By means of suitable interconnecting cables, 
connections for which are shown in the sche-
matic diagrams, it is possible to select either 
band by operation of a single switch at the 
control position. Operation thereafter is con-
trolled entirely by the push-to-talk switch on 
the microphone. 

Both units use Valpey type CM-5 crystals 
in the 24-27- Mc. range, with a 2E30 Tri-tet 
oscillator doubling to 48-54 Mc. The oscillator-
doubler drives a Hytron 5516 amplifier di-
rectly in the 50- Mc. transmitter. A Type 5812 
tripler drives the 5516 final in the 144- Mc. rig. 
The modulator uses two 2E30s driven directly 
by a carbon microphone. Coaxial output fit-
tings are provided for antenna connection, and 
a series-tuned antenna coupling circuit is in-
cluded in each unit. Note that the jacks for 
metering purposes are recessed in back of the 
panels, to prevent contact with the high 
voltage, a danger spot in many mobile installa-
tions. 

The SO-Mc. R.F. Section 

The 50-Nly. r.f. unit, Figs 20-21, 20-22, 
and 20-23, is built on an aluminum chassis 4 
inches square and 2 inches high. The panel is 
4 inches square, with a half-inch lip folded 
over across the bottom for fastening to the 

Fig. 20-20— A com-
plete mol•ile station 
for 50 and 144 Mc. us-
ing quick-heating fila-
ment tubes. The 144-
Me. r.f. section is at 
the left, the 50-Mc. 
portion at the right, 
and the modulator w 
the middle. 
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chassis. Arrangement of the parts is obvious 
from the photographs. It will be seen that the 
screen dropping resistor, R2, is a lower value 
in this unit than in the 144- Mc. one. More os-
cillator power was required, as the final stage 
is driven directly, and the value of the screen 
resistor is a good means of controlling oscil-
lator output. 
No neutralization of the final was required, 

but a slight regenerative tendency at some 
condenser settings was corrected by the in-
sertion of 115, a 22-ohm resistor, at the grid 
terminal of the 5516. 

The 144-Mc. Portion 

The 2-meter r.f. section is built on a stand-
ard 2 X 5 X 7-inch chassis, with a 6 X 7-inch 

Typical Operating Conditions in the 50- and 

144-Mc. Mobile Transmitters of Fig. 20-20 When 
Used with a 300 Volt Supply. 

Plate Screen Grid 
Stage Current Voltage Current 

50-Me. Oar. 30 ma. 200 v. — 
14-1- Me. (Mr. 30 175 — 
144-Me. Triplet 40 150 — 
50-Me. Amp. 60 220 3 ma. 
I44-Mr. Amp. 60 160 3 
N1,dulator 50-80 300 — 

panel. The oscillator is similar to the 6- meter 
one, except as noted above. It is followed by a 
tripler stage using a 5812, a tube similar to the 
2E30 but designed specifically for frequency 
multiplication. The plate circuit of this tube is 
inductively coupled to the final grid circuit, 
L3 atol L4 being hairpin-shaped loops visible 
in t he lout tom view, Fig. 20-26. 

Note the method of neutralization used in 
the final stage. The copper fin (designated as 
C16 in Fig. 20-25) visible in the rear view of 
the 144-Mc, unit is a device occasionally 
found necessary in tetrode amplifiers. In this 
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Fig. 20-21 — Rear view of the 50-Mc. r.f. section. The 
knob above the chassis is the cathode control. The final 
tank circuit is at the upper left, with antenna series 
tuning at the upper right. 

case the physical layout was such that the grid-
plate capacitance was effectively negative; 
thus the addition of external capacitance di-
rectly from grid to plate. The position of the fin 
is adjusted in the normal manner. It was made 
by hammering out the end of a piece of 16-inch 

copper tubing. 

Details Common to Both Units 

The Tri-tet circuit is modified for filament-
type tubes by using closely-coupled (inter-
wound) coils in the filament leads and tuning 
one of them. This cathode circuit is resonated 
slightly higher than the frequency marked on 
the crystal. It may be tuned for maximum grid 
current indication in the succeeding stage. 
Then are various t ypes of crystals for the 
24- 27- Mc. range. Until recently such crystals 
have been highly active but very unstable, 
and great care has been necessary tu prevent 
extreme drift when t hey were used. Most 
crystal companies now supply harmonic-type 
crystals t hat are less active, but much more 
st;ible. The same cathode circuit will work 
milli either variety, but more input will have 
to be run to the oscillator to aehievg, t he same 
grid drive when t he new type of cryst al is used. 
If the old-type cryst al s an. used the se n.e n 
resistor, R2, can be increased to as mulch as 
120,000 ohms, dropping t he t ot al cat limit. eur-
rent to about 20 ma. At this input the drift, 
with t he unstable type of eryst al, is not severe. 
It amounts to approximately 20 to 30 ke., at 
144 Mc., but may be as much as ten t hues this 
value if the oscillator is not operated cor-
rectly. The newer types of crystals show a 
quick drift of a few kilocycles at 144 Mc., as 
the plate voltage is applied, but remain fairly 
steady after the first few seconds. 
The cathode-circuit valttes given are correct 

for either type of crystal. The cathode coils, 
LIA anti L18, are made by winding with two 
wires simultaneously. A coating of household 
cement over the windings will hold them to-
gether, giving the coil the appearance of a 
single winding. 

Fig. 20-22 — Schematic diagram of the 50-Mc, mobile unit. 

— 50-iiiifd. variable (Millen 20050). 
C a, C 3 — 15.55fd. variable (Millen 2001.,). 
C5, C s, C 7. C 9, C IO — 470-meifd. mica. 
Cg — mica or ceramic. 

—0.1 megolun„ j watt. 
132 — 39,000 ohms, 1 watt. 
133 — 100 ohms, 1 j %% att. 
134 — 15.000 ohms, !,:j watt. 
Its — 22 ohms, 14j watt. 
132 — 8000 ohms, 2 watts. 
LIA, LIB — Interw d coils, each 12 turns No. 

enamel, %-inch diameter. 

1.2-7 turns No. 18 tinned, 1 j-nich diameter, 8 inch 
long (B & W Miniduetor, No . 3002). 

11.3 — 8 turns No. 20 tinned, 1 -inch diameter, 1 inch 
long (13 & W N o. 3002). 

— 7 turns No. 20 tinned, 1j-inch diameter, 1; le inch 
long (B & W No. 3003). 

— Pilot-lamp assembly with 60-ma. bulb. 
J1,12 — Closed-circuit jack. 
J3 — Coaxial output fitting. 

18 P1 — 4-prong male plug (Jones P-304-A R). 

RFC1, RFC2 — r.f. choke (Ohmite Z-50). 
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Provision is made for metering the grid and 
plate circuits of the final stages by means of 
jacks in each rig. An approximate check on 
the final plate currents, sufficient for normal 
tuning-up purposes, is provided by a 60-ma. 
pilot lamp connected in thehigh-voltage lead to 
the final plate After a few comparisons be-
t ween the bulb brilliance and observed plate-
meter readings it will lw possible t ° estimate t he 
plate current fairly closely by this means. The 
red jewel in front of the lamp also allows it to 
serve as a power-on indicator. Off-resonance 
or no-drive plate current in the 50- Mc. final 
stage may be sufficient to burn out 
a 60-ma, pilot lamp, so a 150-ma. 
bulb may be used during the initial-
test phases. Once t he rig is adjusted 
there is little likelihood that the 
current will exceed 80 ma. or so, 
which the 60-ma, lamp will take in 
stride. 

• 

Fig. 20-24 — Rear 
view of the 11.1.N1c. 
 h ilt' unit. The cop-
per lin at the side of 
the total tube k a nett. 
traliring adjiktment. 

• 

Fig. 20-23 — Bottom 
view of the 50•Mc. 
rig. Note the inter-
wound cathode coil at 
the left. 

The Modulator and Control 
Circuits 

The modulator, Figs. 20-27 and 
20-28, is also the power-distribution 
unit. Control of the power .s.‘ stem is 
by t lo posit-to-t al k microphone but-
ton, u the toggle sa i Ili, Si, by whielt 
the t ransmit ter may be turned on and 

off conveniently front the test position. Titis 
swit eh is, of course, normally open. The only 
(it For control switch is one to be mounted at 
t operating position to select the band to 
be used. If only one r.f. section is constructed 
this remote selector switch ( not shown in the 
seheinali(' diagrams) and its associated power 
socket, 12 in Fig. 20-28, can be dispensed with. 
Thp male power plug, P1 in Fig. 20-28, and 

the three female power sockets, J2, J3 and Ja, 
are mounted along the back of the modulator 
chassis. Power details of a typical installation 
are shown at A and B in this diagram. A 3-wire 
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Osc — Dblr TrIpler 

Fig. 20-25 — Schematic diagra 

C1 — 50-gafd. variable ( Millen 20050). 
Cz, Ca, C4 — 15-ggfd. variable (Millen 20015). 
CS 6-ggfd.-per-section butterfly variable (Cardwell 

ER-6-11FS). 
Cg — 35-55M. variable (Millen 20035). 
C7, C8, Cg. C11, C12, C13, C14, C15, C17, C18, Clg, C20. C2I 

— 470-add. mica. 
Cio — 47-ggfd. mica. 
C15— Neutralizing-capacitor plate — see text and 

Fig. 20-24. 
RI, 114 — 0.1 megohm, watt. 
112 — 82,000 ohms. A watt. 
113 — 100 ohms, A watt. 
115 — 33,000 ohms, A watt. 
Rs — 15,000 ohms, watt. 

shielded cable can be used between the power 
sources, B, and the power plug, P1, on the 
modulator. The wires carrying the filament 
current and the generator starting current 
should, of course, be heavy conductors. The 
cable shield can be used for the common 
ground, Pin 2 on Pt. 

If the filament selector switch is located at a 
distance from the modulator the leads from it 
to J2 should be of wire capable of carrying 2 
amperes without appreciable drop. As indi-

Amphfler 

m of the 144-Mc. r.f. section. 
R7 — 22,000 ohms, 1 watt. 
LIA. LIB — Interwound coils, each 13 turns No. 18 ena-

mel, .%-inch diameter. 
L2 — 7 turns No. 18 tinned, 2-inch diameter, % inch 

long (B & W Miniductor No. 3002). 
L3, L4 — Hairpin loops No. 14 wire, 1% inches long, 

% inch wide. (See bottom view, Fig. 20-26.) 
L5 — 6 turns No. 14, c.t., with %.inch space at center, 

A.inch diameter, 1 inch total length. 
L6 — 1 turn. No. 11 enamel, %.inch diameter. 
11 — Pilot-lamp assembly with 60-ma. bulb. 
II, J2 — Closed-circuit .Wk. 
— Coaxial output fitting. 

Pi — 4-prong male plug (Jones L-304-AB). 
RFCI, RFC2, R FC3 — 1.8-gh. r.f. choke (Ohmite Z-144). 

cated in the diagram, there should be 4-con-
ductor cables from J3 to the 50- Me. r.f. sec-
tion, and from J4 to the 144- Me. unit. 
The modulator uses a single stage, wit bout a 

speech amplifier. Though this necessitates 
close talking it makes for economy and simpli-
fies bias problems. It also keeps down power-
supply noise (electrical) and car noise ( me-
chanical). With a 300-volt supply there is ade-
quate audio for modulating the final stage of 
either rig. Bias is supplied by a 30-volt hear-

Fig. 20-26 — Bottom 
iew of the 144- Mc. 

transmitter. Note the 
hairpin loops in the 
tripler-plate and am-
plifier-grid circuits. 
Oscillator components 
are at the left, the 
tripler in the middle, 
and the amplifier at 
the right. 

• 
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Fig. 20-27 — Bottom 
view of the modulator 
and power-distribu-
tion unit. 

ing-aid battery, which should be good for two 
years or more of ordinary use. 

Testing 

Operation of this equipment is similar to 
that of any transmitter using tetrode tubes, 

To Remote 
Fit. Switch 

To F., 
44- Mc. Xmtr 

(A) 

To Pin 
No I P, 

_ 6V. 

Modulator 

To P, 
50-Mc. Xmtr 

To Pin To Pin 
No39 NO.4 P, 

+65 +300V 

-0 o 
+6V 

(Ft) Battery Start ng Power 
Relay Supply 

Fig. 20-28 — Schematic diagram of the modulator unit. 
Chassis size, 2 by 5 by 7 inches. Connections to the power 
plug and jacks on the unit are shown at A. External power 
circuits are given in B. 

Bo — Bias battery, 30 volts (Eveready No. 430 hearing. 
aid type). 

Ji — Microphone jack, double-button type. 
J2, J3, J4 — 4-prong female plug (Jones S-304-AB). 
Po — 4-prong male plug (Jones P-3(14-18). 
So — S.p.s.t. toggle switch. 
Ti — Microphone transformer (Thordarson T-20A02). 
T2 Modulation transformer (Stancor A-3845). 
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except for the removal of filament voltage dur-
ing stand-by periods. A supply voltage of 300 
is recommended, though lower or higher 
voltages may be used with suitable modifica-
tion of the circuit values. No more than 300 
volts should be applied to any of the smaller 
tubes, in any case, and the generator type of 
supply is recommended. 

Bench testing can be done with an a.c. sup-
ply, though there will be some hum in the 
modulation. Operation should be checked, 
starting with the oscillator, with plate voltage 
applied to this stage only until it is running 
Properly. An insulated rod, or an empty 'phone 
plug, can be inserted in the amplifier plate jack 
to permit tuning the exciter portion without 
damaging the final tube. The accompanying 
table shows the approximate voltages and cur-
rents that will result from use of a 300-volt 
supply, when the rigs are properly tuned. All 
controls except the final plate and antenna 
coupling should be adjusted for maximum final 
grid current. 
The antenna coupling circuit shown will 

permit the use of almost any coaxial-line-fed 
antenna system. The proper method of ad-
justment is to set the coupling at the loosest 
value that will permit the proper plate cur-
rent to be drawn when the series condenser is 
tuned for plate current peak. If the system is 
properly tuned there will be little, if any, 
change in the position of the final plate tuning 
for minimum plate current, with and without 
the antenna connected to the coaxial output 
fitting. 

Conclusion 

Because the form factor of the mobile in-
stallation will be different with almost every 
car, no particular case or mounting is shown. 
The designs merely show practical parts ar-
rangements and electrical values, leaving the 
shape and placement of the units to the indi-
vidual constructor. 
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Mobile Power Supply 

By far the majority of amateur mobile in-
stallations depend upon the car storage battery 
as the source of power. The tube types used in 
equipment are chosen so that the filaments or 
heaters may be operated directly from the 
battery. High voltage may be obtained from 
a supply of the vibrator-transformer-rectifier 
type or from a small motor-generator operat-
ing from the battery. 

Filaments 

Because tubes with directly-heated cathodes 
(filament-type tubes) have the advantage that 
they can be turned off during receiving periods 
and thereby reduce the average load on the 
battery, they are preferred by some for trans-
mitter applications. However, the choice of 
types with direct heating is limited, especially 
among those for 6-volt operation, and the 
saving may not always be as great as antici-
pated, because directly-heated tubes may re-
quire greater filament power than those of 
equivalent rating with indirectly-heated cath-
odes. In most cases, the power required for 
transmitter filaments will be quite small com-
pared to the total power consumed. 

. Plate Power 

Under steady running conditions, the vi-
brator-transformer-rectifier system and the 
motor-generator-type plate supply operate 
with approximately the same efficiency. How-
ever, for the same power, the motor-genera-
tor's over-all efficiency may be somewhat lower 
because it draws a heavier starting current. 
On the other hand, the output of the generator 
requires less filtering and sometimes trouble is 
experienced in eliminating interference from 
the vibrator. 

Mobile Power Considerations 

Since the car storage battery is a low-voltage 
source, this means that the current drawn 
from the battery for even a moderate amount 
of power will be large. Therefore, it is impor-
tant that the resistance of the 6-volt circuit 
be held to a minimum by the use of heavy con-
ductors, no longer than necessary, and good 
solid connections. A heavy-duty relay should 
be used in the line between the battery and 
the plate-power unit. An ordinary toggle 
switch, located in any convenient position, 
may then be used for the power control. A 
second relay may sometimes be advisable for 
switching the filaments. If the power unit must 
be located at some distance from the battery 
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(in the trunk, for instan(e) the 6-volt cable 
should be of the heavy military type. 
A complete mobile installation may draw 

30 to 40 amperes or more from t he 6-volt bat-
tery. This requires a considerably increased 
demand from the ear's battery-charging gen-
erator. The voltage-regulator systems on ears 
of recent years will take care of a moderate 
increase in demand if t he ear is , Iriven fair dis-
tances regularly at a speed great enough to 
ensure maximum charging rate. However, if 
much of the driving is in urban areas at slow 
speed, or at night, it may be necessary to 
modify the charging system. Special eommu-
nieations-type generators, such as those used 
in police-car installations, are designed to 
charge at a high rate at slow engine speeds. 
The charging rate of the standard system can 
be increased within limits by tightening up on 
the voltage-regulator spring. This should be 
done with caution, however, checking for ex-
cessive generator temperature or abnormal 
sparking at the commutator. The average ear 
generator has a rating of 35 amperes, but it 
may be possible to adjust the regulator so t hat 
the generator will at least hold even with the 
transmitter, receiver, lights, heater, etc., all 
operating at the same time. 

Anot her scheme that has been used to in-
crease generator output at slow driving speeds 
is to decrease slightly the diameter of the gen-
erator pulley. This means, of course, that the 
generator will be running a! ove normal at 
high driving speeds. Some generators will not 
st and t he higher speed without damage. 

If higher transmitter over is used, it may 
be necessary to install an a.c. charging system. 
In this sytem, the generator delivers a.c. and 
works into a rectifier. A charging rate of 
75 amperes is easily obtained. Commutator 
trouble often experiencecl with d.c. generators 
at high current is avoided, but the cost of such 
a system is rather high. 
Some mobile operators prefer to use a, sep-

arate battery for the radio equipment. Such a 
system can be arranged with a switch that cuts 
the auxiliary battery in parallel with the ear 
battery for charging at times when the ear 
battery is lightly loaded. The auxiliary battery 
can also be charged at home when not in use. 
A tip: many mobile operators make a habit 

of carrying a pair of heavy cables five or six 
feet long, fitted with clips to make a connec-
tion to the battery of another car in case the 
operator's battery has been allowed to run too 
far down for starting. 

Mobile Antennas 
Most mobile antenna systems are I of 

the quarter-wave type, the car body serving as a 
ground plane. Exceptions are the half-wave 
systems sometimes used for 50- and 114-Mc. 
operation. At 29 Mc., a simple quarter-wave 

vertical whip (approximately 8 feet) is feasible 
for mounting on a car. If the distance between 
the transmitter and the base of the antenna is 
short, such an antenna ean be fed simply as 
shown in Fig. 20-29A, the condenser tuning out 
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(B) (A) 
20.29 — At 28 Mc. an 8-ft. whip , an be coupled by 

a simple link if the antenna is el.., to the transmitter, 
or otherwise by a coaxial cable. 

the reactance of the coupling link. If the line 
must be over a foot or so, it is best to feed the 
antenna with coaxial caltle, as shown at B. 
Fifty-two-ohm cable provides a reasonable match, 
but a more accurate match can be obtained by 
using two sections of 73-ohm cable in parallel. 

• 4-MC. OPERATION 

A quarter-wave system for lower frequencies 
usually is simulated by t he addition of loading 
inductance cap:wit:1m,t the 10-meter whip 
to make the system resonant at the operating 
frequency, all hough mechanical considerations 
sometimes may make it necessary to use a radi-
ator shorter than 8 feet. 
The approximate theoretical equivalent of a 

very short antenna is shown in Fig. 20-30A. J? 
represent s essentially the radiation resistan/.i. 
whirl' is in the vicinity of 0.5 ohm for an .- it. 
whip a t I Mc., while e is the cap:wit:m(4 iii t iii 
antenna which may be determined approxi 111:1 y 

from: 

= 

[(, Inge i][i2 16_I k) 24L \ 

where 

17L 

C„ = capacitance of antenna in add. 
L = antenna height in feet 
I) = diameter of radiator in inches 
F = operating frequency in Mc. 

24L 24L 
loge —I) = 2.3 log - --

D 

in/Du t 

(A) (B) 
Fig. 20.30 — A — Equivalent circuit of short antenna 
without loading. B — Equivalent circuit with loading 
coil. 
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Fig. 20-31 shows approximate capacitances for 
various sizes of eolith:idor and lengths. 

Frt On the circuit of Fig. 20-30A, it is seen that 
any current flowing through must also flow 
t ht ugh the reactance of C. The capacitance of an 
S-ft. whip averages about 25 gmfd., representing a 
capacitive reactance of about 2000 ohms at 4 
M. This reactance can be eliminated by adding 
a loading coil in series, as shown in Fig.. 20-30B. 
The reactance of the coil must be equal to the 
reactaneyil the condenser: in other words, the 
system is tuned to resonance, leaving only the 
resist:11We of the coil in series with the radiation 
resistance of the antenna. 

Loading Coils 

Since the power output of the transmitter is 
now divided bet ween the antenna and the loading 
coil in proportion to their resistances, maximum 
power will be delivered to the antenna when the 
resistance of the loading coil is made as small as 
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Fig. 20-31 — Graph showing the eapacitance of short 
vertieal antennas for y ari )))) s diameters and lengths. 

possible. Because the resistance of even a good 
coil may be several times the antenna resistance, 
it is most important that the Q of the coil be as 
great as pissible. Coils of high Q require large 
diameter, and large conductor wound in " air-
wound" fashion. The turns should be spaced 
approxima tely t he diameter of the conductor and 
the insulation should be good. Where " air-
wound" construetion is not mechanically feasi-
ble, the form should be of the best low-loss 
material available. such as large-diameter poly-
styrene roil. 

Top Capacitive Loading 

Since the coil resistance varies with the induc-
tance of a coil, the resist:owe can be further 
reduced by decreasing the size of the coil. This 
can be done if the capacitance of the antenna 
above the coil is increased correspondingly to 
maintain resonance. In addition, such capacitive 
loading increases the current in the upper part 
of the antenna from which most of the useful 
radiation takes place. Some capacitance can be 
added by increasing the diameter and length of 
the antenna, as Fig. 20-31 indicates, but to 
obtain appreciable increase in capacitance, it is 
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- The top.loadeil 1-1le. antenna 115©d by 
11 . \ The loading coil is a IS M 11. transmitting coil. 
he mil call be tuned by the sari:dd.. link which is 

connected in series with the t s. 1111, C, a the coil. 

necessary to add a large capacitive surface at the 
top of the antenna, or as close to the top as 
mechanically feasible. Capacitive " hats," as they 
are usually vaned, May consist of a large metal 
ball, a cylindrieal can or, as shown in Fig. 20-32 
(Bib. t), a wheel st rum un e of aluminum wire. The 
capacitance of the latter can be increased by cov-
ering it with aluminum screening. Fig. 20-33 
gives the approximate capacitance to be expected 
with top-loading devices of various forms and 
dimensions. 

Coil Location 

Whether a top capacitance is used or not, 
placing the loading coil at the base is easiest 
mechanically, but appreciable increase in effec-
tiyt. radiation can be obtained by moving the 
coil up on the antenna, since this increases the 
current in the upper portion of the antenna. ( If 
the coil is connected at the base, it should make 
little difference whether the coil is mounted inside 
or outside of the ear. In either case, he coil and 
its lead to the antenna should be kept well spaced 
from the car body and the connecting lead should 
be short.) As the coil is raised on the antenna, the 
capacitance tuning it is reduced, so that more 
turns must be added to the coil to maintain 
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resonanee. Thus the gain is offset somewhat by 
the increased resistance of the coil. If the coil 
rihrtie ‘‘ r.re ni viii to the top of the antenna, only 
he self-cap:wit:wee of t mil would remain and 

would become impractieally large. Ex-
perienee has shown that the best compromise 
is obtained when the coil is placed at about the 
center of the antenna. 

However, if sufficient top loading capacitance 
is added, the best posit ir in for the coil is at the 
top of the antenna, ilireptly under the " hat," 
since the adder! cai raritall(1. sets it reasonable 
value on mil size. Somet fines the " hat" is made 
in the form of a ran enclosing the coil. But a 
metal enclosure will hover the Q of the coil ap-
preciably, unless it is altmit three times the ilium-
't r q. or. t If the diameter of the enclosure 18 
111111ted for mechanical reasons, it is much better 
to use a plastic enclosure to protect the roil 
agaittst weather. 

Tuning 

Sitwe 111‘• brial resistanefi or the anteims sys-
tem is low, ii IH.,..mes very erit ica I in adjustment 
to resonance. a rot the power drawn front the 
t ransmit ter \‘ ill r Ir lu off rapidly as the frequency 
is changed either side of the resonant frequency 
of the antenna system, requiring retuning for 
ehanges of more than 5 ke. or so in operating 
frequeney. Various schemes have been devised 
for tunitig the loading coil. In addition to the use 
of closely-Sp:0141 taps on the coil and a shorting 
(lip, a variable brass slug or disk flipper is some-
times used (see Fig. 20-34A) (Bib.2). Turns can 
also Ire shorted out with a slider arrangement, as 
shown rut B (Bib.3). A metal ring, surrounding the 
coil, but not in contact with it, can be used to 
vary the tuning 100 ke. or so by moving it up anti 
down along the coil. This arrangement is sketched 
at C (Bil).4). The physical form of high-Q coils 
does not lend itself well to any of these devices, 
however. In this case, a small variable inductance 
at the base of the antenna is sometimes used for 
tuning purposes. Because of the resistance it in-
troduces, it should be made only large enough to 

ss0 

100 

90 

so 

o 
.0 

CYLINDER 

SP//EÑE 

10 15 20 25 30 35 40 45 50 55 60 

DIAMETER INCHES 

Fig. 20-3.3 — Capacitances of spheres, disks and cylin-
ders in free space. These values are approximately those 
to be expected when used with top-loaded whip anten-
nas. 'I'he cylinder length is assumed to be equal to its 
diameter. 
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(3) (c) 
Fig. 20-34— Three methods of varying loading-coil inductance. In A, a brass slug is moved up or down inside the 
coil form. A slider contacting the turns of the coil is shown at B. In C, a copper ring surrounding the coil is moved 
up or down on a sliding arm. The bakelite tubing prevents contact between t In. ring and the coil. 

cover the desired band of frequencies, being 
entirely shorted out for the high-frequency end 
of the range. 

Feeding the Loaded Whip 

Since the total resistance of the loading coil 
and antenna is usually a matter of 10 ohms or so, 

Fig. 20-35 — Matching coaxial 
line to the loaded whip. 1.1 is a 
coil of about 5 mh. for t Mc. The 
line is tapped on at about 1 mh. 
1.2 is the regular loading coil, re-
duced by the amount of induct-
ance in 

it is obvious that there will be a very poor match 
of impedances if the antenna is fed directly with 
coaxial cable. In this case, the line must be very 
short and of low reactance and good insulation 
if allirecialile loss is to be avoided. A matull to 
coaxial cable can be obtained by the method 
shown in Fig. 20-35 (Bib.5). L1 is a coil of about 5 
Mb. and for a 73-ohm line, the tap should come 
at about 1 mh. from the grounded end. The tap 
should adjusted for minimum s.w.r. On the 
line, following the procedure discussed in the 
transmission-line chapter. During the adjust-
ment, the system must be kept at resonanee by 
tuning the loading coil, L2. 

7- and 14-Mc. Operation 

The operation of the antenna for 7 and 14 Me. 
is similar to that described for 4 Mc., except that 
the loading coil will be smaller and the efficiency 
will be higher. At 14 Me., it may be possible to 
dispense with the loading coil entirely if the top 
loading capacitance is made sufficiently large. 

• ANTENNAS FOR 50 AND 144 MC. 
A common type of antenna empli,\ , 1 for 

mobile operation on 50 and 144 Mc. is the 
quarter-wave radiator which is fed with a 
coaxial line. The antenna, which may be a 
flexible telescoping " fish pole," is mounted in 
any of several places on the car. Quite a good 
match may be obtained by this method with 
the 50-ohm coaxial line now available; how-
ever, it is well to provide some means of tun-
ing the system, so that all variables can be 
taken care of. The simplest tuning arrange-
ment consists of a variable condenser con-
nected bet ween the low side of the transmit-

Fig. 20-36— Method of feeding quarter-wave 
mobile antennas 1, it h coaxial line. Ci should 
have a nuaxinlunu capacitance of 75 to 100 gmfd. 
for 28- and 50- Mc. %, ork. /. 1 is an adjustable link. 

CI 

ter coupling coil and ground, as shown in Fig. 
20-36. This condenser should have a maximum 
eapacitance of 75 to 100 mad. for 50 Mc., and 
should be adjusted for maximum loading with 
the least coupling to the transmitter. Some 
met hod of varying the coupling to the trans-
mitter should be provided. 
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• 

Fig. 20-37— W511Gt .'s 
venter-loaded antenna 
with matching coil at 
base. 

• 

The short antenna required for 
144 Me. (approximately 19 inches) 
permits mounting the antenna on 
the top of the car. This provides 

e«erage in all directions, the 
ear body acting as a ground plane. 
When the antenna is mounted 
elsewhere on the car, it is apt to 
show quite marked dirt et i it y. 
Because of this it is desirable to 
use the same antenna for both 
transmitting and receiving. 
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CHAPTER 21 

Measurements 
It is practically impossible to operate an 

amateur station without making measurements 
at one time or another, even though the methods 
used may be quite crude. An example of a simple 
measurement is one that determines whether an 
amplifier stage in a transmit ter is properly tuned; 
it ran 1)e done with no more elaborate equipment 
than a flashlight lamp and a piece of wire, but 
whatever the method used, a measurement is es-
sential because the circuit itself gives no visible 
indication of the state of its tuning. The more re-
fined the measuring equipment and methods, the 
more information can be obtained, and with more 
information at hand it becomes possible to adjust 
a piece of equipment for optimum performance 
more quickly and surely. Measuring and test 
equipment is especially valuable in building and 
in the in adjustment of radio gear, and in 
locating and correcting breakdowns and faults. 
The basic measurements are those of current, 

voltage, and frequency. Determination of the 
values of circuit elements -- resistance, induet-
am.e and capacitance — are almost equally im-
portant. The inspection of waveform in audio-
frequency circuits is highly useful. For these pur-

poses there is available a wide assortment of in-
struments, both complete and in kit form; the 
latter, partieularly, compare very favorably in 
cost with strictly home-built instruments and are 
freipently more satisfactory liot h in appearance 
and calilwation. The instruments described in 
this chapter are ones having features of particular 
usefulness in amateur applications. 

In using any instrument it should always be 
kept in mind that there is no such thing as an 
"absolute" measurement, and that measure-
ments depend not only on the inherent accuracy 
of the instrument itself (which, in the case of 
commercially built units is usually within a few 
per cent, and in any event should be specified by 
the manufacturer) but also the conditions under 
which the measurement is made. Large errors can 
be introduced by failing to recognize the existence 
of conditions that affect the instrument readings. 
The instrument can only record what it sees — 
and what it sees may be something quite different 
from what the operator thinks it sees. This is 
particularly true in certain types of r.f. measure-
ments, where there are many st ray effects that 
are hard to eliminate. 

D.C. Measurements 

A direct-current instrument — voltmeter, am-
meter, milliammeter or microammeter — is a 
device in which magnetic force is used to deflect 
a pointer over a calibrated scale in proportion to 
the current flowing. In the D'Arsonval type a 
coil of wire, to which the pointer is attached, is 
plyciii.d bet weep the poles of a permanent mag-
net. and when current flows through the coil it 
causes a magnetic. field t ha t intyrnets with that 
of t he magnet to cause t 111 . 1.11il 10 turn. The turn-
ing force is exerted against a spiral spring a t-
tarlied to the coil and the pointer deflection is 
directly proporti,)11;11 t o the current. 
A less expensive type of instrument is the 

moving-vane type, in which a pivoted iron vane 
is pulled into a cc of wire by the magnetic field 
set up when curo ut flows through the coil. The 
farther the Valle extends into the coil the greater 
the magnetic force on it, for a given change in 
current. sci this type of instrument does not have 
"linear- deflect - that is, the scale is cramped 
at the low-eurrent end and spread out at the high-
current end. 
Th, same basic instrument is used for measur-

ing either current or voltage. Good-quality in-
struments are made with fairly high sensitivity — 
that is, they give full-scale pointer deflection 
with very small currents — when intended to be 
used as voltmeters. The sensitivity of instru-

ments intended for measuring large currents can 
be lower, but a highly sensitive instrument ran 
be, and frequently tS, USNI for measurement of 
currents much greater than needed for full-scale 
deflection. 

• VOLTMETERS 
Only a fraction of a volt is required for full-

scale deflection of a sensitive instrument (I mil-
liampere or less full sali) so a high resistance is 
connected in series with it, Fig. 21-1, for measur-

SHUN? 

Fig. 21-1 — flow voltmeter multipliers an I milliam 
meter shunts are connected to extend the range of a 
d.c. meter. 

ing voltage. Knowing the current and the resist-
ance, the voltage can easily be calculated from 
Ohm's Law. The meter is calibrated in terms of 
the voltage drop across the series resistor or 
multiplier. Practically any desired full-scale 
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voltage range can be selected by proper clioice of 
multiplier resistance, and voltmeters irialuently 
have several ranges selected by a swit,•11. 
The sensitivity of the voltmeter is usually ex-

pressed in "ohms per volt." A sensitivity of 1000 
ohms per volt means that the resistance of the 
voltmeter is 1000 times the full-scale voltage, 
and by Ohm's Law the current required for full-
scale deflection is 1 milliampere. A sensitivity of 
20,000 ohms per volt, another commonly used 
value, means that the instrument is a 50-micro-
ampere meter. The higher the resistance of the 
voltmeter the more accurate the measurements 

100V. 
150K 

250V 
Full 
Scale 

1Mo. 
250V, 

1000 n/v. Meter reads app. 71 V. 

20K n/v. Meter reads app. 98V 

II Meg. Meter reads app. 99V 

Fig. 21-2 — Effect of voltmeter resistance on accuracy 
of readings. It is assumed that the d.e. resistance of the 
screen circuit is constant at 100 kilohms. 'I'he actual 
current and voltage without the voltmeter connected 
are 1 ma. and 100 volts. The voltmeter readings will 
differ because the different types of meters draw differ-
ent amounts of current through the 150-kilohm resistor. 

in high-resistance circuits, because the current 
taken by the voltmeter may cause the voltage to 
differ from its value with the voltmeter discon-
nected. This is shown in Fig. 21-2. 
The required multiplier resistance is found by 

dividing the desired full-scale voltage by the cur-
rent, in amperes, required for full-scale deflection 
of the meter alone. Strictly, the internal resist-
ance of the meter should be subtracted from the 
value so found, but this is seldom necessary (ex-
cept- perhaps for very low ranges because the 
meter resistance will be negligibly small compared 
with the multiplier resistance. An exception is 
when the instrument is already provided with an 
internal multiplier, in which ease the multiplier 
resistance required to extend the range is 

R = li,n(n — 1) 

where R is the multiplier resistance, I?„„ is the 
total resistance of the instrument itself, and n is 
the factor by which the scale is to be multiplied. 
For exatnple, if a 1000-ohms-per-volt voltmeter 
having a calibrated range of 0-10 volts is to be 
extended to 1000 volts, R,„ is 1000 X 10 = 
10,000 ohms, n is 1000/10 = 100, and I? = 
10,000(100--1) = !100,000 ohms. 

If a milliammeter is to be used as a volt-
meter, the value of series resistance can be 
found by Ohm's Law: 

R = 
1000E  

where E is the desired full-scale voltage and / 
the full-scale reading of the instrument in 
milliamperes. 

The arcuracy of a voltmeter depends on the 
calibration accuracy of the instrument itself and 
the accuracy of the multiplier resistors. Precision 
wire-wound resistors are used in high-quality 
instruments, but for most purposes standard V2-
or 1-watt composition resistors will make an 
aceeptable and economical substitute. Such 
resistors are supplied in toleranees of 5, 10 or 20 
per cent ± the marked values. By obtaining 
matched pairs from the dealer's stock, one of 
which is, for example, 4 per cent low while the 
other is 4 per cent high, and using the pairs in 
parallel or series to obtain the required value of 
resistance, good accuracy can be obtained at 
small cost. High-voltage multipliers are prefer-
ably made up of several resistors in series; this not 
only raises the breakdown voltage but tends to 
average out errors in the individual resistors 
attributable to manufacturing tolerances. 

• MILLIAMMETERS AND AMMETERS 

A n ri antmeter or millianuneter Call In. 

to measure currents larger than its full-scale 
reading by connecting a resistance shunt across 
its terminals as shown in Fig. 21-1. This diverts 
part of the current through the shunt, and the 
total current is the sum of that through the shunt. 
and that through the meter. knowing the meter 
resistance and the shunt resistance, the relative 
currents can easily be calculated. 
The value of shunt resistance required for a 

given full-scale current range is given by 

R = 
n — 1 

where le is the shunt, R,„ is the internal resistance 
of the meter, and n is the factor by which the 
original meter scale is to be multiplied. The in-
ternal resistance of a milliammeter is preferably 
determined from the manufacturer's catalog, but 
if this information is not available it can be deter-
mined by the method shown in Fig. 21-3. Do not 
use an ohmmeter to measure the internal resist-
ance of a milliammeter; it may ruin the instru-
ment. 

R., 

Fig. 21-3 — Determining the internal resistance of a 
milliammeter (Jr microammeter. RI is an adjustable 
resistor having a maximum value about twice that 
necessary for limiting the current to full scale with R2 
disconnected; adjust it for exactly full-scale reading. 
Then connect R2 and adjust it for exactly half-scale 
reading. 'I'he resistance of Ra is then equal to the in-
ternal resistance of the meter, and the resistor may be 
removed from the circuit and measured separately. 
Internal resistances vary from a few ohms to several 
hundred ohms, depending on the sensitivity of the 
instrument. 
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Homemade milliam meter shunts can be con-

structed front any of the various special kinds 
of resistance wire, or from ordinary copper 
wire if no resistance wire is available. The Copper 
IN'ire Table in the data chapter gives the resist-
ance per 1000 feet for various sizes of copper 
wire. After computing the resistance required, 
determine the smallest wire size that will carry 
the full-scale current (at 250 circular mils per 
ampere). Measure off enough wire (pulled tight 
but not stretched) to provide the required resist-
ance. Accuracy can be checked by causing enough 
current to flow through the meter to make it rend 
full scale without the shunt : connecti, g the shut 
should then give the correct reading on the new 
full-scale range. 
Any current-measuring instrument should 

have very low resistance eompared with the re-
sistance of the circuit being measured: other-
wise, inserting the instrument will cause the 
current to differ from its value with the instru-
ment out of the circuit. (This does not matter if 
the instrument is left permanently in the circuit.) 

Fig. 21-4 — N oltmeter method of measuring current. 
'Ili, method permits using relati.e4 large values of 
resi-t rince in the shunt, standard , :lbws of fixed resistors 
frequent' being usable. If the multiplier resistance is 20 
times th. 4  resistance (or   ) the error in aSSUM• 
ing that : ill the current flows through the si  will not 
he of consequenee in most practical applications. 

However, the resistance of many circuits in radio 
equipment is quite high and the circuit operation 
is affected little, if at all, by adding as much as a 
few hundred ohms in series. In such eases the 
voltmeter method of measuring current, shown in 
Fig. 21-4, is frequently convenient. A voltmeter 
— or hm-range milliammeter provided with a 
multiplier and operating as a voltmeter — having 
a full-se:Ile voltage range of a few volts, is used to 
measure t he voltage drop across a compara-
tively high resistance acting as a shunt. The 
formula above is used for finding the proper 
value of shunt resistance for a given scale-multi-
plying factor, /?”, in this case being the multiplier 
resistance. 

D.C. Power 

Power in direct-current circuits is determined 
by measuring the current and voltage. When 
these are known, the power is equal to the voltage 
in volts mutt Mucci by the current in amperes. If 
the current is measured with a milliammeter, the 
reading must be divided by 1000 to convert it to 
amperes. 

e RESISTANCE MEASUREMENTS 
Measurement of d.c. resistance is based on 

measuring the current through the resistance 
when a known voltage is applied, then using 
Ohm's Law. A simple circuit is shown in Fig. 21-5. 

Fig. 21-5 — Measuring resistance with a voltmeter and 
milliammeter. If the approximate resistance is known 
the voltage can be selected to cause the milliammeter, 
11.4, to read about half scale. If not, additional resist-
ance si Id lie first connected in series with R to limit 
the current to a safe value for the milliammeter. The 
set-up then measures the total resistance, and the value 
of R can he found bv subtracting the known additional 
resistance from the total. 

The internal resistance of the ammeter or milliam-
meter, .4, should be low compared with the re-
sistance. R. being measured, since the voltage 
wad I ty the voltmeter, V, is the voltage across A 
and k in series. The instruments and the d.c. 
voltage should be chosen so that the readings are 
in the upper half of the settle. if possible, since the 
percentage error is less in t his region. 
An ohmmeter is : In instrument consisting 

fundamentally of a volt meter (or milliammeter. 
depending on the circuit used) and a small dry 
battery as a source of d.c. voltage, calibrated so 
the value of an unknown resistance can be read 

(A) 

(B) 

(C) 

Fig. 21-6 — Ohmmeter circuits. Values are discussed in 
the text. 
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directly from the seale. Typical ohmmeter cir-
cuits are shown in Fig. 21-6. In the simplest type. 
shown in Fig. 21-6A, the meter and battery are 
connected in series with the unknown resistance. 
If a given deflection is obtained with terminals 
A-B shorted, inserting the resistance to be meas-
ured will cause the meter reading to decrease. 
When the resistance of the voltmeter is known, 
the following formula ran be applied: 

, = ell. , 
— 
E 

where R is the resistance under measurement, 
e is the voltage applied (A-11 shorted), 
E is the voltmeter reading with R con-

nected, and 
R, is the resistance of the voltmeter. 

The circuit of Fig. 21-6A is not suited to 
measuring low values of resistance (below a 
hundred ohms or so) with a high-resistance 
voltmeter. For such measurements the cireuit 
of Fig. 21-613 can be used. The milliammeter 
should be a 0-1 ma. instrument, and RI should 
be equal to the battery voltage, e, multiplied 
by 1000. The unknown resistance is 

R1211m — 10R 
li — 12 

where R is the unknown, 

R„, is the internal resistance of the 
milliammeter. 

Ii is the current in ma. with R discon-
nected from terminals A-B, and 

/2 is the current in ma. wit h R eon-
nee t ed. 

The formula is approximate, but the error will 
be negligible if e is at least 3 volts so that RI is 
at least 3000 ohms. 
A third circuit for measuring resistance is 

shown in Fig. 21-6C. In this case a high-resist-
twee voltmeter is used to measure the voltage 
drop across a reference resistor, 112, when the 
unknown resistor is connected so that current 
flows through it, le, and the battery in series. By 
suitable choice of R2 (low values for low resist-
ance, high values for high-resistance unknowns) 
this circuit will give equally good results on all 
resistance values in the range from one ohm to 
several megohms, provided that the voltmeter 
resistance, R,,,, is alwas very high (50 times or 
more) compared with the resistance of 112. A 
20,000-ohms-per-volt instrument (50-aamp. 
movement) is generally used. Assuming that the 
current through the voltmeter is negligible 
compared with the current through 112, the 
formula for the unknown is 

e 
R — 112 

where I? and 112 are as shown in Fig. 21-6C. 

e is the voltmeter reading with A-B 
shorted, and 

E is the voltmeter reading with R 
connected. 

The " zero adjuster," RI, is used to set the 

voltmeter reading exactly to full scale when the 
meter is calibrated in ohms. A 10,000-ohm 
variable resistor is suitable with a 20,000-
ohms-per-volt meter. The battery voltage is 
usually 3 volts for ranges up to 100,000 ohms 
or so and 6 volts for higher ranges. 

Combination Instruments 

Since the same basic instrument is used for 
measuring current, voltage and resistance, the 
three functions can rea,lily be combined in one 
unit using a single meter. Various models of the 
"VOM " (volt-ohm-milliammeter) are available 
commercially, the less expensive ones using a 
0-1 milliammeter. A simple circuit based on such 
a meter is shown in Fig. 21-7. It has five current 

Fig. 21-7 — Diagram of the ‘ olt-olun-milliamineter. 
H, — 2Poo-oltin mire-wound s ariable. 
li2 — :Wm) 2 N, alt. 

10-ina. - hunt. I 1.1111N (.1, text). 
-- 11. -,7i", phut -ce text). 

lin — 1000-ma. ( i.o.";7. oIon ,see text). 
— 1000-%olt multiplici. megolitti. 2 %S alt. 

It — lotbyttlt multiplier...5000 ItItrn›, '2 ssatt. 
li.:-10-solt min t Mier, 11000 Mons, s w 
B — 1.5-s nit clr> battery. 
SIA -13 — 2-pole selector switch. 

tnilliammeter. 

ranges, front 1 ma. to 1 ampere, three voltage 
ranges, 10 volts to 1000 volts, and two resistance 
ranges. Fig. 21-8 shows the ohmmeter calibra-
tion; the low-ohms curve is for a meter having an 
internal resistance of 55 ohms and should be 
calculated from the formula above (Fig. 21-613) 
for instruments of different resistance. 

Ordinary carbon resistors can be used as volt-
meter multipliers, connecting them in series or 
parallel to obtain a given value. The 10-, 100-
and 1000-1na. shunts can be made of copper wire 
wound on small forms. The approximate lengths 
and sizes of the wire for the shunts are as follows: 
R3, 9 feet No. 38 enameled; R4, 5 feet No. 30 
ellaIlleled: R5, 8 feet No. 18. 

It is possible to buy special VOM scales to re-
place the 0-1 scale for certain types of milliam-
meters. In such case the circuit recommended for 
that scale should be used. 
More expensive instruments use a 50-mtntp. 

meter in the VOM, with large scales l'or easy 
reading. Such instruments frequently include a.c. 
scales as well, and in general are better purchased 
complete than made at home. 
The VOM, even a very simple one, is among 

the most useful instruments for the amateur. 
Besides current and voltage measurements, it 
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Fig. 21-8 Calibration curve for du- high- and low-
ri,istance ranges of the volt-ohm-milliain meter. 

can be used for checking continuity in circuits, 

for finding defective compont.nts before installa-

tion — shorted condensers, open or otherwise 

defective resistors, etc. — shorts or opens in wir-

ing, and many other cheeks that, if applied during 

the construction of a piece of equipment, save 

much time awl trouble. It is equally useful for 

servicing, when a component fails during regular 

operation. 

e THE VACUUM-TUBE VOLTMETER 
The usefulness of the vacuum-tube voltmeter 

(VTVM) is based on the fact that a vacuum tube 
can amplify without taking power from the source 

of voltage applied to its grid. It is therefore pos-

sible to have a voltmeter of extremely high resist-

Fig. 21-9 — Vacuum-tube voltmeter circuit. 

anee, and thus take negligible current from the 
circuit under measurement, without using a d.c. 
instrument of exceptional sensitivity. 

While there are several possible circuits, the 
one commonly used is shown in Fig. 21-9. A dual 
triode, 171, is arranged so that, with no voltage 
applied to the left-hand grid, equal currents flow 
through both sections. Under this condition the 
two cathodes are at the same potential and no 
current flows through M. The currents can be ad-
justed to balance by potentiometer RH, which 
takes care of variations in the tube sections and 
in the values of cathode resistors R9 and Rif). 
When a voltage is applied to the left-hand grid the 
current through that tube section changes but 
the current through the other section remains 
unchanged, so the balance is upset and the meter 
indicates. The sensitivity of the meter is regu-
lated by R8, which serves to adjust the calibra-
tion. R12, common to the cathodes of both tube 
sections, is a feed-back resistor that stabilizes the 
system and makes the readings linear. R6 and el 
form a filter for any a.c. component that may be 
present, and /4 is balanced by 117 connected to 
the grid of the second tube section. 
To stay well within the linear range of opera-, 

tion the scale is limited to 3 volts or less in the 
average commercial instrument. Higher ranges are 
obtained by means of the voltage divider formed 
by HI to 11, inclusive. As many ranges as desired 
can be used. Common practice is to use 1 meg-

ohm at Rs, and to make the suns of 112 to Rb, 
illdUSiVe, 10 megohms, thus giving a total resist-
ance of 11 megohms, constant for all voltage 
ranges. 

For mcasuring a.c. voltages the rectifier circuit 
shown at the lower left of Fig. 21-9 is used. One 
section of the double diode, 12, is a half-wave 
rectifier and the second half acts as a balancing 
device, adjustable by Ri-, to eliminate contact 
potential effects that would cause a constant d.c. 

voltage to appear at the VTVM grid. When 

measuring a.c., k 6 is usually set so that tile rms. 
a.c. calibration coincides with the d.c. calibra-
tion. A separate resistor is frequently switched in 
for the purpose. 

Values to be used in the circuit depend consid-

Ci 0.002- to 0.005-51d. mica. 
CS — 0.01 ¡dd., 1000 to 2000 volts, 

paper or mica. 
Ri — 1 megohm, 3. watt. 
Ri to RS, inclusive — To give de. 

sired voltage ranges, total-
ing 10 megohms. 

Ro, 117 — 2 to 3 megohms. 
RS — 10,000-0h111 variable. 
Ro, Rio — 2000 to 3000 ohms. 
Ru i — 5000- to 10,000-ohm poten-

tiometer. 
RI2 — 10,000 to 50,000 ohms. 
RIS, RI4 — App. 25,000 ohms. 

A 50,000-ohm slider-type 
wire-wound can be used. 

RI5 — 10 megohms. 
Rio — 3 megohms. 
817 — 10-megohm variable. 
M — Microammeter, range from 

0-200 pomp. to 0-1 ma. 
Vi — Dual triode, 6SN7 or 12A1.17. 
V2 — Dual diode, 6116 or 6AL5. 
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erably on the supply voltage and the sensitivity 
of the meter, M. R12, and R13-R14, should be 
adjusted so that the voltmeter circuit can be 
brought to balance, and to give full-scale deflec-
tion on M with about 3 volts applied to the grid. 
The meter connections can be reversed to read 
voltages that are negative with respect to ground. 
The VTVM has the disadvantage that it re-

quires a source of power for its operation, as com-
pared with a regular d.c. instrument. Also, it is 
susceptible to r.f. pick-up when working around 
an operating transmitter, unless well shielded 
and filtered. The fact that one of its terminals is 
grounded is also disadvantageous in some cases, 
since a.c. readings in particular may be inaccu-
rate if an attempt is made to measure a circuit 
having both sides " hot" with respect to ground. 
Nevertheless, the high resistance of the VTVM 
more than compensates for these disadvantages, 
especially since in the majority of measurements 
they do not apply. 

Calibration 

When extending the range of a d.c. instrument 
calibration usually is necessary, although resis-
tors for voltmeter multipliers often can be pur-
chased to close-enough tolerances so that tie new 
range will be accurately known. However, in cali-
brating an instrument such as a VTVM a known 
voltage must be available to provide a starting 

point. Fresh dry cells have an open-circuit ter-
minal voltage of approximately 1.6 volts, and 
one or more of them may be connected in series 
to provide several calibration points on the low 
range. Gas regulator tubes in a power supply, 
such as the 0C3, OD3, etc., also provide a stable 
source of voltage whose value is known within a 
few per cent. Once a few such points are deter-
mined the voltmeter ranges may be extended 
readily by adding multipliers or a voltage divider 
as appropriate. 

Shunts for a milliammeter may be adjusted by 
first using the meter alone in series with a source 
of voltage and a resistor selected to limit the cur-
rent to full scale. For example, a 0-1 william-
meter may be connected in series with a dry cell 
and a 2000-ohm variable resistor, the latter being 
adjusted to allow exactly I milliampere to flow. 
Then the shunt is added across the meter and its 
resistance adjusted to reduce the meter reading 
by exactly the scale factor, n. If n is 5, the shunt 
would la: adjusted to make the meter read 0.2 
milliampere, so the full-scale current will be 5 
ma. Using the new scale, the second shunt is 
added to give the next range, the same procedure 
being followed. This can be carried on for several 
ranges, but it is advisable to cheek the meter on 
the highest range against a separate meter used as 
a standard, since the errors in this process tend 
to be cumulative. 

Measurement of Frequency and Wavelength 

• ABSORPTION FREQUENCY METERS 
The simplest possible frequency-measuring 

device is a resonant circuit, tunable over the 
desired frequency range and I 1:1 ving its tuning 
dial calibrated ill terms of frequency. It operates 
by extracting a small anatunt of energy foot' the 
oscillating circuit to be measured, the frequency 
being determined by the tuning setting at which 
the energy absorption is maximum (Fig. 21-10). 

Although such an instrument is not capable of 

Fig. 21-10 ---- Absorption frispn.nc> meter and a ty Meal 
applicatigm. The meter consi-t- - imply of a calibrated 
resonant eircuit 1.1:. hen (4,110.41 10 an antplitier or 
oscillator the tube ,i., te current % ill rise i hen the fre-
quem»y meter i timed to re,onance. A flashlight :amp 
may be connected in at to give a visual indica-
tion, hut it . 11.1Tra.e. the -electivity of the instrument 
and make- it necessary to use rather close coupling to the 
circuit being measured. 

very high accuracy, because the Q of the tuned 
circuit cannot be high enough to avoid uncer-
tainty in the exact setting and because any two 
coupled circuits hiteract to sonic extent and 
change each others tuning, the absorption wave-
meter or frequency meter is nevertheless a highly 
useful instrument. It is compact. inexpensive, and 
requires no power supply. There is no ambiguity 
in its indications, as is frequently the case with 
the heterodyne-type instruments described later. 
When an absorption meter is used for check-

ing a transmitter, the plate current of the tube 
connected to the cireuit Iteing checked can 
provide the neeessa ry resonance indication. 
When the fret pi' IV meter is loosely coupled to 
the tank circuit the plate current will give a 
slight upward flicker as the meter is tuned through 
resonance. The accuracy is greatest when the 
loosest possible muffling is used. 
A receiver oscillator may be checked by tun-

ing in a steady signal and heterodyning it to 
give a beat note as in ordinary c.w. reception. 
When t he frequency meter is coupled to the 
oscillator coil and t uned through resonance t he 
beat note will change. Again, t he coupling 
should be made loose enough so that a just-
perceptible change in beat note is I 111SerVP, I. 

An approximate valibra lion for the wave-
meter. adequate for most purposes, may be ob-
tained by comparison with a calibrated re-
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eeiver. The usued receiver chid calibration is 
sufficient ly accurate. A simple oscillator circuit 
covering t he same range as the frequency me-
ter will be useful in calibration. Set the re-
ceiver to a given frequency, tune the oscillator 
to zero beat at the same frequency, and adjust 
the frequency meter to resonance with the os-
cillator as described above. This gives one 
calibration point. When a sufficient number of 
such points has been obtained a graph may be 
drawn to show frequency vs. dial settings on 
the frequency meter. 

• INDICATING WAVEMETERS 
The plain absorption meter requires fairly 

close coupling to the oscillating circuit to affect 
the plate current of a tube sufficiently to give 
visual indication. The sensitivity of the instru-

JI 

Conned pos. meter 
terminal to play tip 

Fig. 21-11 — Circuit diagram of indicating wavemeter. 
%% ith the meter plug remov ed, it can be used as a com-
pact absorption meter of the ordinary type. 
Ci — 50-551d. variable (Ilammarlund 11F-50). 
C2, C3 — 0.001-dd. disc ceramic. 
Ji — Open-circuit jack. 
MA — D.c. milliammeter, 0-1 or less. 
Pi — 'Phone plug. 

Coil Data, L1 

Freq. Range Turns Wire Diameter Turns/inch Tap' 

1.6- 4.2 Mc. 139 32 enarn. 3.j. in. Close-wound 32 
3.6-10.5 Mc. 40 32 enain. 3.¡ in. Close-wound 12 
7.8-24.0 Mc. 40 24 tinned % in. 32 14 

17 8-52.0 Mc. 15 20 tinned % in. 16 5 
38 -117 Mc. 4 20 tinned sin. 16 1% 
80 -270 Mc. Hairpin of No. 14 wire, % in. spacing, 2 inches long 

including coil form pins. Tapped 1% in. from ground 
end. 

• Turns from ground end. 
Coil forms are Amphenol 24-5H, in. diameter. 

ment can be increased, by adding a rectifier and 
d.c. microammeter or milliammeter, to the point 
where very loose coupling will suffice for a good 
reading. A typical circuit for this purpose is 
given in Fig. 21-11, and Figs. 21-12 and 21-13 
show how such an instrument can be constructed. 
For convenience in use, the tuned circuit is 
mounted in a small metal box that can be held in 
one hand for close coupling to a circuit. The d.c. 
meter can be connected or not as desired, since it 
is separate (it can also be mounted in a small 
box) so the instrument can be used either as a 
plain absorption meter or as an indicating-type 
meter. 
The rectifier is a crystal diode, tapped down on 

the tuned-circuit coil to avoid excessive loading 

Fig. 21-12 — A compact absorption wavemeter pro-
vided with a crystal rectifier and jack for an indicating 
meter. The meter can be mounted in a separate box, if 
desired. The dial is similar to that used on the grid-dip 
meter described later in this chapter. 

of the circuit which would broaden the tuning. 
Tapping down also improves the sensitivity, by 
providing an approximate impedance match be-
tween the tuned circuit and the crystal-circuit 
load. By plugging a headset into the output jack 
('phones having 2000 ohms or greater resistance 
should be used for greatest sensitivity) the wave-
meter can be used as a monitor for modulated 
transmissions. 

It is of course possible to mount the d.c. meter 
in the same unit with the wavemeter proper, but 
this increases the bulk and weight. The separate 
units have the advantage, also, that a long line 
can be used to connect the two, since such a line 
carries only d.c., so the meter can be placed at a 
remote point to pick up r.f. while the indicator is 
placed at the spot where adjustments are being 
made. This is frequently useful in antenna work, 
for example. 
Where connection to an a.c. line is convenient, 

a VTVNI can he used instead of the milliammeter 
or microament•ter, and because of its high resist-
ance will considerably increase the sensitivity and 
selectivity of the wavemeter. 

In addition to the uses mentioned above, a 
meter of this type may be used for final adjust-

Fig. 21-13 — Inside the indicating-type wavemeter. 
The tuning condenser should be mounted as close as 
possible to the coil socket so the leads will be of negligible 
length. The box is 1% X 2% X 4 inches. 
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ment of neutralization in r.f. amplifiers. For this 
purpose it may be loosely coupled to the plate 
tank coil. Alternatively, L1 may be removed and 
the final-amplifier link output terminals con-
nected to the coil socket. The latter method 
tends to ensure that the pick-up is from the final 
tank coil only. 

e LECHER WIRES 
At very-high and ultrahigh frequencies it 

is possible to determine frequency by art ually 
measuring the length of the waves general ed. 
The measurement is made by observing 
standing waves on a t wo-wire parallel t nuts-
mission line or Lecher wires. Such a line shows 
pronounced resonance effects, and it is pos-
sible to determine quite accurately t he current 
loops ( points of maximum current The phys-
ical distance between two consecutive current 
loops is equal to one-half wavelengt h. Thus the 
wavelength can be read directly in meters 
(39.37 inches = 1 meter; 0.3937 inch = 1 cm.), 
or in centimeters for the very-short wave-
lengths. 
The Lecher-wire line should be at least a 

wavelength long — that is, 7 feet or more on 
144 Mc. — and should be entirely air-insu-
lated exeept where it is supported at t he ends. 
It may be made of copper t ubing ni  ' if wires 
stretched tightly. The spacing between wires 
should not exceed about 2 per cent of the short-
est wavelength to be measured. The positions 
of the current loops are found by means of a 
"shorting bar," which is simply a metal strip 
or knife edge which can be slid along the line to 
vary its effective length. 

Making Measurements 

For measuring the frequency of a transmitter, 
a convenient and fairly sensitive indicator can be 
made by soldering the ends of a one-turn loop of 
wire, of about the same diameter as the trans-
mitter tank coil, to a low-current flashlight bulb. 
The loop should be coupled to the tank coil to 
give a moderately bright glow. A coupling loop 
should be connected to the ends of the Lecher 
wires and brought near the tank coil, as shown 
in Fig. 21-15. Then the shorting bar should be 
slid along the wires outward front the trans-
mitter until the lamp gives a sharp dip in bright-
ness. This point should be marked and the short-

ing bar moved out until a second dip is obtained. 
The distance be the two points will be equal 
to half the wavelength. If the measurement is 
made in inches, the frequency will be 

5905 ji — length (inches) 

If the length is measured in meters, 

Fm, 
150  

= length (meters) 

In checking a superregenerative receiver, 
the Lecher wires may be similarly coupled to 
the receiver coil. In 1 his case the resonance 
indication may be obtained by setting the 
receiver just t o the point where t he hiss is ob-
tained, t hen as the bar is slid along the wires 
a spot will be found where t lue receiver gt)es out 
of oscillation. The dist amp bet ween t wo such 
spots is equal to a half-wavelengt h. 

=-1à) 
Bulb 

• X 

•  

21-13 — Coupling a Lecher wire system to a trans-
mitter tank coil. Typical standing-wave distribut' 's 
sloe, n ley the dadied line. The di:tance lect,een the 
1un ittiions let the shorting bar at the current loop- equals 
one-half wavelength. 

The shorting bar must be kept at right angles 
to the t wo wires. A sharp edge on the bar is 
desirable, since it not only helps make good 
contact but also definitely locates the point of 
contact. 
The most accurate readings result when the 

loosest possible coupling is used between the 
line and the tank coil. Careful measurement of the 
exact distance between two current loops also is 
essent ial. 

e HETERODYNE METHODS 
Heterodyne methods of frequency measure-

ment make use of a stable oscillator generating a 
known frequency or variable over a known range 
of frequencies. Measurement consists in compar-
ing the unknown frequency with the known fre-
quency of the oscillator, using an ordinary re-
ceiver for detecting both frequetivii.s. This method 
is more accurate than others, because frequency 

Fig. — one end of a typical 
1.celier wire system. Tlw W ire 
is No. I it hare solid -copper antenna 
wire t a rd-(lram n ). The turn-
buckles are held in place hy a 
fis X 2-inch bolt ti gh the 
anchor block. The other end of 
the line, which is connected to 
the pick-up loop, should he 
insulated. 

• 
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Cs 

+150 - 
He 21. h 1., àf .• -1:11-1,11i1,11111 frelllienCY 

stag dard I ut ,- - ucli a- th • 1,,,k t. w•117, 611. t,, etc., 
are suitable. 

- 50-ggfd. t unable. 
— 150-ggfd. mica. 

C3 — 0.o022-(,l. mica. 
Ci — 0.01-pfd. Paper. 
Ci — 22-upfd. mica. 
— 0.47 megohm, 1,:; watt. 

112 — 1000 ohms. 2 watt. 
113 — 0.1 megolim, 2 W at t. 
ltd — 0.15 megohm, 2 watt. 

differences of less tha.n a cyele van be observed 
by aural (beat-note) methods, and the oscillator 
vim be calibrated to practically any degree of 
precision by comparison with st:indard fretiuen-
vies transmitted from WWV and WWVII. 

Care must be used in het rodyne frequency 
measurement because in most vases harmonics 
are used and the measured frequency can be in 
error by a large factor if the wrong harmonic. is 
picked. Also, a superhett rod -ne receiver will give 
many spurious responses in the presence of a 
strong signal and harmonies, so these must be 
recognized and ignored in making measurements. 
In general, heterodyne methods are most useful 
in measuring frequency to a high degree of ac-
curacy after the frequency is known approxi-
mately from other methods. The absorption 
wavemeter is useful for making the first approxi-
mation and thus eliminating the possible gross 
errors. 

Output 

Frequency Measurement with the Receiver 

An ordinary reveiver has the essential ele-
ments needed for frequency measurement. Its 
dial readings must be calibrated in ternis of 
frequency, of course, before measurements van 
be made. Manufactured receivers are generally 
so calibrated; the accuraey of the calibration 
will vary with the receiver model, but if the 
receiver is well made and bas got ,' t inherent 
stahilit, 3. bandspread dial calibrat ion can he 
relied upon to within perhaps 0.2 per cent. For 
most aceurate MPRSUrinnent, Illaxi mum re-
sponse in the receiver should be determined by 
means of a carrier-operated tuning indicator 
(such as an S-meter), the receiver beat oscil-
lator being turned off. If the receiver has a 
crystal filter, it should be set in a fairly 
"sharp" position to increase the accuracy. 
When checking the frequency of your own 

transmitter, the receiving antenna should be 
disconnected so the signal will not overload or 
"block" the receiver. Also, the r. f. gain should 
be reduced as a further precaution against 
overloading. If the receiver still blocks without 

an antenna the frequency may be checked by 
turning ( di t he power amplifier and tuning in 
the oscillator alone. It is ditlieult to avoid 
blocking under almost any conditions with a 
regenerative receiver, and so this type is not 
very suitabh• for checking the frequeney 
OHO 'S OWII transmitter. 

• THE HETERODYNE FREQUENCY 
METER 

Ti,- heterodyne frequency meter is an osvil-
lator with a precise Irequency valibration. The 
oscillator must be so designed and ronstructed 
that it van be aceurately valibratt•d and will re-
tain its t•alibra t ion over long periods of time. 
The oscillator used in t he fn-quency meter 

must be very stable. :Meehanical considera-
tions are most important in its construction. 
N() mat ter how good the instrument may be 
electrically, its accuracy cannot be depended 
upon if t he mechanival construction is flimsy. 
Frequene.v st:daty can be hnienveti by a voj(fing 
the use of phenolic compounds and thermo-
plastics (bakelite, polystyrene. efe.) in the oscil-
lator circuit. employing only high-grade ceramics 
instead. Plug-in coils ordinarily are not accept-
able; instead. a solidly-built and firmly-mounted 
tuned eireuit should be permanently it 
The oscillator panel and chassis should be as 

as possilde. 
For amateur purposes the most useful type of 

meter is one covering the amateur bands Only. 
The VFOs descrilied iii titi- chapter on trans-
mitters are typical of the cireuits and coltstruc-

Fig. 21-17 — A compact frequency standard and har-
monic amplifier for generating either 100. ,,r 1000-1:c. 
in throughout the spectrum to 150 \ le. It has 
a self-contained power supply using the ir,! t'-1- 
shown in the upper part of the photo. The output con-
trol is at the upper left, and the switch in the foreground 
is the harmonie-amplitier bandswitch. The dotal cry - tal 
is between the bandswitch and output control. The 
toggle switch at the louer left corner of the panel selects 
either 1000- or 1004c. intervals. 



466 CHAPTER 21 

tion since they are designed with the same con-
siderations in mind — to be highly stable 
both electrically and inechanirally. I knee a 
good VF(), if accurately calif irated in frequency, 
is also a good heterodyne frequency meter. 

Calibration must be done by comparing the 
oscillator frequency at various points in its range 
with signals of known frequency. The best method 
is to calibrate from a secondary frequency stand-

ard, described in t he next seetion, at intervals of, 
say, 100 ke. and fill in the calibration curve by 
interpolation. The oscillator usually works over 
the approximate range 1750-2000 kc., harmonics 
being used for the higher amateur bands. If the 
calibration is done on the highest band — 28-32 
Mc. — at intervals of 100 ke. it is equivalent to 
having calibration points at intervals of 100/16 
= 6.25 Ice. on the fundamental-frequency range. 

STANDARD FREQUENCIES AND TIME SIGNALS 

ANNOUNCEMENT 
INTERVALS 
UNSHADED) 

Standard radio and audio frequencies are 
broadcast continuously from WWV, operated 
by the Central Radio Propagation Labora-
tory, National Bureau of Standards, Wash-
ington, D. C. on the following frequencies: 

Freq., . íc. Modulations (c.p.s.) 

2.5 
5 
10 
is 
20 
25 

1, 440 or 600 
1, 440 or 600 
1, 440 or 600 
1, 440 or 600 
1, 440 or 600 
1, 440 or 600 

Similar broadcasts are given from WWVII, 
Puunene, T.11., on the following frequencies: 

Freq., Mc. Modulations (c.p.s.) 

5 
10 

1, 440 or 600 
1, 440 or 600 
1, 440 or 600 

Transmissions are as given in the charts 
above, except that the WWV1I broadcast is 
interrupted for 4 minutes following each hour 
and half hour and for periods of 40 minutes 
beginning at 0700 and 1900 universal time. 

Time Signals 

The 1-e.p.s. modulation is a 5-millisecond 
pulse at intervals of precisely one second, and 
is heard as a tick. Time intervals as trans-
mitted are accurate to within 2 parts in 100 
million 1 microsecond. The tick on the 
59th second is omitted. 

o 

ONE-MINUTE 
ANNOUNCEMENT 

INTERVALS 

3 ee'l 

Accuracy 

Transmitted frequencies are accurate within 
2 parts in 100 million. 

Propagation Notices 

During the announcement intervals at 20 
minutes after and 10 minutes before the hour, 
propagation notices applying to transmission 
paths over the north Atlantic are transmitted 
from WWV on 2.5, 5, 10, 15, 20, and 25 Mc. 
These notices, in telegraphic code, consist of 
the letter N, W, or U followed by a number. 
The letter designations apply to propagation 
conditions as of the time of the broadcast, and 
have the following significance: 

W — Ionospheric disturbance in progress or ex-
pected. 

U — Unstable conditions, but communication 
possible with high power. 

N — No warning. 

The number designations apply to expected 
propagation conditions during the subsequent 
12 hours and have the following significance: 

Digit 

2 
3 
4 
5 
6 
7 
8 
9 

Forecast 

Impossible 
Very Poor 
Poor 
Fair to Poor 
Fair 
Fair to Good 
Good 
Very Good 
Excellent 
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OSCILLATOR 
6AK6 

C2 
XTALS 

100KC 10004C 
OD 0 

C HFC2 
1, Cs 

I 

115 V 
A.G. 

AMPLIFIER 
6AK6 

cs 1N3 4 

m1)4  
CAT H. 

R4 

requirement is that an ama-
teur transmission be inside 
the assigned band and not on 

C7 I 7 I a specific frequency. 
4 21 50 Intervals of 100 ke. are 

sometimes too close for ac-
curate identification of a given 
harmonic, so special crystals 
that operate at both 1000 and 
100 kc, are available. Inter-
vals of 1000 Ice. are suffi-
ciently far apart to avoid 4 3 

confusion, since the average receiver calibration 
is good enough to provide positive identification. 
Once the 1000-ke. harmonics are spotted, it is 

CR easy to count off the 100-ke, intervals from the 
known 1000-ke, points. ems. R9 

GAKG 6AK6 

—c Manufacturers of 100-ke, crystals usually 
T- li - supplynst  al s eirTeuhi  eticnifrocrumitation 

give o n particulariii Fig. (i 
is 

representative, and will generate usable liar-

Pig. 21.18— Circuit diagram of the frequency standard 
and harmonic amplifier. 

— 25-pfd. midget variable (Hammarlund APC 25). 
Co — 3 ppfd. (2 "2 inches of 75-ohin Twin-l.cad). 
Cs, C.1 0.1-pfd. paper, 400 volts. 
(:5 — 250-ppfd. ceramic. 
C5, CT, Co — 0.001-pfd. disc ceramic. 
Cs — 100-ppfd. ceramic. 
Cm, Cit — 20-pfd. electrolytic, 150 volts. 
Hi — 4.7 megolun, I, att. 
112-22,000 011111-. N% at t. 
1t3, 114, R5 — 0.•I7 inegd41111, watt. 
Hs — 470 ohms, !2 watt. 
117 - 5000-ohm potentiometer. 
lis — 47,000 ohms, 1 watt. 
Ho — 1000 ohms, 1 watt. 
— l.nih. r.f. choke ( National H-50). 

1.2 — 4-ph r.f. choke ( Nat. al 11-60). 
1.2— 2-ph r.f. choke ( National 11-6(1). 
1.4 — 0.5 ph. r.f. choke, National 11-33, with 10 

turns removed). 
1.5 — 3 turns No. 16, f4-inch inch long. 
C1t — 65-ma. selenium rectifier. 
Ji — Tip jack. 
II FC1 — 0.5-mh. r.f. rhoke \ ational 11-50). 
HFC2 — 5-mh. r.f. choke r \ a tional 11-100S). 
— S.p.s.t. toggle -, Ii,.11. 

52 —  S.p.s.t. 1,571e . NN itch rtem n 1441 op R7. 
S3— 1-pole 6-ioe-itigM select‘w switch; shorting type 

(( : entralab 2500). 
— Power transb,riner, 15)) volts, 25 ma.: 6.3 volts, 

0.5 amp. I Nlerit P-3046). 
XTAL — 100-1000-kc. dual frequency crystal (Valpey 

• THE SECONDARY FREQUENCY 
STANDARD 

The secondary frequency standard is a highly-
stable oscillator generating a single frequcticy. 
usually 100 ke. It is nearly always crystal-con-
trolled, and inexpensive 100-ke_ un•stals are 
available for the purpose. Since t be harmonies 
are [ milt iples of 100 ke. throughiatt t sin- I- Irmo. 
some of ilium can be compared direct Iv with the 
standard frequenries transmit fed by WWV. 
The edges of most amateur lianiU also are exact 
multiples of 100 ke., so it becomes possible to 
determine the band edges very accurately. This 
is an important consideration in amateur fre-
quency measurement, since the only regulatory 

monies up to 30 Me. or so. The variable con-
denser, C1, provides a means for adjusting the 
frequency to exactly 100 ke. Harmonic output 
is taken from the circuit through a small con-
denser, C5. There are no particular construc-
tional points to be observed in bungling such a 
unit. Power for the tube heater and plate may 
be taken from the supply in the receiver with 
which the unit is to be used. The plate voltage 
is not critical, but it is recommended that it be 
taken from a VR-150 regulator if the receiver 
is equipped with one. 

Sufficient signal strength usually will be 
secured if a wire is run between the output 
terminal connected to C5 and the antenna post 
on the receiver. At the lower frequencies a 
metallic connection may not be necessary. 

Figs. 21-17 through 21-19 show a compact 
standard, complete with power supply, that will 
give usable harmonics from both 100 and 1000 
kc. up through the 144-Mc. band. It uses a dual 
crystal, either fundana.nt al frequency being 
soli.eted by a switch, and the output of the oseil-
lator is fed to a crystal-diode rectifier to increase 
the amplitude of the high-order harmonics. These 
harmonics are then amplified in the second tube, 
a stage having broadly-tuned plate circuits ceitter-
ing in the higher-frequency amateur bands, 
switched in or out as required. A cathode gain 
control is provided in the amplifier circuit for 
regulat ing the output amplitude. The whole unit 
is constructed in a 5 X3 X4 box of the type 
having its own chassis, the small size being used 
so the unit pan be squeezed into limited space on 
the operating table. It can be put on a larger 
chassis and box if desired, since the construction 
is not critiml. Sufficient signal strength in the re-
ceiver should be secured by connecting a short 
piece of wire to the output terminal, but on very 
Iiigh friquencips it may be ill.cessary to connect 
the wire to one antenna post on till. receiver. 

Adjusting to Frequency 

In tither Fig. 21-16 or 21-18 the frequency can 
be adjusted exactly to 100 ke. by making use of 
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the WWV transmissions tabulated in this chap-
ter. Select Ile. WWV frequency that gives a good 
signal at your location at the time of day most 
eonvenient. Tune it in with the receiver It. f.o. off 
and wait for the period during which the 
modulation is absent. Then switch on the 
100-kc. oscillator and adjust its frequency, by 
means of C1, until its harmonic is in zero beat 
with WWV. The exaci setting is easily found 
by observing the slow pulsation in backgrome 
noise as the harmonic contes close to zero beat, 
and adjusting to where the pulsatiim disap-
pears or occurs at a very slow rate. The pulsa-
tions can be observed even more reatlily by 
switching on the receiver's b. f.o., after ap-
proximate zero beat has been secured, and ob-
serving the rise and fall in intensity ( not fre-
quency) of the beat tone. For best results the 
WWN' signal and the signal from the 100-ke. 

ii la t or slutulgl be about the same strength. 
It is advisable not to try to set the 100-kv. 
oscillat or when the WWN' signal is modulated. 
since it is difficult to tell whet her the harmonic 
is being adjusted to zero beat with the carrier 
or with one of the sidebands. 

Frequency Checking 

The secondary stand:it'd prtwides signals of 
known frequency that can be tuned in on the 
station receiver. Determination of the frequency 
of a tratismith r is then carried out by the method 
described earlier under " Frequency Measure-
ment with the Receiver," using these points as 
positive identification of band edges. By using 

Fig. 21-19 — Below-rha-sis view 
of the frequency staiobril. The 
1 N3-1A harmonic generator is at 
the upper left. The variable eon-
denser at the bottom is for adjust-
ment of the oscillator frequency 
to exactly 100 ke. .,1t the upper 
right. ...... toted on the rear lip 
of the chassis, is the selelusunu 
reetifier for the power supply. 
The Iii ter r tenser is just below 
it. Small resistors and condensers 
are g pedar 1 the tube 
sockets. 

• 

the known 100-kr. points the receiver calibration 
can be corrected so that, by interpolation, the 
frequency of a signal lying between the calibra-
tion points can be determined with good al.-

curacy. 

More Precise Methods 

The methods described in this section are quite 
lequate for the primary purpose of amateur 

frequency measurements — that is, determining 
wlwt her or not a transmitter is operating inside 
the limits Of an amateur betel, and the approxi-
mate frequency inside the band. For measure-
ment of an unknown frequency to a high degree 
of tu•euracy nutre advanced methods can be used. 
Accurate signals at closer intervals can be ob-
tained by using a multivibrator in conjunction 
with the 100-kc. standard, and thus obtaining 
signals at intervals of, say, 10 kc. or some other 
integral divisor of 100. Temperature control is 
frequently used on the 100-ke. oscillator to give 
a high order of stability (Collier, " What Price 
Prevision?", QS7', September and October, 
1952). Also, the secondary standard can be used 
in conjunction with a variable-frequency interpo-
lation oscillator to fill in the standard intervals 
(Woodward, " A Linear Beat-Frequency Oscil-
lator for Frequeney Measurement," 0S7', May, 
1951 An interpolation oscillator an( I standard 
ean be combined in one instrument, one applica-
tion of this type having been described in QS7' 
for May, 1949 (Grammer, " The Additive Fre-
(Iuency Meter"). 

Test Oscillators 

For many measurements and tests, it is neces-
sary to have a source of signal at some desired 
frequency or range of frequencies. Although there 
is a wide variety of test oscillators capable of 
generating such signals, for most amateur work 
one or two simple types are quite adequate. A 
variable-frequency oscillator covering as much as 

possible of the r.f. spectrum, calibrated in fre-
quency, has many useful applications. For ' phone 
work, an audio signal source is equally valuable in 
testing and adjustment of speech amplifiers, mod-
ulators and associated audio circuits and equip-
ment. Both types can be built quite easily and at 
low cost. 
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• THE GRID-DIP METER 
The grid-dip meter is a sinll de vacuuni-tulw 

oscillator to which a low-range milliamineter or 
mieroammeter has been added to read tue oscil-
lator grid current. A 0-1 millianuneter is sensitive 
enough in most cases. The grid-dip met (' 1' is so 
vaned because when the oscillator is coupled to a 
tuned circuit, the grid eurrent will show a de-
erease or "dip" when the oscillator is tuned 
I otgli resonone44 with the unknown eirruit. The 
rYason for this is that the external eireuit will 
absorb energy front the oscillator when both 
are tuned to the Sallie freglielley: tile loss Of 
energy fimn the oscillator circuit causes the feed-
back to decrease and this in turn is aerompanied 
by a deerease in grid current. The dip in grid 
current is quite sharp when the eireuit to which 
the oscillator is coupled ION reasonably high Q. 
The grid-dip meter is mi it useful when it cov-

ers a wide frequency range and is compaetly 
constructed Si) that it eon be coupled to circuits 
ill hard-to-reaeh Moves such as in a transmit ter or 
reeviver chassis. It can thus be used to cheek 
t tilling ranges and to find unwanted resonances of 
the type described in the chapter on TVI. Since 
it is its own source of r.f. energy it does not, like 
the absorption wavemeter, require the circuit 
being v114.4.1;4.41 to he energized. In addition to 
resonanee rheeks, the grid-dip meter also can be 
used as a signal s(nirce for receiver alignment and 
similar purposes and, as deseribed later in this 
chapter, is useful in measurement of induct ame 
and capaeitanee ill the range of values used in if, 
circuits. 

Figs. 21-20 to 21-22, inclusive, show a grid-dip 
meter of quite eompart vonstruct ion using plug-in 
coils to cover a eontinuous frequency range of 
1000 ke. to 160 Mc., and thus useful ill all ama-
teur bands up through 1-1-1 Nlo. as well as for 
ehecking for resimanees in the low group of vii, f. 
TV rhannels, the m44st important from the staml-
point of harmonic TVI. It is small awl light, and 
can lie 114.1(1 and tuned with one hand since the 

Fig. 21-20 — A compact and light-weight grid-dip 
meter for one-hand operation. It is but in a I X 
2! 8 X .1-inch "Channel-Ion'. box and uses six plug-in 
roils to rover the range 1600 ke. to 160 Mc. The power 
supply and milliammeter for reading grid current are in 
a separate unit. 

eac4 

cl 

c, 

Cs 

3 -C. 4 

680. 6.31! METER EH' 

['ill. 21-21 — Circuit diagram of the grid-dip meter. 
— 50-ag fil. midget ariable ( Ilammarlund III-50). 

I00-µµhi. ceramic. 
— 0.0111 -ad. ceramic. 

di-, ceramic. 
li:- 22,000 ohm-. N, 

7 

Coil Data, Li 

Freq. Range Turns Wire Diameter Turns/in,!, Tap • 

1.59- 3.5 Me. 139 32 enam. '1‘ in. elosc-wound 32 
3.45- 7.5 Mc, 10 32 roam. 3., in. Close-wound 12 
7.55-17 5 Mc. 40 24 tinned % in. 32 11 
17 2-40 Me, 15 20 tinned % in. 65 
37 -S5 Mr. 4 20 tinned 1,¡ in. IS 
78 - 160 Mc. Hairpin of No. 14 Wire, :1-8 in. spacing, 2 inches long 

including coil form pins. Tapped I h in. from ground 
end. 

• Turns from ground encl. 
Coil forms are linplienol 24-511, 3 in. diameter, 

dial extends slightv over the edges of du. box $o 
it can be operate41 With the thumb. The milliam-
meter is not Yontained in the oscillator itself but 
('all be mounted separately in anY eonvenient 
spot for viewing. Fig. 21-23 shows the milliam-
meter mounted in a standard meter case which 
also eontains the power supply for the oseillat or. 
The cal de connecting the two units can be any 
desired length. 
The osalat or circuit, shown in Fig. 21-21, is a 

grounded-Idate Hartley, with the cathode tap 
adjusted for maximum s.msitivity — that is, 
greatest change in grid current when tuning 
through resonanre with a eoupled cireuit — 
rather than maximum grid current. For satis-
factory operation at the highest frequency, the 
lea Is in the tuned eircuit should be kept as short 
as possible, and the tuning condenser, Cit, is 
mounted so that its rotor and stator terminals are 
practically touching the corresponding pins on 
the coil socket. The tube socket is mounted on a 
bracket made from aluminum and placed at an 
angle so that the tube can be removed. The 
cathode connection between the tube socket and 
the coil sorket is made of flat (.opper strip to re-
duce its inductance as much as possible. 

Coils for the two low-frequency ronges are 
wound on the outsides of the forms in normal 
fashion, but with the exception of the highest 
range the remaining coils are lengths of B & W 
Miniductor mounted inside the forms. A hairpin-
shaped coil is used for the higest range. As the 
coil forms are polystyrene, which softens at rela-
tively low temperatures, care must be used in 
soldering to the pins. It is helpful to drill a metal 
plate, a few inches square and h 6 inch or so thick, 
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so the coil pins will fit snugly; then if the plate is 
pressed firmly against the bottom of the form 
during siilik.ring it will eonduct the heat away 
from the polystyrene raphIly enough to prevent 
softening, it' the soldering operation is not pro-
longed. 
A t ransparent dial cut from a piece of %-inch 

Plexiglas (obtainaltle :tt hobby stores) is used in 
prefi.renre to a solid dial so the calibration can be 
plared on top of the box, where there is more 
room fin. lettering. A hairline indicator is scratched 
on the dial, whirl is also provide il with a stand-
ard small knob, fastened to it by small machine 
screws threaded in from the bottom. 
The power supply shown in Fig. 21-23 uses a 

miniature power transformer with a selenium 
rectifier and a simple filter to give approximately 
120 volts for the oscillator plate. The potentiom-
eter shown in Fig. 21-24 is for adjustment of 
plate voltage. In any grid-dip meter the grid cur-
rent will I different in different parts of the fre-
(pantry range, with fixed plate voltage, so it is 
ordinarily 110MS.SarV to choose a plate voltage 
that will keep the r.eading on sial' in the part of 
the range where the grid current is highest. This 
usually results in rather low griil current at some 
other part of the range. With %-ariable plate volt-
age this compromise is unnecessary. 

mst rumeat may he ralibrated by listening 
to its output with a calibrated receiver. The cali-
bration should be as arcurate : is possible, al-
though " frequenry-meter accuracy" is not re-
quired in the applications for whirl) a grid-dip 
meter is useful. 
The grid-dip meter may be used as all indirat-

ing-type absorption wavemeter by shutting off 
the plate voltage and using the grid and cathode 
or the tulle as it diode. however, this type of rir-

Fig. 21-23— l'ouer sup-
iil and ttailliasnmeter for 
the grid-dip meter are 
void ained melee 
ease. The control on top 
is for % ar:t ing the plate 
% °hag, to maintain the 
grid vorrent iii the prop-
er regio!. 

• 

Fie. 21-22 — 'I'he grid-
dip oscillator is built on 
the L.-shaped portion of 
the box. Ca, C4 and Ca are 
grounded to a soldering 
lug ut the left of the socket. 
Wires in the power and 
meter cable terminate at 
a I- point terminal strip at 
the left. 

• 

cuit is not as sensitive as the erystal-detector type 
shown earlier in this chapter, because of the high-
resistance grid leak in series with the meter. 

In using the grid-dip meter for checking the 
resonant frequency of a eircuit the coupling 
should be kept to t he point where the dip in grid 
current is just perceptible. This reduces inter-
action between the two circuits to a minimum 
and gives the highest accuracy. With too-close 

0--cee 
s. 

II5V. 
A C. 

T1 
CR 

8,FIL 

&RID 

FIL. 

Fig, 21-24— Circuit diagram of the power supply for 
the grid-dip meter. 

CI, C2 — I 6-ufil. electrolytic., 150 volts. 
IIi — 1000 ohms, ! 2 watt. 
— 0.1-megohm potentiometer. 
— Power transformer, 6.3 ol t s and 125 ue 150 soli.. 

(NI erit P-3046 or equivalen(.) 
Cli — 20-ma. scie m reetilier. 
NI A -- 0-1 ¿I.e. milliammeter. 

coupling the oscillator frequency may be " pulled" 
by the circuit being checked, in which case differ-
ent readings will be obtained when resonance is 
approached from the high side as compared with 
approaching from the low side. 

• AUDIO-FREQUENCY OSCILLATORS 
A useful accessory for testing audio-frequency 

amplifiers and modulators is an audio-frequenry 
signal generator or oscillator. Checks for dis-
tortion, gain, and the ordinary troubles that 
occur in such amplifiers do not ri )quire elaborate 
equipment; in most casi 's, a single audio fre-
quency will suffire. The chief reiluirement is that 
t la audio oscillator be al& to generate a reaeson-
al dy good sine wave. 

Figs. 21-25 to 21-27. inclusive, show a simple 
oscillator if a type entirely adequate for 'phone 
I ransmitter testing using the methods described 
in the chapter on amplitude modulation. It gen-
erates a fixed frequency of approximately 400 
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OS CILLATOR 

Fig. 21-25 — Circuit diagram of 
the simple audio oscillator. 

CI, C1 — 0.1 'dd., 6O0. oit paper. 
C2 — 0.04 dd., 600-volt paper 

(Sprague 6T NI -S4). 
C3 — 0.03 /dd., 6,011-s oit paper 

(Sprague 6.1' NI -53). 
lit — 1 megohm, 2 u att. 
112 — 10,000 ohms. I 2 %% att. 
lia — 5000-ohni potent iometer. 
114, 115 — 4700 "Inn-. I 2. watt. 
Ros 117 — 47,000 ohm, watt. 
Ji — 4-prong chassis connector, 

male. 
Ti — Interstage audio transformer 

(Stancor A-4711). 

cycles, and since it is provided with a step at-
tenuator giving maximum outputs of approxi-
mately 1, 0.1, and 0.01 volts r.m.s., as well as 
continuously-variable output control, it can be 
used as a substitute for any type of microphone 
by proper choice of the high, medium, or low 
output. 
The circuit diagram is given in Fig. 21-25. One 

section of a double triode is used as a Colpitts 
oscillator, with C2, C3 and the secondary winding 
of T1 forming the tuned circuit. ( With the trans-
former specified, the entire secondary winding 
is used.) The primary winding of T1 is connected to 
the grid of the second triode section, which is 
used as a cathode follower. Variable output from 
the unit is taken from the arm of a potentiometer, 
R3, connected as the cathode-follower load. The 
high output is taken directly from R3, while the 
two lower outputs are taken from a ladder-type 
divider, R4R6 and R5R7. These points are brought 
out to tip jacks. 

Molded paper condensers should be used at 
C2 and C3; cardboard-cased tubulars have been 
found to be unreliable in this circuit 
The power requirements are quite low — the 

total cathode current of the 6SN7GT is only 7.5 
um and can be taken front any convenient source 
of about 150 volts. The 6SN7GT heater requires 
0.6 amp. at 6.3 volts. 

• 

Fig. 21-26 - A simple and inexpensive audio oscillator 
for use in checking 'phone transmitter operation. It 
generates a good sine wave of fixed frequency and is 
provided with an attenuator so that the output level 
can be set at the proper value for substituting for any 
type of microphone. 

• 

CATHODE FOLLOWER 

GOD 001Go OMED OLOW 
AUD O OUTPUT 

• VARIABLE-FREQUENCY 
AUDIO-I.F. OSCILLATOR 

For measurements requiring a variable-fre-
quency audio source the signal generator shown 
in Figs. 21-28 to 21-31, inclusive, is relatively 
inexpensive and easy to build. It is also useful as 
an intermediate-frequency signal generator for 
aligning receiver i.f. circuits at any frequency up 
to 500 ke. The complete frequency range is 50 
cycles to 500 kilocycles. 
The oscillator consists of a 6AG7 amplifier 

coupled to a 6AG7 cathode follower. Two feed-
back loops are provided: ( 1) a cathode-to-cathode 
regenerative loop consisting of C5 and lamp It; 
(2) a cathode-to-grid degenerat ive loop consisting 
of a bridged-'!' circuit. Oscillation occurs at the 
null frequency of the bridge, where the degenera-
tion is minimum, and is determined principally 
by the values of C6, C7, Cs and Re, t hrottgh R13. 
The oscillator output is fed to the grid of a 6V6 
cathode follower, which serves as an isolation 
stage between oscillator and load. Potentiometer 
Rut in ti it grid circuit IS mls the output voltage. 
Output front the unit is taken across the 6V6 

cathode resistor, R19, through the coupling con-
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denser, Cu. At 100 cycles the value given for Cu 
is suitable for wttrking into bud impedances as 
low as 20,01 0 ohms. For low audio frequencies 
and loads between 500 ohms and 20,000 ohms, 
excessive loss of voltage can be avoided by sub-
stituting a 25-pfd. electrolytic at ra. 

A • I-watt 115-yttlt lamp, h, regulates the feed-
back current and thus tends to keep the output 
voltage constant thotughout the range. Ps rtenti-
°meter 112 provides the means for adjusting the 
oiwrat ing condit ions to give minimum ‘yayeforin 
distort ion. 
The 50-cycle to 500-kilocycle band is covi,red 

in four ranges, as follows: 

Frequency 
50 to 500 kilocycles 
5000 to 50,000 cycles 
500 to 5000 cycles 
50 to 500 cycles 

Each step covers a 10-to-1 frequency range. 
'Flictvramic trimmer, CI, connected between 

the tiA(17 cathodes, has little effect at the lower 
frequeneies, but to maintain the 10-to-1 fre-
quency ratio on the high range this trimmer is 
essent ial. 
The power supply uses a two-section choke 

input filter to insure good filtering. The com-
ponents are confined t:t the extreme rear of the 
chassis and shielded wire is used for the filament 
wiring. 

Construction 

The complete unit is housed in a standard 
8 X 10 X 8-inch steel cabinet. The chassis is 

7 X 9 X 2 inches. 
The power transformer, T1, is submounted at 
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Fig. 21-27 — Bottom vit•w of the 
simple awn,. "seal:nor. Placement of 
parts is init at all critical. In titis 
unit it 551 . icrt•--arV tut parallel 1.011. 
delISCr. t r r form e S2 and ea of the 
values specified in Fig. 21-25, since 
single hunt rd t hr proper capacitance 
were not as adalile at the time. The 
chassis is Fi 7<2 iin•Ites. 

the rear t if the chassis. The cati-t ype elect rolyt Ws, 
C12 and ( ar.e mounted almve the ehitssim while 

ais Isits ell in .11 ,11.. 

TIIV main tuning condenser, ('e, naist be insu-
lated from the chassis. Small porcelain stantl-offs 
or a slab of polystyrene or balelite sheet will be 
Sat isfactory. An insulatet I coupling must be used 
between the (.01141(.11,-er and dial. l'In' frequency-
determining resistors, R6 through Ri:, are 
minuted on the ceramic range switch, Si whir11 
is located tinder the tuning control, l'huse re-
sistors nol-,1 have the designated vus ues or the 
frt town, y range,. ill differ from those given. lte-
sisto, of 10 per eon tolerance are sat iskwittry. 
On the frmu panel there are four contorts awl 

the output terminal. A National type SON dial 
is used for tuning. In the lower corner of the panel 
is a toggle switch, S2. FM" 1111' band-
changing switch is placed under the tuning knob. 
At the lower right is the attenuation control, 
R18. Just above this contort is the output mn-
!lector, Jj. 'Fliese controls fasten the panel to the 
chassis. 

Preliminary Adjustment 

osvilloseopt• should be used for adjusting the 
waveform and for valibrating the linv-frequeney 
ranges. Connect t output of the siscillanir t 
vertical plates of the ' seiipt. and, with the range 
selector in position /1 and the tuning condenser, 
('ti, nearly at maximum, adjust tlw internal hori-
zontal sweep in the 'scope for synchrtmizatism. 

Fig. 21-28 — An RC oscillator covering the unusually 
wide range of 50 cycles to 500 kilocycles, with good 
waveform and practically constant output. 
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should lie adjusted to give a good sine wave. In 
case the 'scope has no internal sweep, an eXICCIIII.1 
su ICCC Of 60 cycles front a filament transformer 

rl be used as the horizontal sweep, tituI the 
tuning ci wilenser of the test oscillator adjusted 
until a single-Imp Lissajous pat tern appears. The 
pattern will resemble either a circle, ellipse, or 
straight line. Adjustment of 112 will affect the 
svmmet ry ui the loop :Om etil its own axes and the 
(iistort ion will be kast when the loop is 'wilfully 
symniet 
To adjust the ranges, set the tuning condenser 

approximately 10 dial divisions from minimum 
capacity with St on range I). Trimmers ( and 

Cs situ add be set ti) full capacity. Conniwt the 
outpui of the oscillator to the vertical plates of 
the 'scope. Feed the audio output of a reeeiver 
tuned to WWV to the horizi,lit al plates. \VWV 
sends either a 410- or 600-cycle tone, so make 
sure that the adjustment is made during the 440-
cycle period. Adjust trimmers ('-; and C8 a little 
at a time, keeping their capacities about equal, 
wit ii a single-loop 1.issajoils figure is seen on thc 

• 

-.tot — In this rear s irm ..r the 
....•Illator the metal tube "11 i Ile left is 
1 II, first cathode folios, er. The tuning 
conilett:er and it: trimmer: are 
mounted on a piece of Itakt•lite to 

t. them from ground and the 
I, Hug lel,er ilrk en through all in-

il colliding. The control shaft 
m.iseform pidentionietcr, 112. 

lffi the cha -- i: Ot t w right 
of the tuning e lenser. 

473 
Fig. 21-29 — Circuit diagram of the 
audio-LC test oscillator. 

CI — 0.002.pfd. mica. 
C2 — 40-51d. 150- volt electrolytic. 
C3 — 1-mfd. 4011-v oit paper. 
C4, (: 7, Cs — 15.gpfel. ceramic trim-

mers (Centralab Type 822-
13N ). 

100-µfil. 150-‘olt electrolytic. 
— 500-pgfd.-per.scci ion dual vari-

able, broadcast receiver type. 
G, Co, Cil — i.1-446i. 4110-voit paper. 
( Ct3 — 40-gfd. 450-voit eleetrol> tic. 
— 100 ohms, 1 watt. 

112 — 2000-ohm wire-wound potenti-
ometer. 

Ha. Hi6 — 68 ohms, 1 watt. 
114, — 518gt ohms, 10 watts. 
lis — 27,000 ohm, 2 mans. 
lin — 15,000 ohms, 2 matt, 10%. 

—0.18 megolum s, ail, 10%. 
Rs 1.8 megolons. ' , m att. 10%. 
— 20.0 ntegolnos. ' u% : Ili. 

RIO 2700 ohm.. I 2 al I. lu, . 
— 39.000 ohm,! 2 matt. 6AG7 6v6 

:2 — 0.33 megolon. ! 2 Witt I. 1 
It 13 3.3 megolams, I 2 watt. 
1114, R — 1.0 megoluti. I Ss .111. 
H i — 0.5-megolun potentiometer. 
His — 2200 ohms, I matt. 
1.1, 1.2 10-hy. 50-ma. chokes. 
1 —.1.-watt 115- volt lamp. 

.11 — Short in11-1. pe microphone jack ( inplienol 73-CL 
\l 

SI — Single...•41 2.pole 4-position ceramic. 
S2 — itch. 
Ti — 300-0-300 s., 30 ma.; 5 v., 2 amp.; 6.3 v., 3 amp, 

screen. This adjustment sets the high end of 
range D and at the same time fixes ranges B and C. 
A simple yet effective method for at t.he 

high end of range A utilizes a receiver calibrated 
over the broadcast band. For preliminary adjust-
ments, t he 500-kr. intervals starting at 1 Me are 
needed. However, the 1O-kt- . points from 600 ke. 
and up will lw useful later on for calibration. 
Broadcast st il it His can be used to spot frequen-
cies on the dial. By interpolation, the 10-ke. 
points can be marked with reasonable arcuracy. 
After calibrating the receiver, the output of the 
oscillator should be connected to the antelo la 
terminals through a shielded cable. Set R18 at 
maximum and the main tuning dial five divisions 
from minimum capacity. With the receiver set at 
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exactly 1000 kc. and the b.f.o. in the "on" posi-
tion, adjust trimmer C4 for zero beat. The oscil-
lator will be on 500 kc. if beats are observed only 
at 1000 kc. and 1500 kc. It may be necessary to 
try a few settings of C4 before the right one is 
found. 

Calibration 

Up to 5000 cycles, covered by ranges C and D, 
the oscilloscope and the WW.i' standard audio 
signal art. used fiw calibrating. Information on 
using Lissajous figures is given later in this chap-
ter. Assuming that 60 cycles from the power line 
and WW\''s •110- and 600-cycle tones are the 
standard signals available, it is feasible to cali-
brate up to 6000 cycles; above this frequency the 
pat terns are too complex for rapid analysis. 
Between 6000 and 10,000 cycles, the most 

feasible method is to obtain the points from a 
regular calibrated audio oscillator. Alternatively, 
a fixed-frequency oscillator (such as tIn. simple 
type deseribed earlier in this section) can be con-
structed in temporary fashion and adjusted to, 

• 

Fig. 21-31 — Bottom view of the andio-i.f. 
test oscillator. The filter chokes are at the 
bottom right. Tlw frequency-determining 
resistors are ,11pported 1):% the ceramic range 
si itch at the top center. 

say, 2000 cycles and used for obtaining points at 
2-kc. intervals between 6 and 10 kc. by the 
Lissajous-figure method. 
To spot points from 10 kc. to 500 kc., the full 

output of the oscillator on range C is fed into the 
calibrated receiver antenna terminals, and the 
tuning control should be adjusted until the signals 
fall at every 10-ke. point through the brgba.least 
band. At this setting the oscillator frequency will 
be 10 kc. Considerable care, and several attempts, 
will undoubtedly be necessary before the correct 
setting is reached. Harmonics are used similarly 
to obtain calibration points through the re-
mainder of the range. 

In using the instrument, a warm-up period of 
about 20 minutes should be allowed for the fre-
quency to stabilize. At the setting of 112 that 
gives good waveform, the output with R18 at 
maximum is approximately 10 volts r.m.s. The 
attenuator gives smooth output control and is 
readily adjustable to outputs in the microvolt 
region even at 500 kc. 

R.F. Measurements 
The measurement of fundamental quantities 

such as .. urrent, voltage and power at radio ire-
queileies, and circuit elements such as inductance 
and capaeitance, can be accomplished with equip-
'Inuit readily available to or easily constructed by 
the amateur. Measurements of this type at r.f. 
are equally as useful in building, testing, and 
operating equipment as their counterparts in d.c. 
circuits. 

• R.F. CURRENT 
B.f. current-measuring devices use a thermo-

couple in eonjuttction with an or, d.c. in-
strument. The t hermocouple is made of two dis-
similar metal, %Odell. when heated, generate a 
small It, voltage. The thermocouple is heated 
by a re,•klanue win. through which the r.f. cur-

rent flows, and since the d.c. voltage developed is 
proportional to the heating, which in turn is pro-
portional to the power used by the heating ele-
ment. t he deflections of the d.c. instrument are 
proportional to power rather than to current. 

,.:tuses the calibrated scale to be conq tressed 
:at t lie ow-current end and spread out at the high-
current end. The useful range of such an instru-
ment is about 3 or 4 to 1; that is, an r.f. ammeter 
having a full-scale reading of 1 ampere can be 
read with satisfactory accuracy down to about 
0.3 ampere. one having a full scale of 5 amperes 
van be read down to about 1.5 amperes, and so 
on. No sntgle instrument i.an be made to handle a 
tu tilt' range of eurrents. Neither eau the r.f. am-
meter be shunted satisfactorily, as can be done 
wit la d.r. instruments. because even a very small 
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11111011111 ot ri..ii.tancv in tla• shunt will i•ause the 
readings to lii• highly dependent on fp,inency. 

e R.F. VOLTAGE 
An r.f. voltmeter is a rectifier-type instrument, 

in which the r.f. is converted to d.c., which is 
then measured with a d.c. milliammeter. The 
best type of rectifier for most applications is a 
crystal diode, such as the 1N34 and similar 
types, because its capacitance is so low as to have 
little effect on the behavior of the r.f. eircuit to 
which it is connected. The principal limitation of 
these rectifiers is their rather low value of safe 
inverse peak voltage. Vacuum-tube diodes are 
eonsiderably better in this respect, hut thoir size, 
shunt capacitance, and the fact that power is re-
quired for heating the cathode constitute serious 
disadvantages in many applications. Typical 
circuits for crystal-diode r.f. voltmeters are 
given in Fig. 21-32. 
One of the principal uses for such voltmeters 

is as nu:I indicators in r.f. bridges, as described 
later in this chapter. Another useful application is 
in measurt ittoitt of the voltage between the con-
ductors of a coaxial line, to show when a trans-
mitter is adjusted for optimum output. In either 
case the voltmeter impedance should be high 
compared with that of the circuit under measure-
ment. to avoid taking approciable power, and the 
relationship between r.f. voltage and the reading 
of the d.c. instruinent should be as linear as possi-

1N34 

&apt 
under 

measurement 

(A) 

(3) 
Fig. 21-32 — R.L voltmeter circuits using a crystal 
rectifier and d.c. microammeter or 0-1 milliammeter. 
The circuit at A is suitable for measuring low voltages — 
up to about 35 volts maximum. B is for measuring the 
voltage between the conductors of a coaxial line. The 
total resistance of R2 and R3 should be of the order of 
7500 ohms, with the ratio of R2 to R3 chosen to apply 
not more than 10 volts to the crystal circuit, based on 
the unmodulated carrier power in the line. In both cir-
cuits, Rt should be not less than 10,000 ohms for a 0-1 
milliammeter, and should be increased in proportion to 
the sensitivity of the meter (e.g., 20,000 ohms for a 0-500 
microammeter, 100,000 ohms for a 0-100 microam-
meter). C1 and C2 should be 0.001 Add. or more. In B, 
ji and ./2 represent coaxial connectors. The voltmeter is 
'preferably built in a shielded box, the 2 X 4 X 4 size 
being large enough to contain the whole instrument. 

hie — that is, the d.c. indirat ii Isaild be 
directly proportional to the if. vi.ige at all 
points of the scale. 

• • 

Fig. 21-33 — R.f. ammeter mounted for connecting into 
a coaxial line for measuring power. A "2-incli" instru-
ment will fit into a 2 X 4 X 4 metal box. 'I'he shunt 
capacitance of an ammeter mounted in this way has a 
negligible effect on the accuracy at frequencies as high 
as 30 Mc. if the instrument has a bakelite case. Metal-
cased meter- - hind(' be n ttttt owe' on a hakelite panel 
which can in turn be mounted in a cut-out which clears 
the meter case by about Y' inch. 

All rectifiers show a variation in resistance 
with applied voltage, the resistance being highest 
when the applied voltage is small. These varia-
tions can he fairly well "swamped out" by using 
a high value of resistance in the d.c. circuit of 
the rectifier. A resistance of at least 10,000 ohms 
is necessary for reasonably good linearity, and 
higher values are beneficial. For this reason a 
fairly sensitive d.c. instrument should be used — 
if possible, a 0-100 microammeter, although a 
0-1 milliammeter will serve quite well in many 
cases. A VTVNI is ideal for the purpose since its 
extremely high input resistance exceeds anything 
that is practical with an ordinary microammeter. 
High resistance in the d.c. circuit also raises the 
impedance of the r.f. voltmeter and reduces its 
power consumption. 
The basic voltmeter circuit is shown in Fig. 

21-32A, and is simply a half-wave rectifier with a 
meter and a resistor, RI, for improving the linear-
ity. The time constant of CiRi should be large 
compared with the period of the lowest radio 
frequency to be measured — a condition that can 
easily be met if R1 is 10,000 ohms and C1 is 0.001 
dd. or more — so C1 will stay charged near the 
peak value of the r.f. voltage. The radio-frequency 
choke may be omitted if there is a low-resistance 
d.c. path through the circuit being measured. C2 
provides additional r.f. filtering for the d.c. 
circuit. 
A practical arrangement for measuring the r.f. 

voltage in a coaxial line from a transmitter is 
shown at B. A voltage divider, R2R3, is con-
nected across the line, the resistance values being 
chosen so the inverse peak voltage rating of the 
rectifier is not exceeded. This rating is in the 
vicinity of 50 volts, which limits the r.m.s. volt-
age that may be applied to the crystal to a maxi-
mum of 35 volts. If the approximate power car-
ried by t he line is known, the voltage can easily 
be calculated if the line is flat. A standing-wave 
ratio of 4 to 1 will cause the voltage to be twice 
the calculated value at a voltage loop, and 100 
per cent modulation also doubles the voltage. 
Since it is unlikely that the s.w.r. will exceed 4 to 
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(A) 

(B) 

Grrd-Dip 
Meter 

Grid- Dip 
Meter 

Unknown 
Inductance 

Standard 
Inductance 

Standard 
Condenser 

Unknown 
Capar tance 

Fig. 21-34— Set -ups for measuring inductance and ca-
pacitance with the grid-dip meter. 

1 in a properly operated coax line, the safety 
lai-for will be adequate if the voltage divider is 
designed on the basis of applying one-fourth the 
rated value of voltage, or 8 to 10 volts, to the 
erystal. The total resistants. in the divider should 
be about 100 times the line helped:wee so the 
power (-mistimed hy the voltmeter will not exceed 
1 iter cent of the power in the line. Composition 
resistors should be used, allowing 1 watt dissipa-
tion iii R2 (whieh usually dissipates practically 
all the voltmeter poweri for each 100 watts in the 
line. Tin- necessary dissipation can be Imilt up by 
using resistors in series. 

In constructing suelt a voltmeter care must be 
used to prevent stray coupling between the line 
and any part of the voltmeter, and also between 
the voltage divider and the crystal reetifier cir-
cuit. Also, the resistor or resistors comprising R2 
should lw kept away from grounded metal in 
onkr to reduee stray vapacitance. 

Calibration 

Calibration is not necessary for purely com-
parative measurements. A ealibratimi in actual 
voltage requires a known resistive Ir rail and an 
r.f. ammeter. The set-up is the same as for r.f. 
power measurement as descrilted later, atal the 
voltage calibration is obtained by ealeulation 
ft-ont the known power and known load resist-
ance, using Ohm's Law — E = VPR. As many 
points as possible should be obtained, by varying 
the power output of the transmitter, so that the 
linearity of the voltnwter ran be eheeked. 

Different voltage ranges may be secured, with 
a fixed voltage divider, by (-hanging the value of 
RI. It is advisable to calibrate on the lowest 
range and then, with a fixed value of power in the 
lint., increase R1 until the desired scale factor is 
obtainetl. 

e R.F. POWER 
Measurement of r.f. power requires a resistive 

load of known value and either an r.f. ammeter or 
a calibrated r.f. voltmeter. The power is then 
either PR or E l, R, where R is the load resistance 
in ohms. 
The simplest method of obtaining a load of 

known resistance is to use an antenna systein 
with coax-coupled matching circuit of the type 
described in the chapter on transmission lines. 
When the rin-uit is adjusted, by means of an 
s.w.r. bridge., to bring the s.w.r. down to 1 to 1 
the load is resistive and of the value for which the 
bridge was designed (52 or 75 ohms). Fig. 21-33 
shows a convenient way of mounting an r.f. am-
meter for measuring current in a coaxial line. 
The instrument can be inserted in the line in 
place of the s.w.r. bridge after the matching has 
been completed, and the transmitter is t hen ad-
justed — without tenwhing the middling circuit 
— for maximum current. The ammeter may be 
left in the line during regular operation if desired, 
but it should be kept in mind that a mismatch 
such as might be caused by an aecident to the 
antenna system may result in damage to the in-
strument since under such conditions it is possible 
for the current to reach several times its normal 
value. 
An r.f. voltmeter of the tyla. described in the 

preceding section also can lie used for power 
measurement in a similar set-up. It has the ad-
vantage that. because its scale is substantially 

r. a murh wider range of powers can be 
measured with a single instrument. 

• INDUCTANCE AND CAPACITANCE 
'The ability to measure the inductance of 

coils and the (1.1pm-dative oi eondensers frequently 
saves time that might otherwise be spent in rut-
and-try. A convenient instrument for titis pur-
pose is the grid-dip oscillator, deseribed earlier in 
this chapter. 

Fig. 21-35— A convenient mounting, using binding. 
putt plates. for L and C standards made front mummy-
cial.y-as aildble parts.. The condenser is a I 00 -wpfd. 
silver mica unit,  41 so the lead length is as nearly 
zero as pc e—ilde. The inductance standard, 5 511.. i, 17 

turns of 3015 It & Vi Miniductor, l-ineh dii  ter. 
16 turns per inch. 

For measuring indu-tance, the coil is con-
nected to a condenser of known capacitance as 
shown at A ht Fig. 21-34. With the unknown roil 
connected to the standard eondenser, the pick-up 
loop is coupled to the coil and the oscillator fre-
quency adjusted for the grid-current dip, using 
the. loosest t.oupling that gives a detectable. indi-
cation. The inductance is then given by the 
formula 

25,330  

C{gp fNI t• 2 
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Fig. 21-36 — Chart for determining unkmmn values of L and C in the range 0.1 to 100 ah. and 2 to 1000 mmfd., 
using standards of 100 add. and 5 ah. 

The reverse procedure is used for measuring 
capacitance — that is a coil of known inductance 
is used as a standard as shown at B. The unknown 
capacitance is 

25,330  

Ceidd. = 

The accuracy of this method depends on the 
accuracy of the grid-dip meter calibration and 
the accurztey with which the standard values of 
L and e are known. Postage-stamp silver-mica 
condensers make satisfactory capacitance stand-
ards, since their rated tolerance is +5 per cent. 
1•;(lually gootl induetance stand:ails cati lw made 
from machine-wound coil material such as the 
B & W iniduetors, using the chart in the data 
chapter to determine the inductance. 
A single pair of standards will serve for measur-

ing the L and C values commonly used in amateur 
equipment. A good choice is 100 µtad. for the 
condenser and 5 ph. for the coil. Based on these 
values the chart of Fig. 21-3(i will give the un-
known directly in terms of the resonant frequency 
registered by the grid-dip meter. In measuring the 
frequency the coupling between the grid-dip 
meter and resonant circuit should be kept at 
the smallest value that will give a definite indi-
cation. 
A correction should be applied to measure-

ments of very small values of L and e to include 
the effects of the shunt capacitance of the mount-
ing for the coil and for the inductance of the 
leads to the condenser. These amount to approxi-
mately 1 pfd. and 0.03 ph., respectively, with 
the method of mounting shown in Fig. 21-35. 

e R.F. RESISTANCE 
Ii from the bridge methods used in trans-
tn-line work, described later, there is relit-

tiv,•1:.. little need for measurement of r.f. resist-
ance in amateur practice. Also, measurement of 
rests I ance by fundamental methods is not pral -
tic:, He with simple equipment. Where suet) 
measurements are made, they are usually Itasetl 
on known characteristics of available resistors 
used as statu lar)  

Most types of resistors have so much inherent 
reactance and skin effect that they do not. act like 
"pure" resistance at radio frequencies, but in-
stead their effective resistance and itapedance 
vary with frequency. This is especially true of 
wire-wound resist ors. Composition (curium) re-
sistors as a rule have negligiltle inductance for 
frequencies up to 100 Mc. or so and the skin 
effect also is small, but the shunt capacitance 
cannot be neglected in the higher values of these 
resistors, sinee it reduces their impedance and 
makes it reactive. However, for most purposes 
the capacitive effects can be considered to he 
negligible in composition resistors of values up to 
1000 ohms, for frequencies up to 50 to 100 Mc., 
and the r.f. resistance of such units is practically 
the same as their d.c. resistance. Hence they can 
lw considered to he practically pure resist ti! in 
such applications as r.f. bridges, etc., provided 
they are mounted ill such a way as to avoid mag-
netic coupling to other circuit components, and 
are not so close to grounded metal parts as to give 
an appreciable inerease in shunt capacitance. 
The half-watt units are best because of their 
smaller size, but the 1-watt units will be equally 
satisfactory in most cases. 



478 CHAPTER 21 

Antenna and Transmission-Line Measurements 

Two prineipal types of measurements an madli e 
on antenna systems: ( 1) the standing-wave ratio 
on the transmission line, as a means he deter-
mining whether or not the antenna is properly 
matched nt the line: ,2 the comparative radia-
tion field strength in the vicinity of the antenna, 
as a means for checking the directivity if a beam 
antenna and as an aid in adjustment of element 
tuning and phasing. Both types of measurements 
can be made with rather simple equipment. 

e FIELD-STRENGTH MEASUREMENTS 
The radiation intensity from an antenna is 

measured with a device that is essentially a very 
simple receiver equipped with an indicator to 
give a visual representation of the comparative 
signal strength. Such a field-strength meter is 
used with a "pick-up antenna," which should al-
ways have the same polarization as the antenna 
being checked — e.g., the pick-up antenna should 
be horizontal if the transmitting antenna is hori-
zontal. Care should be taken to prevent stray 
pick-up by the field-strength meter itself or by 
any transmission line that may connect it to the 
pick-up antenna. 

Fiehl-st rength measurements preferably should 
be made at zt distance of several wavelengths 
from the transmitting antenna being tested. 
Measurements made within a wavelength of the 
alit ti may Ite misleading, because of the pos-
sibility that tlw measuring equipment may be 
responding to the combined induction and radia-
tion fields of the antenna, rather than to the 
radiation field alone. Also, if the pick-up antenna 
has dimensions comparable with those of the 
antenna under test it is likely that the coupling 
between the two antennas will be great enough 
to cause the pick-up antenna to tend to become 
part of the radiating system and thus result in 
misleading field-strength readings. 
A desirable form of pick-up antenna is a dipole 

installed at the same height as the antenna being 
tested, with low-impedance line such as 75-ohm 
Twin-Lead connected at the center to transfer 
the r.f. signal to the field-strength meter. The 
length of the dipole need only be great enough to 
give adequate meter readings. A half-wave dipole 
will give maximum sensitivity, but such length 
will not be needed unless the distance is several 
wavelengths and a relatively insensitive meter 
is used. 

Field-Strength Meters 

The crystal-detector wavemeter described 
earlier in this chapter may he used as a field-
strength meter. It may be (ample(' to the trans-
mission line to the pick-up antenna by means of 
a link of a few turns wound around the wave-
meter tatil. Also, tlw wavemeter proper may be 
connected to the milliammeter through a section 
of lampcord or similar two-conductor cable of 
any convenient length. This permits the milliam-
meter unit to be near the point where adjust-

Fig. 21-38 — Wiring diagram of the sensitive field• 
strength meter. 

C1, Ca, Cg — ceramic. 
13, Ca — 4TO-lapfd. ceramic. 
( — 0.005-51d. ceramic. 
IIi — 1.5 megohms. 
li — 14 Mc.: 8 turns No. 30 d.c.c. 

28 Mc.: 6 turns No. 22 d.c.c. 
1.2 — 14 Mc.: 34 turns No. 30 d.c.c. 

28 Mc.: 24 turns No. 22 d.c.c. 
1.3 — 14 Mc.: 27 turns No. 28 dec. 

28 Mc.: 16 turns No. 20 d.c.c. 
Li wound over ground end of La. L2 and La close. 

wound on National XR-50 shig-tuned coil forms. 
111.1:1 — 750 ph. (National 1133). 
Si — S.p.s.t. toggle. 
MA — 0.5 milliammeter. 

ments are being made, even though the pick-up 
antenna and wavemeter may be several wave-
lengths away. 
The indications with a crystal wavemeter con-

nected as shown in Fig. 21-11 will tend to be 
"square law" — that is, the meter reading will 
be proportional to the square of the r.f. voltage. 
Titis exaggerates the effect of relatively small ad-
justments to the antenna system and gives a 
false impression of the improvement secured. 
The meter reading can be made more linear by 

• 

Fig. 21-37 — A logarithmic field-strength me-
ter of high sensiti,ity. It uses two miniature 
battery-operated tubes and a 0-500 mieroam-
meter, and gives readings that are approxi-
mately proportional to the change in field 
strength in decibels. 

• 
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Fig. 21-39 — The logarithmic f.s. meter i-
constructed on a small aluminum channel. 
A small copper plate between the two coil 
is used for reducing the interstage coupling 
to the point where the r.f. amplifier is non-
regenerative. 

connecting a fairly large resistance in series with 
the milliammeter (or microammeter). About 
10,000 ohms is required for good linearity. This 
considerably reduces the sensitivity of the meter, 
but the lower sensitivity can be compensated for 
by making the pick-up antenna sufficiently large. 

A Sensitive Logarithmic F. S. Meter 

For indicating the effect of antenna adjust-
ments at a distant station, a logarithmic type of 
indicator is desirable in the field-strength meter 
since the meter readings with such an inst rument 
are directly proportional to decibels. Figs. 21-37 
to 21-39, inclusive, show a meter of this type. 
It makes use of the fact that the rectified d.c. 
output of a detector following a.v.c.-controlled 
r.f. stages tends to be logarithmic with respect 
to the r.f, voltage applied to the receiver. 
As shown in Fig. 21-38, the circuit includes 

an r.f. amplifier, a detector, and a d.c. amplifier, 
using miniature battery tubes. The rectified r.f. 
voltage developed across R1 in the diode circuit 
of the 1U5 is applied through the ground connec-
tion to the grid of the 1T4 r.f, amplifier and thus 
controls its gain. The 11/2-volt " A" battery 
not connected to ground but is allowed to " float, 
permitting the a.v.c. voltage to be effective on 
the grids. 

In the unit shown in the photographs, slug-
tuned coils are used because of their small size 
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Fig. 21-40— Typical calibration curve of the logarith-
mic field-strength meter. The curve is sufficiently loga-
rithmic, for practical purposes, between about 0.05 and 
0.45 ma. The way in which the readings vary with 
applied signal, and not the absolute value of the signal, 
is the important point, and since this will not change 
significantly so long as the same circuit is used, the 
curve above may be used with any similar instrument. 

and because they eliminate the need for variable 
tuning condensers. However, ordinary condenser-
tuned circuits can be substituted; the only re-
quirement is that the circuits must be tunable to 
the frequency at which the antenna is being ad-
justed. The only critical point about the con-
struction of such a meter is to lay out the tuned 
circuits so that the r.f. amplifier is stable; other-
wise, any convenient layout may be used. 
With the values shown in Fig. 21-38 the no-

signal plate current should be very close to 0.5 
milliampere. A less-sensitive d.c. instrument will 
require more " B" voltage. Whatever the type 
of meter, the current may be brought to exactly 
full scale, with no signal input, by shunting it 
with a variable resistor of suitable range, de-
pending on the internal resistance. 

Fig. 21-40 is a typical calibration curve. The 
readings are approximately logarithmic over 
about 70 per cent of the scale, with a range of 
about 20 db. Used with a folded-dipole pick-up 
antenna, the instrument is sensitive enough for 
use a few thousand feet away from a beam an-
tenna fed with a few hundred watts. 

• CHECKING STANDING WAVES 
Standing waves on a transmission line can 

be measured if it is possible to measure the 
current at every point along the line, or the 
voltage between the two conductors at every 
point along the line. Rough checks on parallel-
conductor lines can be made by going along 
the line with an absorption wavemeter having 
a crystal rectifier, taking care to keep the 
pick-up coil (or pick-up antenna) at the same 
distance from the line at every measurement. 
With such a device the maximum milliammeter 
reading usually will indicate current loops if a 
small pick-up coil is used, and voltage loops if a 
short pick-up antenna is used. 
An alternative indicator, also useful with 

parallel-conductor lines, is a neon lamp. With 
moderate amounts of transmitter power, a low-
wattage lamp will glow when the glass bulb 
is brought into contact with one line wire. 
As the lamp is moved along the line, a change 
in brightness indicates standing waves. If the 
glow is substantially the same all along the 
line the s.w.r. can be considered to be low 
enough for practical purposes. 

Standing-Wave Ratio Indicators 

Simple indicators such as those just men-
tioned are useful for checking the presence of 
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for V=0 

R2 

Fig. 21-41 This fundamental bridge circuit is the 
basis for one t, pe of device for measuring standing-wave 
ratio. 

standing waves along a transmission line but 
are not adequate for actual mtqlsorement Of 
the standing-wave ratio. Also, it is frequently 
ineonvenient, and sometimes impossible, to 
move a current or voltage indivator along a 
transmission line for the distance required in 
checking st a ndi 11g wa ves. 
An alternative met 1101 uses a bridge cir-

cuit to measure tlw standing-wave ratio. Fig. 
21-41 will serve to illustrate the basic prin-
ciples. Re and R.  are fixed resistors having 
kutnyn values, and Its is a calibrated variable 
resistor. The unknown resistance to be meas-
ured, RL, is connected in series with Rs to form 
a voltage divider across the source of voltage, 
E. The resistance of the voltmeter, l', should 
be very much larger than any of the four re-
sistanee " arms" of the bridge for maximum 
accuracy. From () un's Law it is apparent that 
wIwn RI /12 equals Rsilh the voltage drops 
across RI and Rs are equal (this is also true of 
the voltage drops across /12 and /11,) and there 
is no differenve of potential Iwtween points C 
and l). Hence the voltmeter reading is zero 
("null and the bridge is said to be " balanced." 
Under any other conditions the potentials at 
C and I) are not the same and the voltmeter 
reads the differetwe of potential. 
The basis for s.w.r. measurements with a 

bridge is the fact that the input impedance of 
a properly-terminated transmission line is a 
1)1111 resistance equal to the line's charaeter-
ist iv impedance. If a matched line is connected as 
the unknown arm of an appropriate bridge 
circuit the bridge can be balaneed in the usual 
way awl the indieating instrument will show a 

1lowever, if the line is not properly ter-
initiated the voltage reflected back from the far 
end of the line will appear at the terminals of the 
bridge and will register on the voltmeter. The 
relationship between voltmeter reading ( in per-
centage of full scale) and standing-wave ratio is 
shown in Fig. 21-42. This curve applies imly 
when the vI)Itnieter impedance is extremely 
'ugh — 20 ennes or more rompared with the 
impedance for whieh the bridge is designed. 

While other bridge circuits ran be used for 
s.w.r. measurement, the resistance britlge is 

about the simplust and ua,qest I 11111. h himis 
itself well to cunstruction for cu. xial lines and 
when so designed can be used for measurement 
of open-wire lines as shown later in titis chapter. 

Bridge Construction 

The voltmeter used in s.w.r. bridge circuits 
employs a crystal dit tt le and is subject to the con-
siderations described earlier in this chapter. In 
most eases, the bridge is used chiefly in the ad-
justment of an antenna matching system or in 
the adjustment of a coax-coupled matching net-
work of the type described in the chapter on 
transmission lines. The object in such cases is to 
get the best possible match, as indicated by a 
null reading on the voltmeter, and not particu-
larly to make accurate s.w.r. measurements. For 
this purpose the voltmeter requirements are not 
rigorous because it takes no current when the 
bridge is balaneed, and a 0-1 milliammeter with a 
few thousand ohms resistance in series will serve 
very well. The circuit of Fig. 21-43 and the con-
struction of Fig. 21-44 are quite satisfactory for a 
bridge intended primarily for impedance match-
ing. 
A principal point in the construction of an 

SAVA'. bridge is to avoid stray coupling between 
the resistors forming the bridge arms and be-
tween the arms and the voltmeter circuit. This 
can be done by keeping the resistance arms sepa-
rated and at right angles to each other, and by 
playing the crystal and its connecting leads so 
that the loop so formed is not in inductive mia-
tionship with any loops formed by the bridge 
arms. Shielding between the bridge arms and the 
crystal circuit is helpful in reducing such cou-
plings, although it is not always necessary. The 
two resistors forming the " ratio arms," lit and 

02 04 06 
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Fig. 21-12 — Standing-wave ratio in terms of meter 
reading ( relative to full scale) after setting outgoing 
voltage to full scale. mis graph is a plot of the for aaaaa la 

o+ 

Vo Jr 

where Fo and Fr are the outg • • and reflected compo-
nents, respectively, of the voltage on the transmission 
line. 
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Fig. 21-13 — A simple ',ridge circuit useful for imped-
atm.-matching in coaxial lines. 
C1, C2— 0.005-pfd. disk ceramic. 
Rt. 112 — c posi(ion, watt. 
Ila — 50- or 75-ohett sleibending on line impedance) 

composition. •, tt. 
114 - 1000-ohnt coin po.i ion, 12 watt. 
.11, .12 — CoaXiiil corind•cl,er. 
The meter may be al' I Il ill ii inflicter or d.c. voltmeter 

of any type having a - cn-itis ily of 1000 ohms per volt 
or greater, and a full-se.rle range of 5 to 10 volts. Nega-
tive side of meter ',tweets to ground. 

112, should have identical relationships with 
metal parts, to keep the shunt capavitances 
equal, and also should have the same km I lengths 
so the inductances will balance. Leads si ,tild be 
kept as short as possible. 

S.W.R. Measurement with a Bridge 

For reasonably accurate meastipillunt of s.w.r. 
the bridge must not only be well eonstrueted, 
along the lines deseribed above, but must have a 
voltmeter of very high impedance compared 
with the line impedance and must have provision 
for measuring the voltage applied to the bridge 
as well as the voltage developed between the 
arms. This is so t lie applied voltage call be kept 
constant (by regulating the transmitter output) 
both with and without the traiismission line con-
nected to the load terminals. If the input voltage 
is not main t ; tined tit a constant value the readings 
are unreliable. The same d.c. instrument can be 
used for both voltage measurements, but separate 
crystal rectifiers must be provided. Fig. 21-15 is 
the circuit of a bridge so equipped. Sinn.. the 
"input " voltmeter is simply used as a refetenve, 
its linearity is not important, nor does its remlitig 

• 

Fig. 21-1 --• An in.•\pciNive bridge for matching ad-
justments using the rin•lait of Fig. 21.13. It is ! milt in a 

tt X 2! s X -i-ing•II "I box. 1.111....tandard 
resistor, R3, Itritlars t tic inn coax 1.0111114.401,. pill 

jack is pros ided for connection to the il.,'. meter: the 
meter negative eau he conneeted to the case or a coax 
fitting. 

• 
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have to bear any definite relationship to that of 
the " bridge" voltmeter, except that its range 
has to be at least twice that of the latter. 
The resistance in the bridge voltmeter circuit 

should be of the order of 100 times the line im-
pedanre to avoid voltmeter errors; that is. 114 
plus the volt meter resistame should he at least 
50,000 ohms. This generally requires a sensitive 
d.c. instrument such as a 0-100 microammeter, a 
20,000-ohms-per volt voltmeter, or, better, a 
VTVN1. 

Testing and Calibration 

In a bridge intended for s.w.r, measurement 
rather than simple matehing, the first check is 
to apply just enough r.f. voltage so that the bridge 
voltmeter reads full scale with the load terminals 
open. \ Leasure the input voltage, then short-
cirettit the load terminals anti readjust the input 
to t he same voltage. The bridge voltmeter should 
again register full Seale. If it floes not, the ratio 
arms, Ri probably are not exactly equal. 
These two resistors should be carefully matched, 
although their actual value is not critical. This 
test slanild be made at the highest frequency to 
be used. a similar test at a low frequency 
shows better balance, t he probable cause is stray 
iinluctanee or capavitanee in one arm not bal-
anced by equal strays in the other. 

After the " short" and " open" readings have 
been eu ualized. the bridge should be cheeked for 
mill balance with a " dummy" resistor equal to 
the line impeilanee cotmeeted to the load termi-
nals. It is r( mvenient to mount a half- or 1-watt 
resistor of t he pniper value in a coax connector, 
keeping it centered in the connector and using 
the minimum lead length. The bridge voltmeter 
should read zero at all frequeneies. A remling 
above zero that remains constant at all fre-
queneies it ii that the " dummy" resistor is 
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Fig. 21-15 — Bridge circuit for s.w.r. measurements. 
This circuit is intended for use with a dc. voltmeter, 
range 5 to 10 volts, having a resistance of 10,000 ohms 
per volt or greater. 

• C2. C3* C4 — 0.005-pfd. disk ceramic. 
• R2 — -17-ohin composition. !..,¡ or 1 watt. 
113 — 50- or 75-ohm (depending on line impedance) 

composition, ! or 1 watt. 
11.1, Rs — 10,000 ohms, I watt. 
Ji, j2 — Coaxial connectors. 
Meter connects to either "input" or "bridge" position 

as required. 

not matched to /?3, while readings that vary with 
frequency indicate st ray reactive effects or stray 
coupling between parts of the bridge. 
When the operation is satisfactory on the two 

points just describ e(I, the null should be ehecked 
with the dummy resist n. connected to the bridge 
through several different lengths of transmission 
line, to ensure that R3 actually matches the line 
impedance. If the null is not complete in this test 
both the dummy resistor and R3 will have to be 
adjusted until a good match is obtained. With 
care, composit ion resistors can be filed down to 
raise the resistance, so it is best to start with re-

Fig. 21-16 — Top and bottom views of s.w.r. bridge 
g the circuit of Fig. 2145. The 1111x is constructed 

Ir' ' lui flashing copper and tnea,tire, 3 inclues long, 1,4' 
deer. and wide, the width being selected to be just 
great e gh to permit connecting a I-watt standard 
resistor, R3, to the coax fittings with substantially no 

sistors somewhat low in value. With each change 
in R3, adjust the dummy resistor to give a good 
null when connected directly to the bridge, then 
try it at the end of several different lengths of 
line, continuing until the null is satisfactory under 
all conditions of line length and frequency. A dis-
crepancy of a few per cent of the full-scale reading 
is tolerable. 
With a high-impedance voltmeter, the s.w.r. 

readings will closely approximate the theoretical 
curve of Fig. 21-42. The calibration can be 
checked by using composition resistors as loads. 
Adjust the transmit ter coupling so that the bridge 
voltmeter reads full scale with the output termi-
nals open, and then (leek the input voltage. 
Connect various values of resistance across the 
output terminals, making sure that the input 
voltage is readjusted to be the same in each case, 
and note the reading with t he meter in the bridge 
position. The s.w.r. is given by 

Ro 
or — 

Ro 
where Ro is the line impedance for which the 
bridge has been adjusted to null, and Ri. is 
the resistance used as a load. Use the formula 
that places the larger of the two resistances in 
the numerator. If the readings do not correspond 
exactly for the same s.w.r. when appropriate 
resistors above and bul.w t he lira. impedance for 
which the bridge is designed are used, the current 
taken by the voltmeter is affecting the measure-
ments. 

Using a 0-1(X) mirroammeter, a 20,000-ohms-
per-volt voltmeter on a 5-volt or higher range, or 
a VT voltmeter, the difference bet ween tip " and 
"down" s.w.r. measurements should be negligi-
ble, provided the load resistors used for this test 
can be measured (at d.e.) with sufficient accuracy. 
Values over 1000 ohms or so should not be used 
at the higher frequencies. 

lead length. -1, small piece of eopper shields the bridge 
arm- fr  the crstal rectifiers. Ri and ils are s un-
metrieally placed s, ith ru -I cet to R3 and are at right 
angle- io it to redo., - tris colliding. The po.jii‘,• 
of d.e_ meter connect- to the feed-through 
and the negati‘e to, the screw below them. 
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Using the Bridge 

The procedure is the same whet her the bridge 
is used for matching or for s.w.r. ne•asurement. 
Apply power wit h the load terminals eit her open 
or shiurted, and te ljtist t he input tint il he bridge 
voltmeter reads full scale. Because the bridge 
operates a very low power level it may be neces-
sary to could: it to a low-power driver stage 
rather than to the fittal aintilitier. Alternatively, 
the plate voltage and excitation for the final 
amplifier may be minced to the point where the 
power output is of the order of a few wat t s. Then 
connect the load and obst•rve the voltmeter rearl-
ing. For matching, al lj liSt the Intitehing network 
until the best possible null is ol it ained. For s.w.r. 
measurement, note the input voltage after ad-
justing for full-scale with the load terminals open 
or shorted, then connect the load and readjust the 
transmitter for the same input voltage. The 
bridge voltmeter then indicates the standing-
wave ratio. 

Parallel-Conductor Lines 

I3ridge measurements made direetly on paral-
lel-Cluiductor lines are frequently subject to 
considerable error because of " antenna" eurrents 
flowing on sueli lines. These currents, whivit are 
either induced on the line by the field arounil the 
antenna or cotwled into the line from the trans-
mitter by stray capacitative, are in the same 
phase in both line ‘vires awl hence do not 1)alance 
out like the true t ranniision-line currents. They 
will nevertheless actuate the bridge voltmeter-, 
causing an indication that has no relationship to 
the standing-wave ratio. 

To Coax  
Source 
of its 

Bndee 

Fig. 21-47 — Circuit for using coaxial s.w.r. bridge for 
measurements 1111 11,11%1111 .1.11111111111.tOr huts. attics of 
circuit e ponents arc identieal with those used for the 
similar "antenna-coupler- circuit discussed in th:, chap-
ter on traasioi-sion 

The effeel of "antenna" currents on s.w.r. 
measurements can be largely overcome by using 
a coaxial bridge and coupling it to the parallel-
conduct or lira! through a properly-designed 
impedanee-mat cling circuit. A suitable circuit 
is given in Fig. 21-47. It closely resembles the 
common type of " antenna coupler," and in fact 
such a coupler can be used for the purpose. In 
the balanced tank circuit the " antenna" or 
parallel components on the line tend to balance 
out and so are not passed on to the s.w.r. bridge. 
It is essential float L1 be coupled to a "cold" 
point on L2 to minimize capacitive coupling, and 
also desirable that the vetoer of L2 be grounded 
to the chassis on which the circuit is mounted. 

Values should be such that L2C2 can be tuned 
to the operating frequency and that Li provides 
sufficient coupling, as described in the trans-
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Fig. 21-48 — The "twin-lamp" standing-wave indicator 
mounted on 300-ohm Twin-Lead. Scotch tape is used 
for fastening. 

mission-line chapter. The measurement procedure 
is as 1.,,11,i‘s: 
C,nnect a noninductive or 1-watt carbon) 

resisP ,r, having the same value as the charac-
terist ic impedance ni the parallel-conductor line, 
to the " line" terminals. Ain tiv r. f. to the bridge, 
adjust the taps on L2 I keeping them equidistant 
from the cutitl-r,, while varying t he capacitance of 
CI and C2, until the bridge shows a null. After the 
null is obtained, do not tour!' any of the circuit 
adjustments. Next, short-circuit the " line" ter-
minals and auljust the r. f. input until the bridge 
voltmeter marls full scale. Remove the short-
circuit and test resistor, and conneet the regular 
transmission line. The I ridge W ill then indicate 
the standing-wave ratio on the line. 
The circuit requires rematching, with the test 

resistor, whenever the frequency is changed 
appreciably. It can, however, be used over a 
portion of an amateur band without readjust-
ment, with negligible error. 

The " Twin-Lamp" 

A sinople arid inexpensive standing-wave 
indicator for 300-ohm line is shown in Fig. 
21-48. It consists only of two flashlight lamps 
and a short piece of 300-ohm n line. When laid 
fiat against the line to be checked, the combi-
nation of inductive and capacitive coupling is 
such that outgoing power on the line causes the 
lamp nearest to the transmitter to light, while 
reflected power lights the lamp nearest the load. 
The power input to the line should be adjusted 
to make the lamp nearest the transmitter light 
to full brilliance. If the line is properly matched 
and the reflected power is very low, the lamp 
toward the antenna will be dark. If the s.w.r. is 
high, the two lamps will glow with practically 
equal brilliance. 
The length of the piece of 300-ohm line needed 

in the twin-lamp will depend on the transmitter 
power and the operating frequency. A few inches 
will suffice with high power at high frequencies, 
while a foot or two may be needed with low 
power and at low frequencies. 
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In construeting the t win-lanip, cut line wire in 
the exact center of the piece and peel the ends 
back on either side just far enough to provide 
leads to the flashlight lamps. Remove about f‘ 

Line 
Trans. 
Line 

Fig. 21-49 — king diagram of t he t win-lamp" 
standing-mas e indicator. 

inch of insulation from one wire of the main 
transmissii ii liii at some convenient point. Use 
the lo west-current flashlight bulbs or dial lamps 
available. Stifle,. the tips tif the bulbs together 
and connect them to the haw point in t he trans-
mission line, flu- it solder the cods of the cut por-
tion of the short piece to the shells of the bulbs. 
Figs. 21-48 and 21-49 should make the construc-
tion clear. 

Installing the twin-lamp on a line introduces 
a discontinuity in the lint impedance which 
causes the s.w.r. front the twin-lamp back to the 
transmitter to differ from the s.w.r. existing 
between the antenna and twin-lamp. For this 
reason it is desirable to remove it after s.w.r. 
checks have been made. It is tmnvenient to mount 
the twin-lamp on a short length of lita  fitted to 
a 300-ohm plug at one end and a mating socket 
at the other. If similar plugs and sockets art used 
on the transmitter and regular transmission line, 
the whole test unit can be inserted and taken 
out at will. 
The twin-lamp will respond to " antenna" cur-

rents on the transmission lint in much the same 
way as the briclge circuits discussed earlier. There 
is therefore always a possibilit y of error in its in-
dications, unless it has been determined by other 
means that -antenna" currents are inconsequen-
tial compared with the true transmissii iii-li mie 
current. 

The Oscilloscope 

The cathode-ray oscilloscope gives a visual 
representation of signals at both audio and radio 
frequencies and can thereiiire be used for many 
types of measurements t liat not possible with 
instruments of the types discussed earlier in this 
chapter. In antateur work, one of the principal 
uses of the 'scope is for displaying an amplit ut e-
modulated signal so a 'phone transmitter can lie 
adjusted for i" llar modulation and continu-
ously monitored to keep the modulation percent-
age within proper limits. For this purpose a very 
simple circuit will suffice. and an oscilloscope de-
signed expressly for this purpose is described in 
this section. 
The versatility of the 'scope can be greatly in-

creased by adding amplifiers and linear deflect Mil 
circuits, but the design and adjustment of such 
circuits tends to be complicated if optimum per-
formance is to be secured, atol is somewhat out-
side the field of this chapter. Special components 
are generally required. Oscilloscope kits for home 
assembly are vailable from a number of suppliers. 
and since their cost compares very favorably 
with that of a home-built instrument of com-
parable design, t lo .y are recommended for serious 
consideration by those who have need for or are 

Heater Cathode 

interested in the wide range of measurements 
that is possilile with a fully-tiuippeul scope. 

• CATHODE-RAY TUBES 
The heart of the oscilloscope is the cathode-

ray tube, a vacuum tube in which the elect roils 
emitted from a hot cathode are first accelerat ed 
to give them considerable velocity, then form ei 
into a beam, and finally allowed to strike a 
special translucent screen which fluoresces, nu 
gives off light at the point where the beam 
strikes. A narrow beam of moving electrons is 
analogous to a wire carrying current, and can 
be moved laterally, or deflected, by electric or 
magnetic fields. 

Since the cathode-ray beam consists only of 
moving electrons, its weight and inertia are 
negligibly small. For this reason, it can ht made 
to follow instantly the variations in periodically-
changing fields at both audio and radio fre-
quencies. 
The electrode arrangement that forms the 

electrons into a beam is called the electron gun. 
In the simple tube structure shown in Fig. 
21-50, the gun consists of the cathode, grid, 

Vertical 
High-voltagez) anode delectin9 
(Anode No. plates 

Control electrode Focusing Horizontal 
(Grid Nat)  electrode detlectseg 

(Anode No.9 plates 

Fig. 21-50 — Ty Meal construction for a cathode-ray tube of the electrostatic-deflection type 

Electron beans)  

Fluorescent screen 

Glass -fi 
envelope 
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and anodes Nos. 1 and 2. The intensity of the 
electron beam is regulated by the grid in the 
saint way as in an ordinary tube. Anode No. 1 
is operated at a po›it ive potential with respect 
to the cathode, t hus accelerating the electrons 
that pass through the grid, and is provided 
with small apertures through which the elec-
tron stream passes. On emerging from the 
apertures the electrons are traveling in practi-
cally parallel straight-line paths. The electro-
static fields set up by the potentials on anode 
No. 1 and anode No. 2 form an electron lens 
system which makes the electron paths con-
verge or focus to a point at the fluoresce it screen. 
'I'he potential on anode No. 2 is usually fixed, 
while that on anode No. 1 is varied to bi.ing the 
beam into focus. Anode No. 1 is, therefore, called 
tile focusing electrode. 

S a rpest focus is obtained when the elec-
trons of the beam have high velocity, so that 
relatively high d.c. potentials are common with 
cathode-ray tubes. I fowever, the current re-
quired is small, so that the power consumption 
is negligible. A second grid may be placed be-
tween the control grid and anode No. 1, for 
additional acceleration of the electrons. 

Y 
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E 
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tu Fig. 21-51 — 
volt age waveshape 
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pe screen, 
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Methods of Deflection 

When focused, the beam from the gun pro-
duces only a small spot on the screen, as de-
scribed above. However, if after leaving the 
gun the beam is deflected by either magnetic 
or electric fields, the spot will move across 
the screen in accordance with the force exerted 
on the beam. If the motion is rapid, the path 
of the spot (trace) appears as a continuous line. 

Electrostatic deflection, the type generally 
used in the smaller tubes, is produced by de-
flecting plates. Two sets of plates are placed at 
right angles to each other, as indicated in Fig. 
21-50. The fields are created by applying suit-

able voltages between the two plates of each 
pair. Usually one plate of each pair is connected 
to anode No. 2, to establish the polarities of 
the vertical and horizontal fields with respect 
to the beam and to each other. 

Formation of Patterns 

When periodically- varying voltages are ap-
plied to the two sets ti deflecting plates, the 
path traced by the fluorescent spot forms a 
pattern that is stationary so long as the ampli-
tude and phase relationships of the voltages 
remain unchanged. Fig. 21-51 shows how such 
patterns are formed. The horizontal sweep 
voltage is assumed to have the "sawtooth" 
waveshape indicated. With no voltage applied 
to the vertical plates the trace simply sweeps 
from left to right across the screen along the 
horizontal axis X-X' until the instant H is 
reached, when it reverses direction and returns 
to the starting point. The sine-wave voltage 
applied to the vertical plates similarly would 
trace a line along the axis Y- Y' in the absence 
of any deflecting voltage on the horizontal 
plates. However, when both voltages are pres-
ent the position of the spot at any instant 
depends upon the voltages on both sets of 
plates at that instant. Thus at time B the 
horizontal voltage has moved the spot a short 
distance to the right and the vertical voltage 
has similarly moved it upward, so that it 
reaches the actual position //' on the screen. 
The result ing trace is easily followed from the 
other indicated positions, which are taken at 
equal time intervals. 

Types of Sweeps 

A sawtooth sweep-voltage waveshape, such 
as is shown in Fig. 21-51, is called a linear 
sweep, because the deflection in the horizontal 
direction is directly proportional to time. lf 
the sweep were perfect the fly-back time, or 
time taken for the spot to return from the end 
( to the beginning (/ or Al of the horizontal 
trace, would be zero, so that the line III would 
be perpendicular to the axis Y-Y'. Although 
the fly-back time cannot be made zero in prac-
ticable sweep-voltage generators it can be 
made quite small in comparison to the time of 
the desired trace All, at least at most frequen-
cies within the audio range. The fly-back time 
is somewhat exaggerated in Fig. 21-51, to show 
its effect on the pattern. The line H'I' is called 
the return trace; with a linear sweep it is less 
brilliant than the pattern, because the spot is 
moving much more rapidly during the fly-back 
time than during the time of the main trace. If 
the fly-back time is short enough, the return 
trace will be invisible. 
The linear sweep has the advantage that it 

shows the shape of the wave in the same way 
that it is usually represented graphically. If the 
time of one cycle of the a.c. voltage applied to 
the vertical plates is a fraction of the time 
taken to sweep horizontally across the screen, 
several cycles of the vertical or " signal" volt-
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age Will -appear 'in t ht. , plifiern. The shape of 
only the last dyelé • ¡or the last few cycles, de-
'pending upon f he number in t he pattern and 
t he- characteristics of the swe('p) to appear will 
;be affected by the fly-back in such a case. 

The shape of the pattern obtained, with a 
given signal waveshape on the vertical plates, 
obviously will deliemi upon the shape of I he 
horizontal sweep voltage. If t he horiz,nt al 
sweep s sinusoidal, t he main and ret urn sweeps 
each occupy t he saine ti me and t he spot moves 
faster horizontally in the center of t he pattern 
than it tines at tile ends. When t wo sinusoidal 
voltages of the same frequency are applied to 
both sets of plates, the pattern may be a 
straight line, an ellipse, or a circle, depending 
upon t he amplit udes and phase relat ionships of 
the two voltages. 

PATTERNS 

oc 

FREQ. RATIO 

1:1 

2:1 

3:1 

3 : 2 

4:3 

Fig. 21-52 :1111I fre• 

IflUellel• rill 11 er ¡ i .9 )-Ilegeee huh, 1,11 

the oltages applied to the t, of dell..ct e!“ t 

For many amateur purposes a sat i4a,•tory 
horizontal sweep is simply a 60-cycle voltage 
of adjustable amplit nth-. In modulation moni-
toring (th-scribed in the chapter on amplitude 
modulation) audio-frequency voltage can be 
taken frien the intalulator to supply the horizini-
tal sweep. For examination of audio-frequency 
waveforms, the linear sweep is essential. Its fre-
quency should be adjustable over the entire 
range of audio frequencies to be inspected on the 
oscilloscope. 

Lissajous Figures 

When sinusoidal a.c. voltages are applied 
to the two sets of deflecting plates in the os-
cilloscope the resultant pattern depends on 
the relative amplitudes, frequencies and phase 
of the two voltages. If the relationship bet ween 
these quantities is random the pattern is in 
continuous motion, but if the ratio bet ween 
the two frequencies is constant and can be 

Fig. 21-53 — A 2-inch oscilloscope of compact construe 
tint), suitable for modulation measurements and nimbi 
boring. It is designed around the 2BI'l cathode-ray tube 
and can be mounted either in the transmitter itself or 
in a separate cabinet. (iluilt by and WIAUQ.) 

expressed in integers the pattern will be sta-
tionary. This makes it possible to use the 
oscilloscope for determining an unknown fre-
quency, provided a variable frequency stiind-
ard is available, or for determining calibration 
points for a variable-frequency oscillator if a 
few known frequencies are available for com-
parison. 
The stationary patterns obtained in this 

way are called Lissajous figures. Examples 
of some of the simpler Lissajous figures are 
given in Fig. 21-52. Patterns of the type shown 
in Fig. 21-52 are obtained when the two volt-

Fig. 21-54 — Circuit diagram of the 2-inch oscilloscope. 
The high voltage may be between 500 and 1000 volts, 
according to the voltage available. 
(:I, C2, C4, Cs — 1000-volt rating. 
C3 — 0.5 dd., 500 volt.. 
HI, 112 — 3-megohm volume control. 
I13, 114 — 82,000 ohms, t2 watt. 
115, Be— 2.2 megohms, 2 watt. 
117 — 0.75 meaning), 1 watt. 
Bs, Rio — 0.25-megohm volume eontrol. 
R9 - 0.1 megohm, t watt. 
Rn — 0.27 megohm, I watt. 
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ages have equal amplitudes; in case one has 
greater amplitude than the other the patterns 
will be elongated in the direction having the 
larger amplitude but will retain the same es-
sential features. The form of the pattern for 
a fixed frequency ratio depends on the phase 
relationship between the two voltages: t hese 115 v.a. s 
figures are for a 90-degree phase difference. 

In every ease the patterns shown will be pro-
duced when the higher of the t wo frequenvies 
is applied to the vertical deflecting plates. 
Should the lower frequency be applied to the 
vertical plates the pattern will be turned at 
right angles. The frequency ratio is found by 
counting the number of loops along two adja-
cent edges. Thus in the third figure from the 
top there are three loops along a horizontal 
edge and only one along the vertical, so the 
ratio of the vertical frequency to the horizontal 
frequency is 3 to 1. Similarly, in the fifth 
figure from the top there are four loops along 
the horizontal edge and three along the ver-
tical edge, giving a ratio of 4 to 3. Assuming 
that the known frequency is applied to the 
horizontal plates, the unknown frequency is 

n2 

12 = 11 

where fi = known frequency applied to hori-
zontal plates, 

= unknown frequency applied to ver-
tical plates. 

= number of loops along a vertical 
edge, and 

112 = number of loops along a horizontal 
edge. 

In calibrating an oscillator, one of the fre-
queneies is usually variable. The 90-degree 
pattern can be obtained by careful adjustment 
of the variai de frequency until a stationary 
pattern resembling those shown is obtained. 
As the phase is varied the patterns will assume 

Fig. 21.35 — Rear view of tile 2-inch oseill - p..The 
2111'1 is supported by the strap at the end of the shield, 
which clamps around the tube base. The tube socket 
floats, with short flexible leads running to the terminal. 
board, 

0--er"e 

2 

+NV. 

Gnd. 

 o 

6.3 V. 

60 ew 
Sweep 
Output 

Gnd. 

Fig. 21.56— Suggested power supply for the 2-inch 
oscilloscope if power is not supplied by the transmitter. 
A 60-cycle sweep circuit is included. 

Cu — 0.25 to I dd., 1000 volts. 
Rt — 0.5-megolun volume control. 
St, S2 — S.p.s.t. toggle. 
Ti — Small replacement transformer, 250 to 350 volts 

each side et.. current rating unimportant. The 
2X2 rectifier filament is supplied be one-half 
of the 5-volt rectifier winding. Filament second-
ary 6.3 volts, current required 0.6 amp. 

T2 — Audio transformer, I to 1 ratio suitable. 

various forms, for a given frequency ratio, but 
the 90-degree pattern is easily identified be-
cause it is the most symmetrical. 
An important application of Lissajous fig-

ures is in the calibration of audio-frequency 
signal generators, such as the variable-fre-
quency a.f. oscillator described earlier in this 
chapter. Standard audio frequencies for this 
purpose are readily available. For very low 
frequencies the 60-cycle power-line frequency 
is held accurately enough to be used as a 
standard in most localities. The medium audio-
frequency range can be covered by coin-
parison with the 440- and 600-cycle modulation 
on the WWV transmissions. An oscilloscope hav-
ing both horizontal and vertical amplifiers is de-
sirable, since it is convenient to have a means for 
adjusting the voltages applied to the deflec-
tion plates to secure a suitable pattern size. 
The signal to the horizontal plates is fed di-
rectly to the amplifier, the horizontal linear 
sweep (if any) in the 'scope being switched out. 
The 60-cycle voltage can be obtained from the 
secondary of a filament transformer. The 440 
and 600 cycle voltages from the WWV signal 
can be taken from the headphone jack on a 
receiver. It is possible to calibrate over a 10-
to-1 range, both upwards and downwards, from 
each of the latter frequencies and thus cover the 
audio range useful for voice communication. 

A Simple Oscilloscope 

Figs. 21-53 through 21-55 show the circuit and 
constructional details of a simple 2-inch oscil-
loscope suitable for the r.f. measurements de-
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scribed in the chapter on amplitude modulation. 
The compact assembly, with everything sup-
ported by the 314 by 5' 4 inch panel, makes it 
possible to mount it right in a transmitter unit, 
if desired. In such case the heater power and high 
voltage for the 2131'1 tube may be taken from the 
transmitter power supply. The heater of the tube 
requires 6.3 volts at 0.6 ampere. The high voltage 
may be anything between 500 and 1000 volts, the 
maximum current being about 600 microamperes. 

Fig. 21-54 is the circuit diagram of the unit. 
Four controls are provided, for adjusting the focus 
and brightness and for centering the pattern both 
horizontally and vertically. The horizontal and 
vertical signal input terminals are isolated from 
the e.r.t. deflection plates for d.e. by blocking 
condensers C1 and C2. These condensers should 
be rated to stand the maximum voltage applied 
to the tube plus the peak signal voltage. The sig-
nal voltage required for full deflection depends 
on the high voltage used, and for 500-volt opera-
tion is 65 volts per ineh horizontally and 40 volts 
per inch vertically. At 1000 volts the correspond-
ing figures are 130 volts per inch horizontally 
and 80 volts per inch vertically. 
As shown in Figs. 21-53 and 21-55, the four 

control potentiometers are mounted in pairs each 
side of the c.r.t. face on the panel. Quarter-inch 
brass rods support a small bakelite panel at the 
rear. Power connections are made by means of a 
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terminal strip, and double binding-post a ,- sem-
blies are used for the signal inputs. The brass rod 
supports are drilled and tapped at the ends, and 
at the front are assembled to the same holes that 
mount the bezel ( Millen 80072 t and the tube 
shield ( Millen 80042). The latter is used to pro-
tect the tul )e from both low-frequency :Lc. and 
r.f. fields that act on the beam and distort the 
pat tern. 

Conneetions and use of an oscilloscope of this 
type for modulation checking are descril)ed in 
the chapter an amplitude modulation. For the 
trapezoidal pattern some of the audio voltage 
front the modulator should be applied to the 
horizontal plates through a voltage divider as 
described in that chapter. For continuous moni-
toring of modulation a 60-cycle sweep can be used 
on the horizontal plates. The 60-cycle voltage 
can be obtained through a small audio trans-
former front the power line, as indicated in Fig. 
21-56, with a potentiometer for setting it to the 
proper value to give a pattern of the desired 
size. 
The unit can of course be mounted in a stand-

ard utility box or cabinet, if desired, in which 
event it is convenient to include a power supply. 
A suitable diagram is given in Fig. 21-56. Any 
small replacement transformer ran be used for 
the purpose, since the power required is extremely 
small. 

Signal Monitoring 
Every amateur should make provision for 

checking the quality of his transmitter's out-
put. This requires that some means be avail-
ai de in the station for reducing the strength of 
the signal from the transmitter to the point 
where its characteristics can be examined with-
out danger of false indications from overload-
ing the receiving equipment. 
The simplest method of checking the quality 

of c.w. transmissions is to use the regular 
station receiver. If the receiver is a super-
heterodyne the process may simply be that of 
reducing the r.f. gain to minimum and tuning 
to the transmit ter frequency. If distant signals 
are stable and have " pute-d..' toile in normal 
reception, then the local transmitter should, 
too, when the receiver gain is reduced to the 
point where the receiver does not overload. 
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11 the signal is too strong with the r.f. gain 
"oll'," shorting the receiver antenna input ter-
minals may reduce it to suitable proportions, 
or the mixer circuit in the receiver may be 
temporarily det uned to arrive at the same de-
sired result. 
An alternative method is to set the receiver 

on t he next lower-frequency band than t he one 
in use, then tune the receiver so that the second 
harmonic of its oscillator beats with the trans-
mit ter signal to produce the intermediate fre-
quency. Higher-order harmonies also may be 
used for titis purpose. With this harmonic 
method there is ordinarily no danger that the 
receiver will overload, because the r.f. and 
mixer tuned circuits are so far from resonance 
with the transmitter frequency. The setting of 
the tuning dial bears no direct relation to the 
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Fig. 21.57 — Circuit of direct. 
reading modulation meter. 

C1, C4— 1000-gad. ceramic. 

C2— 100-agfd. variable midget. 

C3— I2 .551d. mica. 
C5 —  470-puftl. mica. 
It — I 11/0 ohms. 7,7,;,1 watt. 

IN34 112 —  16,000 g Aims 5%7,1 watt. 
.11 — Closed-circuit jack. 

\IA — 0-1 ma., 100 ohms. 

It FC — 20 gh. 

A-B, S2 — toggle. 

'Ft — Push-pull interstage 

transformer, 1:1 ratio. 
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transmitter frequency under these conditions, 
since the oscillator harmonic must maintain 
a constant difference with the transmitter to 
produce the i.f. beat. 

A 'phone signal may be monitored in the 
same way, provided a headset is used for 
reception. Use of a loudspeaker is not usually 
practicable because the sound output feeds 
back to the microphone and causes howling. 
A crystal detector and headset, may also be 
used for the same purpose, as described in 
preceding sections. In monitoring a 'phone 
signal the best plan is to have another person 
speak into the microphone rather than to 
listen to one's own voice. It is difficult to 
judge quality when speaking and listening at 
the same time. 

• MODULATION MONITOR 
Fig. 21-57 is the circuit ut a phone monitor 

that can be used both for aural checking and 
for measuring modulation percentage. When 
a small r.f. voltage is applied to the input 
circuit it is rectified by the crystal. With 
switch Sit in the " r.f." position the average 
value of the rectified current is measured by 
the 0-1 milliammeter, .1/A. With the switch 
in the " a.f." position, the audio modulation 
on the signal is transferred through Ti to a 
second rectifier. The average value of the 
rectified audio is again read by the milliam-
meter. The circuit constants are chosen so 
that if the input is adjusted to make the meter 
read full scale on r.f., the a.f. meter readings 
will be directly proportional to percentage of 
modulation (for voice modulation), 100 per 
cent modulation being represented by a cur-
rent of 1 milliampere. Switch 82 provides for 

reversing the " polarity" of the modulation, 
giving a qualitative indication of the up- and 
down-peaks. A headphone jack, J1, is provided 
for listening to the quality of the modulation. 
(The percentage modulation cannot be read 
with 'phones plugged into Ji, so the 'phones 
must be removed when readings are to be 
taken.) 

In constructing such an instrument, care 
should be used to prevent r.f. pick-up in the 
audio rectifier circuit. This can be checked by 
testing the instrument on an umnodulated 
carrier ( which must be substantially hum-free); 
with a full-scale reading when 51 is in the 
"r.f." position, the meter should read zero 
when S1 is switched to " a.f." The values of 
resistors R1 and R2 are critical and should be 
within plus or minus 5 per cent of the recom-
mended values. 
A sample of the modulated carrier may be 

coupled into the instrument through a one-
turn link and a length of Twin-Lead, the link 
being placed within a few inches of the final 
tank circuit of the transmitter. The coupling 
between the link and final tank coil must be 
adjusted to give a full-scale r.f. reading, after 
C2 has been set for maximum reading. Alter-
natively, a coil that will resonate with C2 at the 
operating frequency may be connected to the 
input terminals and the instrument located so 
that a suitable full-scale reading will be ob-
tained. 

Besides indicating modulation percentage, 
the instrument will show carrier shift (as 
shown by a change in the reading, when 
modulating, with Sit in the " r.f." position) and 
thus detect nonlinearity in the modulated 
amplifier. 
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Assembling a 

Station 
An amateur station is generally far better 

known by its signal and good operation than by 
its physical appearance. Good operating and a 
clean signal will build a reputation faster than 
thousands of dollars invested in special equip-
ment and an elaborate " shack," and it is this 
very fart that makes amateur radio the demo-
cratic hobby that it is. However, most ama-
teurs take pride in the arrangement of their 
stations, in the same way that they ate careful 
of the appearance and arrangement of any-
thing else which is part of the household. An 
it installat ion is the only external in 

of the amateur station, and the degree 
of it required is generally determined by 
the district where the anntteur lives and the 
at of the neighbors. However, with the 
advent of all different kinds of television 
receiving antennas, neighbors are in a much 
less favorable position to complain about the 
appearanee of an amateur antenna system in 
the vicinity. TVI is somet hing else, however! 

The :tetual lovation inside the house of the 
"shack" — the room where the transmitter 
and receiver are located — depends, of course. 
on the free space available for amateur activi-
ties. Fortunate indeed is the amateur with a 
separate room that he can devote to his ama-
teur station, or the few who can have a special 
small building separate from the main house. 

This rompact station is arranged for clean-cut c.w. 
operation. no frills or extras. The homemade 
modern--t st, table provides adequate operating space, 
a eubli> hole for log and Call Book, and drawers for 
QtiL cards and spare parts. V. 9\ N, Des Plaines, Ill.) 

However, most amateurs must share a room 
with other domestic activities, and amateur 
stations will be found tucked away in a corner 
of the living room, a bedroom, a large closet, 
or even under the kitchen stove! A spot in the 
cellar or the attic can almost be classed as a 
separate room, although it may lack the " fin-
ish" of a normal room. 

Regardless of the location of the station, 
however, it should be designed for maximum 
operating convenience and safety. It is foolish 
to have the station arranged so that the throw-
ing of several switches is required to go from 
"receive" to " transmit," just as it is silly to 
have the equipment arranged so that the op-
erator is in an uncomfortable and cramped 
position during his operating hours. The rea-
sons for building the station as safe as possible 
are obvious, if you are interested in spending a 
number of years with your hobby! 

o CONVENIENCE 
The first consideration in any amateur 

station is the operating position, which in-
cludes the operator's table and chair and the 
pieees of equipment that are in constant use 
(the receiver, send-receive switch, and key or 
microphone). The table should be as large as 
possible, to allow sufficient room for the re-
ceiver or receivers. frequency-measuring equip-
ment. monitoring equipment. control switches, 
and keys and mirrophones. wit It enough space 
left over for the logbook. a pad and petnil, and 
perhaps a large ash tray. Suitable space should 
be included for radiogram blanks and a call 
book, if these accessories are in frequent use. 
If the table is small. or the number of pieces of 
equipment is large. it is often necessary to build 
a shelf or rark for the auxiliary equipment, or 
to mount it in some less convenient li)cat ion in 
or under the table. If one has the facilities, a 
semicirpular " console" can be built of wood, or 
a simpler solution is to use two small wooden 
cabinets to support a table top of wood or 
NIasonite. Home-built tables or consoles can 
be finished in any of the available oil stains, 
varnishes, paints or lacquers. Many operators 
use a large piece of plate glass over part of their 
table, since it furnishes a good writing surface 
and can cover miscellaneous charts and tables, 
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prefix lists, operating aids, calendar, and simi-
lar accessories. 

If the major interests never require frequent 
band changing, or frequency changing within 
a band, the transmitter can be located some 
distance from the operator, in a location where 
the meters can be observed from time to time 
(and the color of the tube plates noted!). If 
frequent band or frequency changes are a part 
of the usual operating proeedure, the trans-
mitter should be mounted close to the oper-
ator, either along ono side or above the re 
eniver. 80 that the controls are easily accessible 
without the need for leaving the operating 
pceition. 

Fig 22-I — In a station assembled for maximei it ease 
in frequency or band el zinging, the transmitter si 1(1 
be located next to the operating position, as shown 
above. On the operating table, the receiver is in front of 
the operator and VFO or crystal-switching oscillator on 
the left. (The VFO or crystal oscillator could be part of 
the transmitter proper, but most operators seem to 
prefer a separate VFO.) 

'I'he frequency standard and other auxiliary equip-
ment can be mounted on a shelf above the receiver. The 
operating table can be an old desk, or a top supported 
by two small wooden cabinets. The "send-receive 
switch is to the right of the telegraph keys — other 
switches are on the transmitter or the individual units. 

l'he above arrangement can he made to look cleaner 
by arranging all of the equipment on the table behind a 
single panel or a set of panels. In this case, provision 
must be made for getting behind the panel for servicing 
the units. 

A compromise arrangement would place the 
ITO or crystal-switched oscillator at the op-
erating position and the transmitter in some 
convenient location not adjacent to the op-
erator. Since it is usually possible to operate 

over a portion of a band without retuning the 
transmitter stages, an operating positloi it his 

type is an advantage over one lit tIilvli the 
operator must leave his position to make a 
change in frequency. 

Controls 

'I'he operator has an excellent chance to 
exercise hls In in the location of the t ep-
crating controls. The most important controls 
in the station are the receiver tuning dial and 
the send-receive switch. The receiver tuning 
dial should be located four to eight inches 
above the operating table, and if this requires 
mounting the receiver off the table, a small 
shelf or bracket will do the trick. With the 
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One of the most con. enient station arrangements is to 
build a semicircular im,•r.iting table as n here. \ II 
operating controls are readily available, allil consider-
ably more equipment can be grouped around the op-
erator than when an ordinary desk is used. (W2SAI, 
Riverton, N. J.) 

single exception of the amateur whose work is 
almost entirely in traffic or rag-chew nets, 
which require little or no attention to the re-
ceiver, it will be found that the operator's 
hand is on the receiver timing dial most of the 
time. If the tuning knob is too high or too low. 
the hand gets cramped after an extended 
period of operating, hence the importance of 
a properly-located receiver. The majority of 
c.w. operators tune with the left hand, pre-
ferring to leave the right hand free for copying 
messages and handling the key, and so the 
receiver should be mounted where the knob 
can be reached by the left hand. 'Phone op-
erators aren't tied down this way, anti tune the 
communications receiver with the hand that is 
more convenient. 
The hand key should be fastened securely 

to the table, in a line just outside the right 
shoulder and far enough back from the front 
edge of the table so that the elbow can rest on 
the table. A good location for the semiauto-

In this arrangement. the two neck ers with sep,iratc 
loudspeakers) and the transmitter FO are all within 
easy reach of the operator, while the monitoring ....edit,-
scope on the left-hand transmitter rack can be easily seen 
from the operating position. (W7 JU, Boulder City, Nev.) 
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matic or " bug" key is right next to the hand-
key, although some operators prefer to mount 
the automatic key in front of them on the left, 
so that the right forearm rests on the table 
parallel to the front edge. 
The best location for the microphone is 

directly in front of the operator, so that he 
doesn't have to shout across the table into it, 
or run up the speech-amplifier gain so high 
that all manner of external sounds are picked 
up. If the microphone is supported by a boom 
or by a flexible " goose neck," it can be placed 
in front of the operator without its base taking 
up valuable table space. 

In any amateur station worthy of the name, 
it should be necessary to throw no more than 
one switch to go from the " receive" to the 
"transmit" condition. In ' phone stations, this 
switch should be located where it can be easily 
reached by the hand that isn't on the receiver. 
In the case of c.w. operation. this switch is 
most conveniently located to the right or left 
of the key, although some operators prefer to 
have it mounted on the left-hand side of the 
operating position and work it with the left 
hand while the right hand is on the key. 

oa Either lction is satisfactory, of course, and 
the choice depends upon personal preference. 
Some operators use a foot-controlled switch, 
which is a convenience but doesn't allow tot)' 
much freedom of position during long oper-
ating periods. 

If the microphone is hand-held during 
'phone operation, a " push-to-talk" switch on 
the microphone is convenient, but hand-held 
microphones tie up the use of one hand and 

Fig. 22-2 — When lit le space is available for he ama-
teur station, the equipment has to be spotted where it 
will lit. In the above arrangement, the transmitter, 
modulator and power supplies (separate unit- , are 
sandwiched in alongside the operating table and on a 
shelf at,., the table. The antenna tuning unit is 
mounted tier the feed-through insulators that bring 
the antenna line into the -shack,- and loudspeaker and 
small power supplie, are mounted under the table. The 
operating position is clean, however, with the V lo. 
receiver and keys at table level. The tuning knob of this 
receiver would be uncomfortably low if the receii er 
weren't raised by the wooden arch, and the -send-
receive- switch is mounted on the right-hand side of this 
arch, next t.. the hand key. Interconnecting letols - 11..idel 
be cabled along the back of the table and table Pg.-, to 
keep them inconspicuous. 

CHAPTER 22 

This illustrates how concealing all interconnecting wires 
and eliminating gear not necessary to communication 
results in an extremely neat station. (V E111. J, Vt ood-
stork, Ont.) 

are not too desirable, although t hev are widely 
useil in mobile and pirtable work. 
The location of other switches, such as thiise 

use il to control pi,wer supplies, filaments. 
'plame/c.w. change-over and the like. is id no 
particular importance. and they be lorated 
on the unit with which they are as:,.ecittted. 
This is not strictly true in the case of the 
'phone Y.w. DX iman, who sometimes has 
need to change in a hurry from c.w. to ' phone. 
In this case, the change-over switch should be 
at the operating table, although the actual 
change-over should be done by a relay rontrolled 
by the switch. 

If a rotary ben ni is used the control of the 
beam should be convenient to the operator. 
The direction indicator. however. can be liwat ed 
anywhere wit hin sight of the iperator. and does 
not have to be Iueated on t he operating table 
unless it is ineluded with the control. 
When several fixed lien a re used, the se-

lection of any one shimld possible front the 
operating position. to minimize the time re-
quired to seleet the proper one. This generally 
means using a series of antenna relays or a 
stepping swit ch. 

Frequency Spotting 

In a station where a \' F0 is used, or where a 
number of erystals is available. the operator 
should he able to t urn on only the oscillator of 
his transmitter. so that he can spot accurately 
his location in the band wit h respect to other 
stations. This allows him to see if he has any-
thing like a clear channel ( if such a thing exists 
in the amateur bands5, tit see what his fre-
quency is with respect to another station. Sueh 
a provision can be part of the " send-receive" 
switch. Switches are available with a center 
"off" position, a " hold" position on one side, 
fut turning on the oscillator only, and a " lock" 
position on the other side for turning on the 
transmitter and antenna relays. If oscillator 
keying is used, the key serves the same pur-
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Ant. Re/aq 

Power,* 
Re/ay 

To send-receive 
switch 

Outlets OPS.T. switch 
os required if desired 

I 
green Pilot Lamp 

e 
D.PS. r switch 
if desired 

Outlets for filament 
tronsformers,os required 

• 4) 

Send-Pecerve switch 
(o'er forpush-to-ta/k) 

Outlets as required for 

(A) 

(.4 Plaq into 
wall 

 "Tj outlet 

(B) 

1 La/Hp ere. 

P Br relay plate-Irons/owner primaries orswitch 

1 To power- re/ay 
outlet in B above 

(C) 

o 

Tir ea/lout/et 
or speaa/ 
iis-eolt line 

To mil/out/dap 
special us-volt line 

22-3 -- Power circuits for a high-pou ed. - 1., tiou . shows the outlets for the receiver, monitoring equipment, 
amplifier and the like. The outlet i rl be mounted ineonspici ..... sly on the operating table. B shows the 

trat,init ter fi la immt circuits and rontrol-rel.i. ' irc-iii s, if the latt er are ipadd. C shows lice plate- transformer primary 
circuits, rit, nul by the bower relas \ h,•,,,, -du ty switeh can be used instead of the rel..0. in which case the 
antenna rIlas siould be connected in circuit 

If lamps are used, they can be connected a- shown. Lower-voltage lamps must he connected across 
suitable winding- on tran-formers. 

\\ it It "push- to-talk" operation. the "send-receive" switch can be a il.p.d.t. affair, with the second pole controlling 
t -on-off" circuit of the re..eis er. 

pftse, provided a " send-receive" switch is 
available to turn off the high-voltage supplies 
and prevent a signal going out on the air during 
ailjustment of the oscillator frequency. 

For 'phone operation, the telegraph key or 
an auxiliary switch can control the transmitter 
oscillator, and the " send-receive" switch can 
then be wired into the control system so as to 
control the oscillator as well as the other circuits. 

Comfort 
Of prime importance is the comfort of the 

operator. If you find yourself getting tired 
after a short period of operating, examine 
your station to find what causes the fatigue. It 
may be that the chair is too soft or hasn't a 
straight back or is the wrong height for you. 
The key or receiver may be located so that you 
assume an uncomfortable pitsitigin while using 
them. If you get sleepy fast, the ventilation 
may be at fault. (Or y.,u may need sleep!) 

• POWER CONNECTIONS AND 
CONTROL 

Following a few simple rules in wiring your 
power supplies and eontrol circuits will make 
it an easy job to change units in the station. If 
the station is planned in this way from the 
start, or if the rules are recalled when you are 
rebuilding, you will find it a simple matter to 
revise your station front time to time without a 
major rewiring job. 

It is neater and safer to run a single pair of 
wires from the outlet over to the operating table 

or some central point. rather than to use a 
number of adapters at the wall outlet. 

Interconnections 

The wiring of any station will entail two or 
three common circuits, as shown in Fig. 22-3. The 
circuit for the receiver, monitoring equipment 
and the like, assuming it to he taken from a wall 
outlet, should be run from the wall to an ineon-
spicuous point on the operating table, where it 
terminates in a multiple outlet large enough to 
handle the required number of plugs. A single 
switch between the wall outlet and the recepta-
cle will then turn on all of this equipment at 
one lime. 
The second common circuit in the station is 

that supplying voltage to rectifier- and trans-
mitter-tube filaments, bias supplies, and any-
thing else that is not switched on and off during 
transmit and receive periods. The coil power 
for control relays should also be obtained from 
this circuit. The power for this circuit can come 
front a wall outlet or from the transmitter line, 
if a special one is used. 
The third circuit is the one that furnishes 

power to the plate-supply transformers for the 
r.f, stages and for the modulator. (See chapter 
on Power Supplies for high-power considera-
tions. When it is opened, the transmitter is 
disabled except for the filaments, and the trans-
mitter should be safe to work on. However, one 
always feels safer when working on the trans-
mitter if he has turned off every power supply 
pertaining to the transmitter. 
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In this t xamplt of a  pat t high r ' tat'  the 
..petating table folds up s‘ hen not in use and 1'0% rt... the 
r.o ,'r and speech amplifier. Special furnit lire. like thi.: 
homemade operating table, goes a long ma> tos, ard solv-
ing the space problem for niany amateurs. ( II Ill IV, 
Fort Thomas, Ky.) 

With these three circuits established, it be-
comes a simple matter to arrange the station 
for different conditions and with new units. 
Anything on the operating table that runs all 
the time ties into the first circuit. Any new 
power supply or t. f. unit gets its filament 
power from the sercind Sit, te the third 
circuit is contnilled by the send-receive swing' 
(or r('lay), any power-supply primary that is to 
be switched on and off for send and reveive 
connects to circuit No. 3. 

Break-In and Push-To-Talk 

In e.w. operation, " break-in" is any system 
that allows the transmitting operator to hear 
the other fellow's signal during the " key-up" 
periods between characters and lettt'rs. This 
allows the sending station to be " broken" by 
the receiving station at anv time, to slim ten 
calls, ask fin. " fills" in messages, and si wed 
up operation in general. With present tech-
niques, it requires the use of a separate !Trek--
ing antenna and. with high power, some means 
for protecting the reveiver from the transmit-
ter when the key is " down." Several methods, 
applieable to high-power stations, are de-
scribed in Chapter Eight. If the transmitter is 
low-powered (50 watts or so). no special 
equipment is required except the separate re-
ceiving antenna atol a receiver that " revovers" 
fast. Where break-in operation is used, there 
should be a switch on the operating table to 
turn off the plate supplies when ailjusting the 
oseillator to a new frequency, although during 
all break-in work this switch will be closed. 

"Push-to-talk" is an explession derived 
from t he " push" switch on some microphones. 
and it means a ' phone station wit h a single 
control for all change-over funetions. Strict ly 
speaking, it should apply only to a station 
where this single send-reveive switeh lutist lie 
held in place during transinissiun periods, but 
any fast-acting switch will give practically t he 

same effect. A control switch with, a center 
"off " position and one " hold" and one " lock" 
position, will give more flexibility than a 
straight " push" switch. The one ,, wit eh must 
control the antenna change-iiver relay. the 
transmitter power supplies, Ind t ei,•eiver 
'on-off'' cireuit. This latter is necessary to 
disable the receiver iluring transmit periods. to 
avoid acoustic. feed-bark. 

Switches and Relays 

It is dangerous to use an overloadeil switch 
in the power cirruits. After it has been for 
some time, it may fail, leaving t he power on t he 
eircuit even after the switch U. thrown to the 
"off" pii-ition l'or this reason. large switelies, 
or relays with adequate ratings, should be used 
to eont nil thi• plate power. Belays are rated by 
coil volt age,: for their eiint nil eircuits) and by 
their cunt:tut current ratings. 
When relays are used, the send-receive 

switch closes the cireuit to their coils. thils 
closing the relay contacts. 'rile relay contaets 
are in the power eirenit being contri died, and 
thus the switeli handles only the relay-coil 
current. 

e SAFETY 
Of prime importance in the layout of the 

station is the personal safety of the operator 
and of visitors, invited or otherwise, during 
normal operating plait ice. If there are small 
children in the house. every step must be 
taken to prevent their aceident al contact with 
power leads of any voltage. A lurked I tui is a 
fine idea, if it is possible, otherwise housing the 
transmitter and power supplies in metal cabi-
nets is an exuellent, although expensive. solu-
tion. Lacking a metal cabinet, a wooden cabi-
net or a wooden framework covered with wire 
screen is the next-best solution. Many statiiais 
have the power supplies housed in metal cabi-
nets in the operating room or in a e' lo or 
basement, and this cabinet or entry is kept 
locked — with the key out of reavh of everyone 
but the operator. The power leads am it ut 
through conduit to the transmitter, using 
ignition cable for the high- voltage leads. If the 
power supplies and t ransmitter are in the same 
eabinet. a lock-type main switch for the incom-
ing line power is a good precaution. 
A simple substitute for a lock-type main 

switeh is an ordinary line plug with a short 
vonnecting wire between the two pins. By 
wiring a female reeeptaele in series with the 
main power line in the transmitter, the short-
ing plug will ail its the inain safoly lock. When 
t plug is removed : old hidden, it will lw hn-
possible to energize Ow transmitter, and a 
st ranger or chili isn't likely to spot or suspect 
t lu. open rece! )t adv. 
An essential adjunct to any station is a 

shorting stick for iliseharging any high voltage 
t I) ground before any work or coil changing is 
done in t he transmitter. Even if interlocks and 
power-supply bleeders are used, the failure of 
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one or more of these components inay leave t le 
transmitter in a dangerous comfit The 
shorting stick is made by mounting a small 
metal hook, of wire or rod. on oni• end of a dry 
stick or bakelite rod. piece of ignition eable 
or other well- insulated wire is then run from 
the hook on t In t lid: to t Iii ehassis or common 
ground of the transmitter. and t n st lei: is hung 
alongside the transmit t (. r. WI wne ver the 
power is turned off in the transmitter to work 
on the rig, or to change voils, t he shorting stick 
is first used to timid. the several high-voltage 
leads (tank condenser, filter vondenser, tube 
plate connection. etc.) to insure t hat t here is no 
high voltage at any () I' these points. This simple 
devire has SaVl'd many a life. Use it ! 

Fusing 

A minor hazard in the amateur station is the 
possibility of fire through the failure of a 
component. If the failure is complete and the 
component is large, t lit It ni,su fuses will gen-
erally blow. However, it is unwise and incon-
venient to depend upon t he house fuses to 
protect the lines running to the radio equip-
ment, and every power supply should have its 
own set of fuses, with the fuse ratings seleuted 
at about 150 or 200 per cent of tile nuts:in/um 
rating of t he supply. If, for example, a power 
transformer is rated at 600 watts, it would 
draw about 5 amperes from the a.c. line 
(600÷115 = 5.2/, and a 10-ampere fuse should 
be used in the primary circuit ( If the trans-
former. Circuit breakers can be used instead of 
fuses if desired. 

Wiring 

Control-circuit wires running between the 
operating position and a transmit ter in another 
part of the room should be lib lin, if possible. 
This can be done by running t he wires under 
the floor or behind the base molding, bringing 

This station goes all the may in concealment by housing 
the entire station in a -pedal cabinet. \\ hen the cabinet 
is opened, the operating table is formed arid all pieces of 
gear are accessible. (WO N X, Nlountain View, Calif.) 
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there was  gli room at this st   to build the 
transmitter int., the mall, and t ., protect it mith glass 
doors. In an installation like ¡ hi-. it is convenient to 
lave to the rear of the transmitter units, for 
making connection to them and for testing. If the rear 
cannot be reaelied, all potter leads should be cabled up 
along th.• side walls, at the rear. (% 6V-.1., M 
Calif.) 

the wires out to terminal boxes or regular wall 
fixtures. Such construction, however, is gen-
erally only possilde in elaborate installations, 
and the average amateur must content him-
self with trying to make the wires as incon-
spicuous as possible. If several pairs of leads 
must be run fr( 4h t he operating table to t he 
transmitter, as is generally the case, a single 
piece of rubber- or vinyl-covered multicon-
ductor cable will always look neater than sev-
eral pieces of rubber-covered lamp cord. 
The antenna wires always present a problem, 

unless coaxial-line feed is used. Open-wire line 
from the point of entry of the antenna line 
should always be arranged neatly, and it is 
generally best to support it at several points. 
Many operators prefer to mount tludr antenna-
t lining assemblies right at till. point of entry of 
the feedline, together with an antenna change-
over relay if one is used), and then the link 
from the t uning assembly to the transmitter 
can be made of inconspiemius coaxial line or 
Twin-Lead. If the transmitter is mounted near 
the point of entry of the line, it simplifies the 
problem of " What to do with t he feeders?" 

General 

You can check your station arrangement by 
is yourself the following quest hills. If all 
ef your answers are an honest "Yes," your 
atint will be one which you can be proud. 
I Is your station safe, under normal oper-

ating eonditions, he'll for the operator and the 
visit(ir? 

2) Is the operating position comfortable, 
even after several hours of operating? 

3) Do you throw not more than one switch 
to go from " receive" to " transmit "? 

4) Does it take only a short tinte to explain 
to another amateur how to work your station? 

5) Do you show your station to visiting ama-
teurs or laymen without apologizing for its 
appearance? 
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BCI and TVI 
It is the duty of every amateur to make sure 

that the operation of his station does not, because 
of any shortcomings in equipment., cause inter-
ference with other radio services. 

However, there is a larger obligation — to 
eliminate interference with regular broadcasting 
(BCI) and television (-FYI) to the greatest pos-
sible extent even when your own tratistnit ter is 
not at fault. The institution of amateur radio 
cannot cont mue to flourish in the face of ill feeling 
on the part of a large segment of the general 
public — ill feeling that is only too readily gen-
erated if the public's favorite programs are broken 
up by amateur transmissions. The future of ama-
teur radio depends in large part on the efforts you 
exert now to make it possible for your neighbors 
to continue to enjoy their radio reeeption while 
you pursue your transmitting activities. It is un-
fortunately true that much interference is directly 
the fault of receiver construction. Nevertheless, 
the amateur can and should help to alleviate 
interference even though the responsibility for 
it does not lie with him. 
The regulation of the Federal Communica-

tions Commission covering interference to 
broadcasting is quoted below: 

§12.152. Restricted operation. (a) If the operation of an 
amateur station causes general interference to the reception 
of transmissions front stations operating in the domestic 
broadcast service when receivers of good engineering design 
including adequate selectivity characteri,ties are used to 
receive such transmissions and this fact is made known to 
the amateur station licensee, the amateur station shall not 
be operated during the hours front 8 o'clock P.M. to 10:30 
P.M., local time, and on Sunday for the additional period 
from 10:30 A.M. until I P.M., local time, upon the frequency 
or frequencies used when the interference is created. In 
general, such steps as may he necessary to minimize inter-
ference to stations operating in other services may he re-
quired after investigation by the Commission, 

FCC recognizes the fact that much interference 
occurs because receivers are not capable of reject-
ing signals far outside the frequetwy band to 
which the receiver is turns 1.•' Quiet hours" are not 
imposed unless it is shown that the interference 
is actually the fault of the transmitter. 

• GETTING LISTENER COOPERATION 
To be successful in handling bit.1•I'crence cases 

you have got to win the listener's cooperation. 
The first step is to earn the listener's confidence 
in your technical ability and to convince hint of 
your sincerity in wanting to clear up interference. 
Here are a few pointers on how to go about it. 

Clean House First 

We've said above that the first obligation of 
every amateur is to clean up his transmitter so 
it has no radiations outside the bands assigned 
for amateur use. The best. check on this is your 

own AM or TV receiver. It is always convincing 
if you can say — and demonstrate — that you 
do not interfere with reception in your own home. 

Don't Hide Your Identity 

Whenever yin' change hieation, or mode of 
transmission, I ir itterease power, or put up a new 
antenna, check with your neighbeirs to make sure 
that they are not experiencing interference. An-
nounce your itresetwe and rim, luet occasional 
tests on the air, request ing anyone whose rerep-
tion is being spoiled to let you know about it St) 
that you may take steps to eliminate the t rouble. 

Act Promptly 

The average person will tolerate a limited 
amount of interference, but no one can be ex-
pected to put up with frequent and extended in-
terrupti:ins to priigrams. The sooner you take 
steps to eliminate the interferet ive. the more agree-
able the listener will be; the linigiq• Ilc has to wait 
for you, the less willing he will be to cooperate. 

Present Your Story Tactfully 

When you interfere, it is natural for the com-
plainant to assume that. your transmit ter is at 
fault. Explain t hat vou do not operate ( in the 
broadcast frequenvii,:, and the real t rouble is t hat 
you and he happen t'' be located 5., close tii eavh 
other. Point out t hat t he average receiver is made 
to sell as cheaply as pissible, and t hat features 
that would prevent interference frinn near-by 
stations are left out. 

It should be explained to the listener that 
if it is simply the presence of your strong sig-
nal on his receiving antenna that causes the 
difficulty, the situation can be cleared up by a 
filter or wavetrap. If the wiring of the receiver 
itself is picking up your signal, such cases can be 
cured only by sum iii  titis unwanted pink-up 
in the receiver it in other wonls, solute modifi-
cations will have to be made iii t he receiver if he 
is to expect interference-free reception. 

Arrange for Tests 

Most listeners are not very competent ob-
servers of the various aspects of interference. 
If at all possible, enlist the help of another 
amateur and have him operate your transmit-
ter while you see what happens at the affected 
receiver. You can then determine for yourself 
where the trouble is most I il;uly to be. 

Avoid Working on the Receiver 

If your tests show that the fault has to be 
remedied in the receiver itself, i/o not offer lo 
work on the receiver. It is not your fault that 
the receiver design is defective. Recommend 
that the work be clone by a reliable service-

496 
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man, and offer to advise the latter as to the 
cause and cure if necessary. 

llowever, if the owner of the receiver obviously 
prefers to have you make the modificat 
only with the understanding that it is purely 
because you are anxious to cooperate. 

In General 

In this " public relations'' phase of the prob-
lem a great (leal depends on your own attitude. 
Most people will be willing to meet you half 
way, particularly when t he interference is not 
of long standing. if you as a person make a 
good impression. Your personal appearance is 
important. So is what you say about the re-
ceiver. A display of lofty technical superiority 
is more likely to generate resent ment than co-
operation. Above all, don't make remarks on 
the air about " bum broadcast receivers" and 
"cheap midgets." No one takes kindly to hear-
ing his possessions publicly derided. If you 
discuss your interference problems on the air, do 
it in a constructive way — one calculated ta in-
crease listener cooperation, not destroy it. 

• RADIO-CLUB INTERFERENCE 
COMMITTEES 

Organized amateur radio clubs can do a lot 

to pave the way toward coiiperation between 
individual amateurs and the broadcast listen-
ers. Many clubs maintain interferetice cc 
tees charged with handling both the public n•la-
tions and the technical aspects of amateur inter-
ference. Through such committees, technical as-
sistance is made available to all members of the 
club so that those less qualified can have the bene-
fit of the experience of others. The committee 
should also maintain contact with the local 
radio servicemen, supplying them with in-
formation and technical assistance whenever 
possible. The committee can maintain valuable 
contacts wit h the local newspapers, broadcast 
stations and other authorities to provide the 
right kind of publicity for the efforts of in-
dividuals or groups who are trying to clear up 
interference problems. 

League Aids 

The Communications Depart nwnt of ABU, 
as one of its services to affiliated clubs, 
has prepared material suggesting various ways 
in which local clults can form in 
committees, and methods by which such 
groups can function efficiently for the good of 
all concerned. This material is available to 
affiliated clubs on request„ addressed to ARRL 
headquarters. 

Causes and Cure of BCI 
There are no magic cures for all of in-

terference to standard AM broadcasting. The 
great number of different types of broadcast 
reciiivers makes it necessary to tailor the rem-
edy to the specific set. However, interference 
does usually fall into one or more rather well-
defined categories. A knowledge of the general 
types of interference and the methods required 
to eliminate it will lead to a rapid appraisal 
of the situation and will avoid nt ich cut-and-
try in finding a cure. 

Transmitter Defects 

Out-of-band radiation is something that 
must be cured at the transmitter. Parasitic 
oscillations are a frequently unsuspected 
source of such radiations, and no transmitter 
can be considered satisfactory until it has been 
thoroughly checked for both low- and high-
frequency parasitics. Very often parasitics 
show up only as transients, causing key clicks 
in c.w. transmitters and " splashes" or " burps" 
on modulation peaks in AM transmitters. 
Methods for detecting and eliminating para-
sities are discussed in the transmitter chapter. 

In c.w. transmitters the sharp make and 
break that occurs with unfiltered keying causes 
transients that, in theory, contain frequency 
components through the entire radio spectrum. 
Practically, these transients do not have very 
much amplitude at frequencies very far away 
from the transmitting frequency. Nevertheless 
they are often strong enough in the immediate 
vicinity of the transmitter to cause serious 

interference to broadcast reception. Key clicks 
can be eliminated by the methods detailed in 
the chapter on keying. 
A distinction must be made between clicks 

generated in the transmitter itself and those 
set up by the mere opening and closing of the 
key contacts when current is flowing. The 
latter are of the saine nature as the clicks heard 
in a receiver when a wall switch is thrown to 
turn a light on or off, and may be more trouble-
some nearby than the clicks that actually go 
out on the signal. A filter for eliminating them 
usually has to be installed as close as possible 
to the key contacts. 

Overmodulation in AM 'phone transmitters 
generates transients similar to key clicks. It 
can be prevented either by using automatic 
systems for limiting the modulation to 100 
per cent, or by continuously monitoring the 
modulation. Methods for both are described 
in the chapter on amplitude modulation. In this 
connection, the term " overmodulation" means 
any type of non-linear modulation that results 
from overloading or inadequate design. This can 
occur even though the actual modulation percent-
age is less than 100. 
BCI is frequently made worse by radiation 

from the transmitter, power wiring, or the r.f. 
transmission line. This is because the signal 
causing the interference, in such cases, is radi-
ated from wiring that is nearer the broadcast 
receiver than the antenna itself. In such cases 
much depends on the method used to couple 
the transmitter to the antenna, a subject that 
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is discussed in the chapters on transmission lines 
and antennas. If it is at all possible the antenna 
itself should be placed so that it is not in close 
proximity to house wiring, telephone and power 
lines, and similar conductors. 

Image and Oscillator-Harmonic Responses 

Relatively few superhet broagIcast receivers 
have any r.f. amplification preceding the mixer, 
so that the selectivity at the signal frequency 
is not especially high (t he i.f. amplifier pro-
vides most of the working selectivity). The 
result is that strong signals from near- by trans-
mitters, even though the transmitting fre-
quency is far removed from the broadcast 
band, can force themselves to the mixer grid. 
They will normally be eliminated by the i.f. 
selectivity, except. in cases where the trans-
mitter frequeney is the image of the broadcast 
signal to which the receiver is tutted, or when 
the transmitter frequency is so related to a 
harmonic of the broadcast receiver's local oscil-
lator as to produce a beat at the intermediate 
frequency. 

These image and oscillator-harmonic re-
sponses tune in and out on the broadcast re-
ceiver dial just like a broadcast signal, except 
t hat in the case of harmonic response t he 
tuning rate is more rapid. Since most receivers 
use an intermediate frequency in the neighbor-
hood of 150 ke., t he interference is a true image 
only when the amateur transmitting frequency 
is in t he 1750-kc. band. Oscillator-harmonic 
responses occur front 3.5- and 7- Mc. transmis-
sions, and sometimes even from higher fre-
quencies. 

Regardless of whether the interference is 
caused by eit her an image or by harmonic 
response, the problem is to reduce the ampli-
tude of the amateur signal in the front end of 
the h. r, receiver. If the rereiver uses an ex-
ternal antenna a wavetrap at the receiver 
antenna terminals may help. It may also be 
helpful to red ore t he length of t he receiving 
antenna — and particularly to avoid a length 
that might be near resonance at the transmit-
ter frequency — or to change its direction wit h 
respect to the transmitting antenna. If the 
signal is being picked up by the a n t pima it will 
disappear when the antenna is disconneeted. 
If it is still present under these circumstances 
the pick-up is in the set wiring or the power 
circuits. A line filter may be tried for the latter. 
Pick-up on the set wiring can only be cured by 
installing some shielgling around the t'. f. cir-
cuits. Copper window screening cut and fitted 
to size will usually do the trick. 

Since images and harmonic responses oecur 
at definite frequencies on the receiver dial, it is 
always possible to choose an operating fre-
quency t hat will not give such a response on 
top of the broadcast stations that are favored 
in the vicinity. While your signal may still be 
heard when the receiver is tuned off the local 
stations, it will at least not interfere with pro-
gram reception. 

Cross-Modulation 

With 'phone transmitters, there are occasion-
ally cases where the vi give is heard whenever the 
broadcast receiver is tuned to a b.c. station, but 
then. IS no hit erference when tuning between 
statigngs. This is cross-modulation, a result of 
net in one of the early stages of the re-
ceiver. Receivers that are suseeptible to t his 
trouble usually also get a similar type of interfer-
cure t'. titi regular broadcasting if there is a 
strong local b..% station and the receiver is tuned 
to some other station. 
The remedy for cross-modulation in the re-

ceiver is the same as for images and oscillator-
harmonie responses — reduce the strength of the 
amateur signal at the receiver by means of a 
wave-trap, line filter, or shielding, as required. 
The trouble is not always in the receiver, however, 
shim cross modulation can oveur in any rectifying 
circuit — such as a poor eontaet in water or 
steam piping, gutter pipes, and other conductors 
in the strong field of the transmitting antenna. 

Blanketing 

"Blanketing" is a form of interference that 
partially or completely masks reception, no 
matter where the b.e. receiver is tuned. Each 
tinte the carrier is thrown on, whether by keying 
or for modulation, the program disappears or is 
reduced in amplitud... Amplitude modulation is 
usually distorted rather severely. 
When the transmitter is operated on the 

lower frequencies this type of interference 
occurs only when the receiver and transmitter 
are very close together. It is the result of shu-
ffle overloading of the receiver by the very 
strong field in the vicinity of the transmitting 
antenna. It occurs principally on receivers 
using external antennas (as contrasted with a 
built-in loop), and can be reduced by t he steps 
recommended above; i.e., using a short receiving 
antenna, repositioning the antenna with respect 
to the transmitting antenna so the pick-up is re-
duced, or using wavetraps and line filters. 
When the t ransmitter is operated ni 28 Mc. 

or v.h.f., •• blanketing" by overloading 1. I. stages 
occurs rather rarely, and then only when the 
transmitting and receiving installations are lo-
cated exeeptionally close together. 

Audio-Circuit Rectification 

The most frequent g.ause of interferenee from 
operation at the higher frequencies is from 
rectification of a signal that by one tneans or 
another gets into the audio system of t he re-
ceiver. In the milder cases an a inplit ude-
nunlulated signal will be heard with reasonably 
good quality, but is not t unable -- t hat is, it 
is present no matter what the frequeney to 
which the receiver dial is set. An unmodulated 
carrier may have no observable effect in such 
cases beyond causing a little hum. However, if 
the signal is very strong then! will be a reduc-
tion of the audio out put level of the receiver 
whenever the carrier is thrown on. This causes 
an annoying " jumping" of the program when 
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the interfering signal is keyed. With 'phone 
transmission the change in audio level is not 
so objectionable because it occurs at less fre-
quent intervals. Also, ordinary rectification 
gives no audio output from a frequency-modu-
lated signal, so the interference can be made 
almost completely unnoticeable if FM or PM 
is used instead of AM. 

Interference of this type is most prevalent 
in a.c.-d.c. receivers. The pick-up may occur 
in the audio-circuit wiring or the interfering 
signal may get into t he audio circuits by way 
of the line cord. Power-line pick-up can be 
treated by means of line filters, but pick-up in 
the receiver wiring requires individual atten-
tion. Remedies that have been found successful 
are described in the seul ions following. 

• CHECKING AND CURING BCI 
When a case of broadcast interference comes 

to your attention, set a definite time to con-
duct tests and then prepare to do the job as 
expeditiously as possible. Provide yourself with 
one or two wavet raps and line filters, since they 
can be tried immediately without getting into 
the receiver. As suggested before, get anot her 
amateur to operate your transmitter while you 
do the actual observing and testing at the 
listener's receiver. The procedure outlined be-
low will save time in get ting at the source of 
t he t rouble and in sat isfactorily uliminat ing it. 

I) Determine wit( 4 her the interfen•n('e is 
tunable or not. This will usually indicate the 
met hods required for elimination of the trou-
ble, as it will show which of the general types 
of interference discussed above is present. In 
severe cases it is possible that two or more 
types will be present at the same time, and 
steps will be necessary to eliminate each type. 

2) If the set has an external antenna, dis-
connect it and turn the volume control up full. 
If the interference is no longer present, it is 
merely necessary to prevent the r.f. appearing 
on the antenna from entering the set. If wave-
traps reduce the amplitude of the interfering 
signal but do not eliminate it entirely, try a 
short piece of wire as a receiving antunna. 
Alternatively, the antenna may be relocated. 
It should be placed as far as possible from the 
transmitting antenna, and should run at right 
angles to it to minimize coupling. 

If the interference persists after the antenna 
is disconnected, the search is narrowed to an 
investigation of whether the signal is coming 
in on the power lines, or is being picked up 
directly on the receiver wiring. 

3) (leek for power-line interference by 
using a sensitive wavemeter such as t hat de-
seril)eil in the chapter on measurements to 
prol)e along the a.c. cord that connects the 
set to the power source. Checks should be 
made at the transmitter frequency, and also at 
harmonic frequencies. If r.f. is detected in the 
line, by-pass both sides of the a.c. line to 
ground with 0.005-afd. ceramic condensers at the 

point where the line cord enters the set. (A 
simple plug-and-socket adapter can be made 
up for this purpose.) If this does not completely 
eliminate the interference, try a line filter de-
signed for the operating frequency. 

4) If it is evident that the interference is 
being picked up on the receiver wiring, explain 
the situation to the owner and tell him that 
the exact cause cannot be determined without 
removing the chassis from the cabinet, and 
that, in any event, the receiver will have to 
be modified if the interference is to be eliminated. 
Recommend that the actual work be done by 
a radio serviceman. Offer to check into the cause 
yourself, if he will allow you to take the set to 
your shop (with the understanding that you will 
not make any changes in the receiver without his 
express permission) so the serviceman can be told 
what needs to be done. 

5) In the event that the owner allows you to 
take the receiver, set it up near your trans-
mitter and check to see if the amplitude of the 
interfering signal is changed by various settings 
of the receiver volume control. If it is, the r.f. 
is entering the set ahead of the volume control. 
If it is unaffected by the volume control, it is 
getting into the audio stages at a point following 
the volume control. 

6) Pin the source down, if it is ahead of the 
volume control, by removing one tube at a 
time until one is found that kills the interfer-
ence when it is removed. In sets using series-
connected filaments, this will be possible only 
if a tube of equal heater rating, and with all 
but the heater pins clipped off, is substituted 
for the tube. 

Detector — 1st. audio 
12%17 or equivalent 

lo 
chess's 

(A) 

Def ec tor — Isi audio 
I2SQ7 or eq ul vale nt 

Fig. 23-1 — Two methods of eliminating r.f. from the 
grid of a combined detector/first-audio stage. At A, the 
value of the grid leak is reduced to 2 or 3 megoluns, and 
a mica by-pass condenser is added. At B, both grid and 
cathode are by-passed. 

7) Determine which element (or elements) 
of the tube is picking up the interference by 
touching each tube pin with a test lead about 
three feet long. The lead, acting as an antenna, 
will cause the interference to increase when it 
is placed on a tube pin that is contributing to 
the interference. Once the sensitive points 
have been determined, the trouble can be elimi-
nated by shielding the leads connected to the 
tube element that is affected, and by shielding 
the tube itself. Grid leads are the principal 
offenders, especially the long leads that run 
from a tube cap to a tuning condenser. 

8) If the pick-up is found to be in the audio 
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system — as is the case in many sets, especially 
when the transmitter is operating at 28 Mc. or 
higher --- it can be eliminated by one or an-
other of the methods shown in Figs. 23-1 and 
23-2. Fig. 23-1A is a method that has proved 
successful with many ac.-d.c. receivers. 
The value of the grid leak in the combined 
glut rut or first-audio tube ( usually a 12SQ7 or 
its equivalent t is reduced to 2 or 3 megohms. 
Time grid is then by-passed for r.f. with a 250-
/Add. mica condenser. Fig. 23-1B is a similar 
method. A third method that has worked in 

Detector-Ist audio 
125C17 or equivalent 

7000IL 

Insert between grid 
and all other 

grid connections 

Fig. 23-2 — I.ing a 75,-
000-olun resistor to form 
a low -pass Idler with the 
t title ca plot t a mue. 'I'he 
resistor must be inounted 
at the tube pin, between 
the grid angl all other 
grid connections. 

a.c.-d.c. receivers requires only that the heater 
of the dutect ir first-audio stage be by-passed 
to ground with a 0.001-dd. con(lenser. The 
method slit twit in Fig. 23-2 uses a 75,000-ohm 

-watt resist or to form, with the tube capaci-
tance, a low-pass filter. The resistor is eon-
fleeted bet ween t he grid pin of the audio stage 
and all ',tiler wir,s vonneeted to the grid. In 
all cases, both sides of the a. e. line should be 
by-passed to chassis with 0.001- to 0.01-afd. 
condensers. 

Wavetraps and A. C. Line Filters 

A wavetrap consists of a parallel- tuned cir-
cuit that is connected in series with the broad-
cast antenna and the antenna post of the re-
ceiver. It should be designed to resonate at the 
frequency of the interfering signal. The circuit 
of a simple trap is shown in Fig. 23-3. If inter-
ference results from operation in more than one 
amateur band several traps may be connected 
in series, each tuned to the center of one of the 
bands in which operation is contemplated. To 

Ant 

Fig. 2.3-3 — A simple wavetrap circuit. L and C must 
resonate at the frequency of the interfering signal. 
Suitable constants are tabulated below. 

Hood 

3.3 

I I 
21 
28 

I 111 µdd. 
loll µel. 
50 »std. 
35 µµfil. 
25 µdd. 

16 µh., 32 turns #22. I" diarn., I" long 
6 19 422. I" I" 

3.5 I t 418, I" 1" 
2.2 12 418, I" I" 
1.5 9 #18. 1" 1rr 

L, 
nib 

A.C. 
Line 

To Set 

God. 

23-4 — A.c. line filter for receivers. 'I he values of 
CI. C2 and C3 are not generally critical; capacitances 
from 0.001 to 0.01 Add. can be used. Li and L2 can be a 
2-inch winding of No. 18 enameled wire on a half-inch 
diameter form. 

adjust the wavetrap, have another licensed 
amateur operate the transmitter while you 
tune the trap for maximum attenuation of the 
interference. 
A common form of a.c. line filter is shown in 

Fig. 23-4. This type of filter will usually do 
some good if t he signal is being picked up on 
t he house wiring and transferred to the set by 
way of the line cord. The values used for the 
coils and condensers are in general not critical. 

L2 
QU 00 0  

Fig. 23-5 — Resonant filter for the a.c. line, t single 
condenser tunes both Li and 1.2, which are unity - 
coupled, ong• wound on top of the other. Constants for 
amateur band- are tabulated below. 

hand C Li • L2 

3.5 

7 
It 
21 
28 

101 + ISO 
fixed) 

110 ward. 
100 µmt.'. 
50 µphi. 
25 µAl. 

25 t. No. 18. 11!&" ilia. X VS" long 

18 t. No.18.14." dia. X 2.," long 
12 t. No. 18. I dia. X V s" long 
10 t. No. 18, 1,4" ilia. X 2.a" hew 
9 1. N I, 18. I 12" giia. X 2'N '' long 

D.c.c. µire is recto llll ended for all coils. 

The effectiveness of the filter will depend con-
siderably on the ground connection used, and 
it may be necessary to try grounding to several 
different possible ground connections to secure 
t he best results. A filter of titis type will usually 
Ind be very helpful if the signal is being picked 
up on the line cord itself, which may be the 
case when the transmitter is on v.h.f. In such 
a case it should be installed inside the receiver 
chassis and grounded to the chassis at the 
point where t he line cord enters. 
The tuned filter shown in Fig. 23-5 is often 

more effective than the untuned type when 
only one frequency needs to be eliminated. 
After installation, the condenser is simply ad-
justed to reduce the interference to the great-
est possible extent. It is advisable to mount 
either type of filter in a small shield box, to 
prevent pick-up in the filter and to make it less 
conspicuous. 
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Interference with Television 
Interference with the reception of television 

sinals presents a much more difficult problem 
11 n interference with AM broadcasting. In BCI 
ta -s the interference almost always can be at-
tributed to deficient selectivity or spurious re-
muffles in the BC revolver. While similar defi-
deludes exist in many television receivers, it is 
also true that amateur transmitters generate 
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harmonies that fall inside many or all television 
channels. These spurious radiations cause inter-
ference that ordinarily cannot be eliminated by 
anything that may be done at the reed ver, so 
must be prevented at the transmitter it 
The relationship between television ehannels 

and harniol des of amateur bands from 1 I through 
28 Me. is sh(uvn in Fig. 23-6. Harmonies of the 
7- and 3.5- Me. bands are not shown beeause they 
fall in every television channel. Also, the har-
monics above 54 Mc. from these bands are of 
such high order that they are usually rather low 
in amplitude. They are not, however, too weak to 
interfere if the television receiver is quite dose 
to the amateur transmitter. Low-order harmonics 
— up to about the sixth — are usually the most 
difficult to eliminate. 
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1.25 MC. 
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Frequency Effects 
The degree to which transmitter harmonies 

must be suppressed or attenuated depends prin-
cipally on two factors, the strength of the TV 
signai on the channel or channels affected by 
harmonic radiation, and the relationship between 
the frequency of the harmonic and the fre-
quencies of the TV picture and sound carriers 

within the channel. If the TV 
signal is very strong, harmonic 
hiterfenqwe ran be eliminated by 
comparatively simple methods. 
However, if the TV signal is very 
weak, as in " fringe" areas where 
the received picture is visibly de-
grade (I by the appearance of set 
noise or " snow" on the screen, 
it may be necessary to go to ex-
trime measures. 

In eit.her ease the intensity of 
the interferenee depends very 
greatly on the ex:to frequency of 
the harmonic.. Fig. 23-7 shows 
the placement of the picture and 
sound carriers in the standard 
TV ehannel. In Channel 2, for 
example, the picture carrier fre-
queney is 51 -F 1.25 = 55.25 Me. 
and the sound carrier frequency 
is 60 — 0.25 = 59.75 Mc. The 
second harmonic of 28,010 lie. 
(56,020 ke. or 56.02 Me.) falls 
56.02 — 54 = 2.02 Mc. above 
the low edge of the channel and 
is in the region marked " Severe" 

in Fig. 23-7. On the other hand, the second har-
monie of 29,500 ke. (59,000 ke. or 59 Mc.) is 59 — 
54 = 5 Me. from the low edge of the channel and 
falls in the region market! " Mild." A harmonie on 
this frequeney has to be about 100 times as strong 
as the harmonic at 56,020 ke. to cause interference 
of equal intensity. In other words, an operating 
frequency that puts a harmonic near the picture 
carrier requires about 40 db. more harmonic sup-
pression in order to avoid interference, as com-
pared with an operating frequency that puts the 
harmonic near the upper edge of the channel. 

For a region of 100 kc. or so either side of the 
sound carrier there is another " Severe" region 
where a harmonic will interfere with reception 
of the sound program, and this region also should 
be avoided. In general, a harmonic of intensity 

1 2 3 4 5 

MODERATE 
77 -7 777(7,7 r 

MILD 

SOUND 
CARRIER 

0.25 
MC 

o 
MEGACYCLES FROM LOW EDGE OF TV CHANNEL 

6 

Fig. 23-7 — Location of picture and sound carriers in a television channel, and relative intensity 
of interference as the location of the interfering signal within the channel is varied without 
elianging its strength. The three regions are not actually sharply defined as shown in this 
drawing, but merge into one another gradually. 
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equal to that of the picture carrier will not cause 
noticeable interference if its foomeney is in the 
"Mild" region shown in Fig. 23-7, Ind the same 
harmonic intensity in the " Severe" region will 
utterly destroy the picture. 

Interference Patterns 

The visible effects of interference vary with the 
type and intensity of interference. Complete 
"blackout," where the picture and sound dis-
appear completely, leaving the screen dark, 
occurs only when the transmitter and reeeiver 
are quite close together. Strong interference or-
dinarily causes the picture to be broken up, huv-
ing a jumble of light and dark lines, or turns ti n 
picture " negative" — the normally white parts 
of the picture turn black and I In' normally black 
parts turn white. " Cross-hatching" — diagonal 
bars or lines in the picture — accompanies the 
latter, usually, and also represents the most com-
mon type of less-severe interference. The bars 
are the result of the beat between the harmonic 
frequency and the picture carrier frequency. 
They are broad and relatively few in number if 
the beat frequency is comparatively low — har-
monic near the picture carrier — and are nu-
merous and very fine if the beat frequency is 
very high — toward the upper end of the chan-
nel: Typieal cross-hatching is shawn in Fig. 23-8. 

Fig. 23-8 — "Crosshatching," caused by the beat be-
tween the picture carrier and an interfering harmonic 
inside the TS channel. 

If the harmonic falls in the " Mild" region in 
Fig. 23-7 the cross-hatching may be so fine as to 
be visible only on close insiwction of the picture, 
in which ease it may simply cause the apparent 
brightness of the screen to change when the trans-
mitter carrier is thrown on and off. 
Whether or not cross-hatching is visible, an 

amplitude-modulated transmitter may cause 
"sound bars" in the picture. These look about as 
shown in Fig. 23-9. They result from the varia-
tions in the intensity of the interfering signal 
when modulated, and since the audio frequenvies 
are below the television line frequeney the varia-
tions form horizontal liars. l'inkr most eircum-
stanres modulation bars will not occur if the 
amateur transmitter is frequency- or phase-
modulated. With these types of modulation the 
cross-hatching will " wiggle" from side to side 
with the modulation. 
Except in the more severe cases, there is seldom 

Fig. 23-9 — "Sound bars- or -modulation liars- aceom . 
panying amplitude modulation of an interfering signal. 
In this case the interfering carrier e glu to 
destroy the pieture, but in mild the picture is 
visible through the horizontal bars. Sinai(' bars may 
accompany modulation even though the unmodulated 
carrier gives no cro---batching. 

any effect on the sound reception when inter-
ference shows in the picture, unless the harmonic 
is quite close to the sound carrier. In the latter 
event the sound may be interfered with even 
though the picture is clean. 

Reference to Fig. 23-6 will show whether or not 
harmonies of the frequeney in use will fall in any 
television channels that van be received in the 
locality. It should be kept in mind that not only 
harmonies of the final frequeney may interfere, 
but also harmonics of any frequencies that may 
be present in buffer or frequency-multiplier 
stages. 

Harmonic Suppression 

Effective harmonic suppression has three sepa-
rate phases: 

11 Reducing the amplitude of harmoides 
generated in tlw transmitter. This is a matter 
of circuit design and operating con(litions. 

2) Preventing stray radiation from the 
transmittur anti fruit' associated wiring. This 
requires adeq I e le shielding and filt(oing of all 
circuits and leads from which radiation can 
take place. 

3) Preventing harmonics from being fed 
into the antenna. 

It is impossible to build a transmit ter that will 
not generate SOIlle harmonics, but it is obviously 
advantage(ms to reduce their strength, by ii 
cuit design and choice of operating conditions, 
by as large a factor as pi ›ssible before attempt-
ing to prevent them loon being radiated. 
Second-harmonic radiation from the transmitter 
itself or from its associated wiring obviously will 
cause interference just as readily as radiation 
from the antenna, so measures taken to prevent 
harmonics from reaching the antenna will not 
reduee TVI if the transmitter itself is radiating 
harmonics. 13ut once it has been found that the 
t ranstnit ter it is free fo mu harmonic radiat ion, 
devices fin. preventing harmonics from reaching 
the antenna can be expected to produce results. 

There is no magic " gimmick" that will elimi-
nate TVI caused by harmonics. The problem has 
to be worked on one step at a time. 
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e REDUCING HARMONIC 

GENERATION 

It,iliably-efficient operation of r.f. power 
amplifiers always is accompanied by harmonic 
generation, and in the case of frequency multi-
pliers the harmonic output is deliberately amen-
tuated by over-driving. From the standpoint of 
TVI reduction, good judgment calls for operating 
all frequency-multiplier stages at a very low 
power level — receiving tubes and plate voltages 
not exceeding 250 or 30(1. When the final output 
frequency is reached, it is highly desirable to use 
as few stages as possible in reaching the output 
power level, and to use tul es that require a mini-
mum of driving power. The smaller the number 
of stages operating at appreciable power levels, 
the smaller the number of points where damaging 
harmonics can be generated. 

Circuit Design and Layout 

Harmonic currents of cole,i lerable amplitude 
flow in both the grid and plate circuits of r.f. 
power amplifiers. They will do relatively little 
harm if they can be effectively by-passed to the 
cathode of the tube, but this is frequent Is Itilirult 
to do. Fig. 23-10A shows the path,. folli,wed by 
harmonic currents in an amplifier eircuit; because 
of the high reactance of the tank coil there is little 
harmonic current in it, so the harmonic currents 
simply flow through the tank condenser, the plate 
(or grid) blocking condenser, and the tube capac-
itances. The lengths of the leads forming these 
paths is of great importance, since the inductance 
in this circuit will resonate with the tube capac-
itance at some frequency in the v.h.f. range (the 
tank and blocking capacitances usually are so 
large compared with the tube capacitance that 
they have little effect on the resonant frequency). 
If such a resonance happens to occur at or near 
the same frequency as one of the transmitter 
harmonics, the effect is just the same as though a 
harmonic tank circuit had } Well deliberately 
introduced; the harmonic at that frequency will 
be tremendously increased in amplitude. 
Such resonances are unavoidable, but by keep-

ing the path from plate to cathode and from grid 
to cathode as short as is physically possible, the 
resonant frequency usually can be raised above 
100 Mc. in amplifiers of medium power. This puts 
it between the two groups of television channels. 
Except in very low power miniature-tube trans-
mitters, it is usually not feasible to raise the 
resonance above 216 Mc. 
Where physically-short return paths from plate 

or grid to cathode are difficult because of the 
shape and size of tubes and tank condensers, the 
arrangement shown in Fig. 23-10B is frequently 
helpful. Condensers C5 and C6 should be of the 
vacuum or tubular type and should be mounted 
as close as possible to the tube connections. They 
form resonant circuits in themselves with the 
tube capacitance, but generally at a sufficiently 
high frequency so that no harm is done. At lower 
frequencies than this self-resonance, they effec-
tively add to the tube capacitance and thus tune 

the inductance of the leads through the regular 
tank and blocking condensers to a considerably 
lower frequeney than the tube alone. The reso-
nance therefore can be shifted to a frequency 
below 54 Mc. and again is outside the TV range. 
This method is most useful at 3.5 and 7 Mc. It 
increases the tank capacitance to the point where 
there may be very little tank coil left, when the 
transmitter is used on 28 Mc., unless the leads 
are eliminated by using the shunting condenser 
as the tank condenser and adjusting the tank coil 
inductance to resonate, no regular tank condenser 
being used. 

It is easier to place grid-circuit v.h.f. resonances 
where they will do no harm if the amplifier is 
link-coupled to the driver stage, since this gen-
erally permits shorter leads and more favorable 
conditions for by-passing the harmonics than is 
the case with capacitive coupling. Link coupling 
also reduces the coupling between t he driver and 
amplifier at harmonic frequencies, thus prevent-
ing driver harmonics from being amplified. 
The inductance of leads from the tube to the 

tank condenser can be reduced not only by short-
ening but by using flat strip instead of wire con-
ductors. It is also better to use the chassis as the 
return from the blocking condenser to cathode, 
since a chassis path will have less inductance than 
almost any other form of connection. 
The v.h.f. resonance points in amplifier tank 

circuits can be found by coupling a grid-dip meter 
covering the 50-250 Me. range to the grid and 
plate leads. If a resonance is found in or near a 
TV channel, methods such as those described 
above should be used to move it well out of the 
TV range. The grid-dip meter also should be used 
to check for v.h.f. resonances in the tank coils, 
because coils made for 14 Mc. and below usually 
will show such resonances. If a resonance falls in a 
TV channel that is in use in the locality, changing 
the number of turns will move it to a frequency 
where it will not be troublesome. 

In many r.f. amplifiers the cathode connection 

(A) 

(B) 

Fig. 23-10 — (A) A v.h.f. resonant circuit is formed by 
the tube capacitance and the leads through the tank 
and blocking condensers. Regular tank coils are not 
shown, since they have little effect on such resonances. 
(B) L sing low-inductance condensers shunting the tube 
elements to lower the resonance point below the TV 
channels. Cs and Cs usually are 15 to 50 pad. and either 
of vacuum or tubular construction. 
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SINGLE- ENDED 

of the tube is below chassis while the plate (and 
sometimes the grid, ninnection frequently is 
above. In such a case the blocking einnlenser 
should be mounted bc/Dir chassis. If the ground 
return is made to the top, the r. f. current has to 
flow over the top and either through the hole for 
the tube socket or else entirely over the chassis 
surface before it reaches the cathode. This condi-
tion is highly undesirable not only because of 
v.h.f, resonances but because such chassis cur-
rents frequently cause instability in the amplifier. 
If the 1)y-past; condenser is mounted above, it 
should be connerted to the cathode by means of 
an insulated lead limning through the chassis by 
the shortest possible path. 

Operating Conditions 

Grid bias and grid eurrent have an important 
effect on the harmonie content of the r.f, currents 
in both the grid and plate circuits. In general, 
harmonic output increases as the grid bias and 
grid current are increased, but this is not neces-
sarily true of a particular harmonic. The third 
and higher harmonies, espevially, will go through 
fluctuations in amplitude as the grid current is 
increased, and sometimes a rather high value of 
grid current will minimize one harmonic as com-
pared with a low value of grid current. This 
characteristic can be used to advantage where a 
particular harmonic is causing interferenee, keep-
ing in mind that the operating conditions that 
minimize one harmonie may greatly increase 
anot her. 
For equal operating conditions, there is little 

Tank 
Circuit 

Tank 
Circuit  

PUSH- PULL 

Fig.23-11 — Harmonic traps in an amplifier plate circuit. 
L and C should resonate at the fri'ittii'itis of the liars 
n lllll ie to lw suppressed. C nue be a in- ti, 3O- fil. 
midget, and I. usually consists of 3 to 6 turns al t 

2 inch in diameter. The inductance should lw adjusted 
so that the trap re.:onates at about half capacity of C 
licfore leeing installed in the transmitter. It may be 
checked with a grid-dip meter. V‘ hen in place, it is 
adjusted for minimum interference to the TV picture, 

or no difference between single-ended and push-
pull amplifiers in res pert to harmonic generation. 
Push-pull amplifiers :In. frequently trouble-mak-
ers on even harmonies because with such ampli-
fiers the even-hannonip v,iltages are in phase at 
the ends of the tank circuit and hence appear 
with equal amplitude across the whole tank coil, 
if the center of the coil is not grounded. Under 
sueh eircumstannis the even harmonics can be 
coupled to the out put circuit through stray vapac-
itance between the tank and roupling coils. This 
does not occur in a single-ended amplifier if the 
coupling coil is place il at the eold end of the tank. 

Harmonic Traps 

If a harmonic in only one TV channel is par-
ticularly lmithersome -2 frequently the case when 
the transmitter operates on 28 Mc. -- its ampli-
tude can be titi uced by a very considerable factor 
if a trap tuned to the harmouic frequency is in-
stalled in the plate lead as shown in Fig. 23-11. 
At the harmonic frequency the trap represents 
a very high impedance and hence reduces the 
amplitude of the harmonic current flowing 
through the tank circuit. In the push-pull cireuit 
both traps have the saine constants. The I, .0 
ratio is not critical but a high-C circuit usually 
will have least effect on the performative of the 
plate circuit at the normal operating frequeney. 

Since there is a considerable harmonic voltage 
built up across the trap, there may be radiation 
from the trap unless the transmitter is well 
shielded. The traps should be placed so that 
there is no coupling between them and the am-
plifier tank circuit. 
A trap is a highly-selective device and so is 

useful only over a small range of freimencies. .1 
second- or third-harmonie trap on a 28-,1t'. tank 
circuit usually will not be effeetive over more 
than 50 ke, or so at the funilanaintal frequency, 
depending on how serious the interfereiwe is with-
out the trap. Because they are critical of adjust-
ment, it is bet ter to prevent TV I by other means, 
if possible, ilild 11S0 traps only as a last resort. 

• PREVENTING RADIATION FROM 
THE TRANSMITTER 

The extent to which harmonic interference will 
be caused by transmitter radiation depends on 
the operating frequency, the transmitter power 
level, the st rengt h of the teleyisimi signal, atol the 
distance between the transmitter and TV re-
ceiver, as well as on the strength of the harmonics 
generated in the transmitter. Transmitter it 

van be a very serious problem if the TV sig-
nal is marginal or below, if the TV receiver and 
amateur transmitter are close together, and if the 
transmitter is operated with high power on 28 Me. 

Shielding 

Direct radiation from the transmitter circuits 
and components can be prevented by proper 
shielding. To be effective, a shield must eom-
pletely enclose the eireuits and parts and inust 
have no openings that will permit r.f. energy to 
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Fig. 23-12 Proper method of lis -passing the end if a 
shielded lead. hir eit her a.e. or d.c, leads at voltages of 
6011 or less. The disk ceramic condenser, 0.001 ufil., has 
its leads s. rap prol around the inner and outer conductors 
and soldered. .o that the lead length is negligible. The 
in-inch size i,indenser should be used. This photograph 

is about four times actual size. 

escape. Unfortunately, ordinary metal boxes and 
cabinets do not provide good shielding, since such 
openings as louvers, lids, holes for running in 
connections, and so on, allow far too much leak-
age. 
A primary requisite for good shielding is that 

all joints must make a good electrical connection 
along their entire length. A small slit or erack 
will let out a surprising amount of r.f. energy; so 
will ventilating louvers and large holes such as 
those used for mounting meters. On the other 
hand, small holes do not impair the shielding 
very gmatly, and a limited number of ventilating 
holes may be used if they are small — not over 

inch in diameter. Also, wire screen makes quite 
effective shielding if the wires make good electrical 
connection where they cross over, so the leakage 
through large openings can be very much re-
duced by covering sue') openings with screening, 
well boto hi to all edges of the opening. 
The lilt ensity of r.f. fields about coils, condens-

ers, tubes and wiring decreases very rapidly with 
distanee, so shielding is more effective, from a 
practical standpoint, if the components and wir-
ing are not too close to it. Hence it is advisable to 
have a separation of several inches, if possible, 
bet ween " hot" points in the circuit and the near-
est shielding. 

For a given thickness of metal, the greater the 
conductivity the better the shielding. Copper is 
best, with aluminum, brass and steel following it) 
that order. However, the material used is not 
especially important, practically, if the thick-
ness is adequate for structural purposes (over 

Fig. 23-14— Additional r.f, filtering of sup-
ply leads may be required in regions where 
the TV signal is % cry weak. The r.f. choke 
should he phvsicallv small, and rnav consist 
of a 1-inch winding of No. 26 enaniCled wire 
on a Ye inch form, close-wound. Nlanufac-
hired single-layer chokes having an induct-
ance of a few microbenrys also may be used. 

Fig. 23-13 — By-its-- rug the end of a high-voltage lead. 
The end of the shield braid is soldered to a lug fa-,timed 
to the chassis directly underneath. The other ti.rininal 
of the condenser is similarly bolted directly to the 
chassis. ‘N lien the by -pa-- is used at a terminal cornier-
'  block the luit' lead - Initald lie soldered directly to 
the termin.d. if possible. lint in any event connected to 
it by a ver short lead. 

0.02 inch) and the shield and a "hot" point in 
the circuit are not in close proximity. Greater 
separation should be used with steel shielding 
than with the other materials not only because it 
is considerably poorer as a shield but also be-
cause it will cause greater losses in near-by cir-
cuits than would copper or aluminum at the 
same distance. \Vire screen used as a shiel(' 
should also he kept at some distance from bight 
voltage or high-current r.f. points, since there is 
considerably more leakage through the mesh 
than through solid metal. 
Where two pieces of metal join, as in forming a 

corner, they should overlap at least a half ineh 
atol be fastened together firmly with screws or 
bolts spaced at close-enough intervals to main-
tain firm contact all along the joint. Ti“. contact 
surfaces should be clean before joining, atol 
should be checked occasionally — especially steel, 
which is almost certain to rust after a period of 
time. 

Lead Treatment 

Even very good shielding ( tttn hp made com-
pletely useless when connections an run from 
external power supplies and ot her equipment to 
the circuits in sit le the shield. Every conductor so 
introduced into t he shielding forms a path for the 
ese.ape of r.f., which is then radiated by the con-
necting wires. Hence a step that is essential in 
every case, and more important than the shield-
ing itself in most, is to prevent harmonic currents 
from flowing on the leads leaving the shielded 
enclosure. 

skiddeltezi 

lérysIwd 
lead 
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Shield or 
--- Chassis wall 

INSIDE OUTSIDE 

Bond Bond all 
around 

Fig. 23-15 — The best method of using the "uy pass" 
type feed-through condenser. Capacitances of 0.01 to 
0.1 pfd. are satisfactory. Condensers of this type are 
useful for high-current circuits, such as filament and 
115-volt leads, as a substitute for the r.f. choke shown 
in Fig. 23-14, in cases where additional lead filtering is 
needed. 

Harmonic currents always flow on the d.c. or 
a.c. leads mainecting to the tube circuits. A very 
effective means of preventing such currents from 
being eimpled into other wiring, and one tlmt 
provides desirable by-passing as well, is to use 
shielded wire for all such leads, maintaining the 
shielding from the point where the lead conneets 
to the tube or r.f. circuit right through to the 
point where it is about to leave the chassis. The 
shield braid should be grounded to the chassis at 
both ends and at frequent intervals along the 
path. 

Gooilliy-passing of shiehled leads also is essen-
tial. Bearing in mind t hat the shield brahl about 
the conductor confines t he harmonic currents to 
the inside of the shielded wire, the object of by-
passing is to prevent their eseape. Figs. 23-12 and 
23-13 show the proper way to by-pass. The small-
type 0.001-afd. ceramic disk condenser, when 
in. (milted on the end of the shiehled wire as shown 
in Fig. 23-12, actually forms a series-resonant 
circuit in the 54-88-Me, range and thus repre-
sents practically a short-circuit for TV harmonics. 
These condensers may be used on all leads op-

-.Metal Panel 

Slueld aroufrzel 
meter 

o ooi Disc 
ceramic 

Band to panel or meter 
shield here 

Fig. 23-16 — Meter shielding and by-passing. It is 
essential to shield the meter  ting hole since the 
meter will earr . r.f, through it to be radiated. Suitable 
shields can be made from 2! or 3-inch diameter shield 
cans of the type made for enclosing coils. 

crating at 6110 volts or less. The exposed wire to 
the connect ion terminal should be kept as short 
as is physirally possible, to prevent any possible 
harmonic pick-up exterior to the shielded wiring. 
For higher voltages the shielded lead should be 
by-passed as shown in Fig. 23-13, mounting the 
condenser flat against the chassis and grounding 
the end of the shield braid directly to chassis, 
keeping the exposed part as short as possible. 
Either 0.001-pfd. or 470-µafd. (500 µdd.) con-
densers should be used. The larger capacitanee is 
series-resonant in Channel 2 and the smaller in 
Channel 6, so the capacitance should be chosen 
according to which channel needs the most 
protection. 

These by-passes are essential at the connection-
block terminals, and desirable at the tube ends 
of the hmds also. Installed as shown with shielded 

Fig. 23-1 7 1 metal cabinet can be an adequate shield, 
hut there will still he radiation if the leads inside can 
pick up r.f. from the transmitting circuits. 

wiring, they have been found to be so effective 
that then is usually no need for further harmonic 
filtering. I lowever; if a test shows that additional 
filtering is required, the arrangement shown in 
Fig. 23-14 may be used. Soil an r.f. filter should 
be instalh.d at the tube i.tal if the shielded lead, 
and if more than one eh -cuit is filtered care should 
be taken to keep the r.f. chokes separated from 
each other and so oriented as to minimize coupling 
bet \ VI'I them. This is necessary for preventing 
harmonies present in one circuit from being 
coupled into another. 

As an alternative to the series-resonant by-
passing described above, feed-through type con-
densers such as the Sprague " Bypass" type may 
be used as terminals for external connections. 
The effectiveness of these condensers may be 
largely nullified if the wiring to them is not rom-
pletely shielded, especially on the side going to 
the connection terminal. The ideal method of 
installation is to mount them so they protrude 
through the chassis, with thorough bonding to 
the chassis all around the hole in which the con-
denser is mounted. The principle is illustrated in 
Fig. 23-15. 
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NIeters that are mounted in an r.f. unit should 
be enclosed in shielding covers, the connections 
Iwing made with shieldol wire with eaeh b-ad 
by-passed as deseribed above. The shield braid 
should be grounded to the panel or ehassis im-
mediately outside the meter shield, as indicabd 
in Fig. 23-16. A by-pass may also be vonnected 
across the ineter t2rminals, principally to prevent 
any fundament il eurn-nt that May ht. prVsell t 
from flowing through the meter itself. As an alter-
native to individual meter shielding the meters 
may be mounted entirely behind the panel, and 
the panel holes needed for observation may be 
eovend with wire sereen that is can-fully Innided 
to the panel all around the hole. 
Care should be used in the selection of shit- bled 

%vire for transmitter use. Not only should the in-
sulation be conservatively rated for the d.c. volt-
age in use, but the insulation should be of ma-
terial that will not easily deteriorate in soldering. 

Output Stage 

Ó4] -11 
Coaxial 

Line 

Antenna Tuner 

Lamp 

big. 23-18 — tttttt nv..antenna circuit for checking liar-
'  radiation &mil the tran.tnitter and leads. The 

matching circuit helps present harmonics ill the output 
of the transmitter from flossing bark oser the trans. 
'flitter itself, which may occur if the lamp load is simply 
connected to the output coil of the final amplifier. See 
tran.inissionline chapter for detail. of the matching 
circuit. Tuning must be adjusted by rut-and-try, as the 
bridge met hod de.eribed in the transmission Aine chapter 
will not work with lamp loads because of the change in 
resistance when the lamps are hot. 

For high voltages, automobile ignition cable cov-
ered with shielding braid is recommended. Where 
the wiring crosses or runs parallel, the shields 
should be spot-soldered together and connia-641 
to the chassis. 

Proper shielding of the transmitter requires 
that the r.f. circuits be shielded entirely from the 
external connecting leads. A situation such as is 
shown in Fig. 23-17, where the leads in the r.f. 
chassis have been shielded and properly filtered 
but the chassis is mounted in a large shield, simply 
invites the harmonic currents to travel over the 
chassis and on out over the leads outside the 
chassis. The shielding about the r.f. circuits 
should make complete contact with the chassis 
on which the parts are mounted. 

Checking Transmitter Radiation 

A check for transmitter radiation always should 
be made before attempting to use low-pass filters 
or other devices for preventing harmonics from 
reaching the antenna system. The only really 
satisfactory indicating instrument is a television 
receiver. In regions where the TV signal is strong 
an indicating wavemeter such as one having a 
crystal or tube detector is useful in a negative 
sense. That is, if it is possible to get any indica-
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tic in at all on Tv harmonies either on supply 
leads or around the transmitter itself, the har-
monies are probably strong enough to cause 
interferenee, but the absence of any such indira-
tion does not mean that harmonic interference 
will not be caused. If the terhniques of shielding 
and lead filtering described in the preceiling sec-
tion are followed, the harmonic intensity on any 
external leads should be far below wino any such 
instruments can detect, so they are useful chiefly 
to determine whether some really bad error has 
been made. 

Radiation checks should be made with the 
transmitter delivering full power into a dummy 
antenna, such as an incandescent lamp of suitable 
power rating, preferably installed inside the 
shielded enclosure. If the dummy must be ex-
ternal, it is desiral& to connect it through a coax-
matching circuit such as is shown in Fig. 23-18. 
Shielding the dummy antenna circuit is also de-
sirable, although it is not always necessary. Make 
thi. radiation test on all frequencies that are to 
be used in transmitting, and note whet lit-r or not 
interference patterns show in the received pic-
ture. (These tests must be made while a TV signal 
is being received, since the beat patterns will not 
be formed if the TV picture carrier is not present.) 
If interference exists, its source can be detected 
by grasping the various external leads (by the 
insulation, not the live wire!) or bringing the 
hand near meter faces, louvers, and other pos-
sible points where harmonic energy might escape 
from the transmit ter. If any of these tests cause a 
change — not necessarily an inn-ease — in the 
intensity of the interference, t he presence of har-
monics at that point is indivaied. The location 
of such " hot" spots usually will point the way 
to the remedy. 
As a final test, connect the antenna or trans-

mission line terminals to the outside of the 
transmitter shielding. Intcrference created when 
this test is applied indicates that weak currents 

Link 

ACTUAL 

Zink Line 

UnIcnown EQUIVALENT 
Leayth 

Actual 6/7 1-.4 

Fig. 23-19 — The stray capacitive coupling between 
coils in the upper circuit leads to the equis aient circuit 
shown below, for v.h.f. harmonics. 
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are on the outside of the shield and can be con-
ductei I to t he antenna when the normal antenna 
c.innertions are used. Currents of this nature 
represiqit interference that can be conducted 'wit. 
low-pass filters, etc., and which therefore cannot 
be eliminated by such filters. 

• PREVENTING HARMONICS FROM 
REACHING THE ANTENNA 

rw third and last step in reducing harmonic 
TVI is to keep the harmonics generated in the 
final stage frimi traveling over the transmission 
line to the antenna. It is seldom 
worthwhile even to attempt this 
until the radiation from the trans-
mitter and its eimiweting leads has 
been reduced to the point where, 
with the transmitter delivering full 
power into a dummy antenna, it has 
been determined by actual testing 
with a television receiver that the 
radiation is below the level that 
can catise irtterference. If the 
dummy ant (» mitt test shows enough 
radiation to be seen in a TV picture, 
it is a practical certainty that har-
monics will be coupled to the an-
tenna system no matter what pre-
ventive measures are taken. 

In inductively-coupled output systems, some 
harmonic energy will be transferred front t he final 
amplifier through t he nuit um I inductance but wpm 
the tank coil and the output coupling coil. Har-
monics transferred in this way are not too hard 
to handle, and can be greatly reduced by pro-
viding sufficient selectivity bet iveen the final tank 
and the transmission line. A good deal of selectiv-
ity, amounting to 20 to 30 db. reduction of the 
second harmonic and much higher reiluction of 
higher-order harmonics, is furnished by a match-
ing circuit of the type shown in Fig. 23-18 and 
descrilied in the chapter on transmission lines. 
An -tintenna coupler' is therefiwe a worthwhile 
addition to the transmitter. 

Capacitive Coupling 

Harmonies transferred from the tank by stray 
capacitance are not suppressed by an antenna 
coupler to the sanie extent as those transferred 
by pure inductive coupling. The upper drawing 
in Fig. 23-19 shows the link-coupled system as 
it might be used to couple into a parallel-conduc-
tor line. Inasmuch as a coil is a sizable metallic 
object, it will have caparit:tn i to any other 
metallic objects in its viiinity including other 
coils. Co isequently there i .a.p tritance between 
the final tank coil and its assiwiated link coil, and 

(c) 

/nn er conductor 
soldered to cable shield 

betwseen the antenna tank coil and its link. En-
ergy coupled through these capaeitances travels 
over the link i•irpuit and the transmissii in lice as 
though these were merely single conductors. 
The tuned circuits simply act as masses of metal 
and offer no selectivity at all l'or eapacity-roupled 
energy. Although the actual capacitances are 
small, they offer a very good coupling medium 
for frequencies in the v.h.f, range. 

hl:icit ill' vimpling can be redueed by coupling 
to a -cold point on the tank roil - t he end con-
nected to ground or cathode in a single-ended 
stage. In push-pull circuits having a split-stator 

Co-ax 

To 
Zink 

Fig. 23-21 — Shielded emipling roil constructed from Il axial cable. 
The smaller sizes of eable such a- Ift;-59/1.1 are most convenient when 
the coil diameter is 3 inches or le--, because of greater flexibility. For 
larger coils 11G-8/L. or lit; - I I l can he used. 

condenser with the rotor grounded for r.f., all 
parts of the tank coil are " hot" at (wen har-
monics, but the center of the coil is " cold" at the 
fundamental and odd harmonics. If this center 
of the tank coil, ra t her than the rotor of the tank 
condenser, is grounded through a by-pass con-
denser the center of the coil is " cold" at all fre-
quencies, but this arrangement is not very de-
sirable because it causes the harmonic currents to 
flow through the coil rather than the tank con-
denser and this increases the harmonic transfer 
by pure inductive coupling. 
With either single-ended or balanced tank cir-

cuits the coupling eoil shotild be grounded to the 
chassis liv a short, direct ciameetion as shown in 
Fig. 23-29. If the coil feeds ; lb:thrived line or link, 
it is preferable ti) ground its center, but if it feeds 
a coax line or link One side may be grounded. 
Giaxial out is much prefer:tide to balanced 
output, because the harmonics have to stay 
inside a properly installed coax system and tend 
to be attenuated by the cable before reaching the 
antenna coupler. 

At high frequencies -- 28 and possibly 14 Mc. 
- - capacitive coupling can be greatly reduced by 
using a shielded coupling coil as shown in Fig. 
23-21. The inner conductor of a length of coaxial 
cable is used to form a one-turn coupling coil. The 

Fig. 23-20 — Methods of coupling 
and grounding link circuits to refinee 
capaeitive vomiting between the tank 
anal link coil-. \14 here the link is 
wound over one end of the tank coil 
the side toward the hot end of the 
tank si Id he gr li-d, as shown 
at It. 
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(A) 

(B) 

(c) 

Fig. 23-22 — Right (B) and wrong (A and C) ways to 
connect a coaxial line to the transmitter. In either A or 
C, harmonic energy coupled by stray capacitance to the 
outside of the cable will flow withenit hindrance to the 
antenna system. In B the energy cannot leave the shield 
and hence can flow out only through, not oser. the cable. 

outer conductor serves as an open-circuited shield 
around the turn, the shield being grounded to 
the chassis. The shielding has no effect on the 
inductive coupling. Because this construction is 
suitable only for one turn, the coil is not well 
adapted for use on the lower frequencies where 
many turns are required for good coupling. 
Shielded coupling coils having a larger number 
of turns are available commercially. A shielded 
eoil is particularly useful with push-pull ampli-
fiers when the suppression of even harmonies is 
importeuit. 
A shielded coupling coil ot• coaxial output will 

not prevent stray capacitive coupling to the an-
tenna if harmonic eurrents can flow over the 
outside of the coax line. In Fig. 23-22, the arrange-
ment at either A or C will allow r.f. to flow over 
the outside of the cable to the antenna system. 
The proper way to use coaxial cable is shield the 
transmitter completely, as shown at B, and make 
sure that the outer conductor of the cable is a 
continuation of the transmitter shielding. This 
prevents r.f. inside the transmitter from getting 
out by any path except the inside of the cable. 
Harmonics flowing through a coax line can be 
stopped from reaching the antenna system by an 
antenna coupler or by a Ite\-i,as installed 
in the line. 

Low-Pass Filters 

A low-pass filter properly installed in a coaxial 
line, feeding either a matching circuit (antenna 
coupler) or feeding the antenna directly, will pro-
vide very great attenuation of harmonics. The 
coax-coupled matching-circuit arrangement is 
highly recommended when the main transmission 
line is of the parallel-conductor type. 
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A properly-th.sigiusl low-pass filter will not 

introduce appreeiable power loss at the funda-
mental fretmeney it' the coaxial line in which it is 
inserted is terminated so that the s.w.r. is low. 
The s.w.r. can easily I n• measured by means of a 

bri(Ige as ( Itscribed in the chapters on 
measurements and transmission lines. Such a 
filter has the property of passing without loss all 
frequeneies below its " cut-off" frequency, but 
simultainnnisly has large at fin. all fre-
quetwies above the out-off frequency. space 
does not permit a complete description here, but 
tk,tailetl information, including simplified design 
methods, can be found in a series (-)f articles in 
QST (Grammer, " Eliminating TVI with Low-
Pass Filters," QST, in three parts, February, 
March, and April, 1950). 

Low-pass filters of simple and inexpensive con-
struction are shown in Figs. 23-23 and 23-25. 
These are designed to use mica condensers of 
readily-available capacitance values, for com-
pactness and low cost. Both use the same cir-
cuit, Fig. 23-24, the only difference being in the 
L and C values. Technically, they are three-sec-
tion filters having two full constant-k sections 
and two in-derived terminating half-sections, 
and their attenuation in the 54-88-Mc, range 
varies from over 50 to nearly 70 db., depending 
on the frequem•y and the particular set of values 
used. Above 174 Mc, the theoretit.al attenuation 
is l)etter than 85 db., but will depend somewhat 
on internal resonant conditions associated lwin-
eipallv with the lead lengths to the condensers. 
These leads should be kept as short as is pity-
skulk. possible. 
The power that these filters can handle safely 

is determined by the voltage and current limita-
tions of the mica condensers. These limitations are 

Fig. 23-23 — An inexpensive low-pass filter using silver-
mica postage-stamp condensers. The box is a 2 by 4 by 6 
aluminum chassis. Aluminum shields, bent and folded 
at the sides and bottom for fastening to the chassis, 
form shields between the filter sections. The diagonal 
arrangement of the shields provides extra room for the 
ends and makes it easier to fit the shields in the box, 
-ince bending to exact dimensions is not essential. The 
bottom plate, made from sheet aluminum, extends a 
half inch beyond the ends of the chassis and is provided 
with mounting holes in the extensions. It is held on the 
chassis with sheet-metal screws. 
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such that the power capacity is least at the high-

est frequency. The unit using postage-stamp 
silver mica condensers is capable of handling ap-
proximltely 50 watts in the 28- Me. band, when 
working into a properly-matched line, but is 
good for about 150 wat t s it 21 Me. and 300 wat Is 
at 14 Mc. and lower frequencies. The unit, wit h 
the larger mica condensers (case-type CM-45) 

will carry about 250 watts safely at 28 Me., this 
rating increasing to 500 watts at 21 Mc. and a 
kilowatt at 14 Mc. and lower. If there is an ap-
preciable mismatch between either filter and the 
line into which it works, these ratings will be 
considerably decreased, so in order to avoid con-
denser failure it is highly essential that the line 
on the output side of the filter be carefully 

matched by its load. This can be done with an 
s.w.r. bridge, and the matching is easy to control 
if the line from the filter terminates in a matching 
circuit of the type described in the chapter on 

transmission lines. 
The power capacity of these filters can be in-

Fig. 23-24 — Low-pass filter circuit for attenuating 
harmonics in the TV bands. h and ./2 are chassis-type 
coaxial connectors. In the table below the letters refer 
to the following: 
A — Constructed as in Fig. 23-23, using 100- and 70-

sad. 500-volt silver mica condensers in parallel for 
C2 and Ca. 

B — Same as A but with 70- and 50-msfd. silver mica 
condensers in parallel for C2 and Ca. 

C — Constructed as in Fig. 23-25, using 100- and 50-
»dd. mira condensers, 1200-volt (case-style CM-
45) in parallel for C2 and Ca. 

D and E — Constructed with variable condensers, 
500- to 1000-volt rating, adjusted to values given. 

A B CD E 

Z. 52 75 52 52 75 ohms 

.1'. 36 35.5 41 40 40 Mc. 

fo 44.4 47 54 50 50 Mc. 

fl 25.5 25.2 29 28.3 28.3 Mc. 

12 32.5 31.8 37. 5 36.1 36.1 Mc. 

Ci, C.4 50 40 50 46 32 ppfd. 

C2, C3 170 120 150 154 106 sad. 

Li, L5 51/¡ 6 4 5 6M turns* 

L2, L4 8 111 7 7 91/2 turns* 

L3 9 13 8 81A 11 turns* 

* No. 12 or No. 14 wire, 32 inch inside diameter, 8 
turns per inch. 
1 A 9-turn coil with closer turn spacing to give the 

same inductance is shown in Fig. 23-23. 

Fig. 23-25 — Low-pass filter using case-type CM-45 
condensers. The box is a 2 by 5 by 7 aluminum chassis, 
fitted with a bottom plate of similar construction to the 
one used in Fig. 23-23. 

creased considerably by substituting r.f. type 
fixed condensers (such as the Centralab 850 series) 
or variable air condensers, in which event the 
power capability will be such as to handle the 
maximum amateur power on any band. The con-
struction can be modified to accommodate either 
of the latter types of condenser, using a similar 
layout in a larger box. 

Using condensers of standard tolerances, there 
should be little difficulty in getting proper filter 
operation. A grid-dip meter with an accurate 
calibration should be used for adjustment of the 

coils. First, wire up the filter without L2 and L4. 
Short-circuit J1 at its inside end with a screw-
driver or similar conductor, couple the grid-dip 
meter to L1 and adjust the inductance of LI, by 
varying the turn spacing, until the circuit res-
onates at .foo as given in the table. Do the same 
thing at the other end of the filter with L5. Then 
couple the meter to the circuit formed by L3, 
C2 and C3, and adjust L3 to resonate at the fre-
quency ft as given by the table. Then remove L3, 
install L2 and L4 and adjust L2 to make the cir-
cuit formed by LI, L2, C1 and C2 (without the 
short across JO resonate at t2 as given in the 
table. Do the saine with L4 for the cireuit formed 
by L4, L5, C3 and C4. Then replace L3 and check 
with the grid-dip meter at any coil in the filter; 
a distinct resonance should be found at or very 
close to the cut-off frequency, h. The filter is then 
ready for use. 
The filter constants suggested at D and E in 

Fig. 23-24 are based on the optimum design for 
good impedance characteristics — that is, with 
nt -= 0.6 in the end sections — and a cut-off fre-
quency below the current RTMA standard if. 

for television receivers (sound carrier at 41.25 
Mc.; picture carrier at 45.75 Mc.). This is to 
avoid possible harmonic interference from 21 
Mc. and below to the receiver's intermediate 
amplifier. The other designs similarly cut off at 
41 Mc. or below, but m in these cases is neces-
sarily based on the capacitances available in 
standard fixed condensers. 
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Coax 
FILTER 

Line 

Antenna' 
Coupler 

Fig. 23-26 — The i roper method of installing a low-pass filter between 
the transmitter am antenna coupler or matching circuit. Hale antenna 
is fed through coax the matching circuit ma, be "tted but the same 
construction should be used between the transmitter and filter. The 
filter should be thorough -Melded. 

Filter Installation 
In order to give the harmonic attenuation of 

which it is capable, a low-pass filter must be in-
stalled in such a way that all the output of the 
transmitter flows through it. If harmonic currents 
are permitted to flow on the outside of the con-
necting coaxial cables, they will simply flow over 
the filter and on up to the antenna, and the filter 
does not have an opportunity to stop them. That 
is why it is so important to reduce the radiation 
from the transmitter and its leads to negligible 
proportions. 

Fig. 23-26 shows the proper way to install a 
filter between a shielded transmitter and a match-
ing circuit. Note that the coax, together with the 
shields about the transmitter and filter, forms a 
continuous shield to keep all the r.f. inside, It is 
thus forced to flow through the filter anti the 
harmonics are attenuated. If there is no harmonic 
energy left after passing through the filter, shield-
ing front that point On is not tweessary; eonse-
quently, the matching circuit or antenna roupler 
does not need to be shielded. However, the 
antenna-coupler chassis arrangement shown in 
Fig. 23-26 is desirable because it will tend to 
prevent fundamental-frequency energy from flow-
ing from the matching circuit back over the 
transmitter; this helps eliminate feed-back trou-
bles in audio systems. 

If the antenna is driven through coaxial line 
the matehing circuit shown in Fig. 23-26 mai' 
he omitted. In that case the line goes directl• 
from the filter to the antenna. 
When a filter ( loes not seem to give the har-

monic attenuation of which it should be capalile, 
the probable reason is that harmonies are by-
passing it bevause of impr(I ter installation and 
inadequate transmitter shielding, including lead 
filtering. However, there are occasionally eases 
where the circuits formed by the connecting 
cables awl the apparatus to which they conneet 
become resonant at a harmonic frequ(ncy. This 
greatly ittoreas(is the harmonic output at that 
freiplency and the over-all attenuation suffers. 
Such troubles van be completely overcome by 
substituting a slightly different eable length. The 
most ern ietil length is that mimeo ing the trans-
mitter to the filter. Cheeking with a grid-dip 
meter at the final amplifier output coil usually 
wit! show whether an unfavorable resonanee of 
tie- t • pe exists. 

• SUMMARY 
The methods of harmonic elimination outlined 

in titis chapter have been proved beyond doubt 

to be effective even under highly 
unfavorable conditions. It must be 
emphasized once more, however, 
that the problem must be solved one 
step at a time, and the procedure 
must be in logical order. It cannot 
be done properly without a few items 
of simple equipment. These are: 

1) A grid-dip meter and wave-
meter covering the TV bands. 

2) A dummy antenna. 
The proper procedure may be summarized as 

follows: 
1) Take a critical look at the transmitter on 

the basis of the design considerations outlined 
under " Reducing Harmonic Generation". 

2) Check all circuits, particularly those con-
nected with the fined amplifier, with the grid-dip 
meter to determine whether there are any reso-
nances in the TV bands. If so, rearrange the cir-
cuits so the resonances are moved out of the 
critical frequency region. 

3) Connect the transmitter to the dummy an-
tenna and check with the wavemeter for the 
presence of harmonics on leads and around the 
transmitter enclosure. Seal off the weak spots in 
the shielding anti filter the leads until the wave-
meter shows no indication at any harmonic 
frequency. 

4) At this stage, check for interference with a 
TV reeeiver. If there is interference, determine 
the cause by the methods described previously 
awl apply the recinnmended remedies until the 
interference disappears. 

5) \V hen the transmitter is completely clean 
on the dummy antenna, connect it to the regular 
antenna and check for interference on the TV 
nu.eiver. If the interference is not had, an antenna 
coupler or nialching circuit installed as previously 
described should clear it up. Alternatively, a low-
pass filter may be used. If neither the antenna 
coupler nor filter makes any difference in the inter-
ference, the evidence is strong that the inter-
ference, at least in part, is being caused by 
receiver overloading because of the strong funda-
mental-frequency field about the TV antenna 
mid receiver. (See later sert ion for identification 
of fundamental-frequency interference.) A cou-
pler anti or filter, installed as described above, 
will invariably make a difference in the intensity 
of the interference if the interference is caused by 
transmitter harmonies alone. 

6) If there is still interference after installing 
the coupler and or filter. and the evidence shows 
th:tt it is probably raused by a harmonic, more 
;it teimation is needed. A more elaborate filter 
may be necessary. However, it is well at this stage 
to assume that part of the interferenve may be 
eaused by reveiver overloading, and take steps to 
alleviate swill a oinditi,in before trying highly-
elaborate filters, traps, ( le., on the transmitter. 

Harmonics by Rectification 

Even though the transmitter is completely 
free from harmonie output it is still possible for 
interference to occur because of harmonics gen-
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erated outside the transmitter. These result from 
rectification of fundamental-frequency currents 
induced in conductors in the vicinity of the 
transmitting antenna. Rectification can take 
plare at any point where two conductors aro in 

elect rival contact, a condition that fre-
quently exists in plumbing, downspouting, BX 
cables crossing each other, and numerous other 
places in the ordinary residence. It also can occur 
in any exposed vacuum tubes in the station, in 
is over supplies, speech equipment, etc., that may 
not be enclosed in the shielding about the r.f. 
circuits. Poor joints anywhere in the antenna 
system are especially had, and rectification also 
may take place in the contacts of antenna change-
over relays. Another common cause is overload-
ing the front end of the communications receiver 
when it is used with a separate antenna (which 
will radiate the harmonics generated in the first 
tube) for I ireak-in. 

Rectification of this sort will not only cause 
harmonic interference but also is frequently re-
sponsible for en iss-modulation effects. It can be 
detected in goiater or less degree in most loca-
tions, but fortunately the harmonics thus gen-
erated are not usually of high amplitude. how-
ever, they can cause vonsiderable interference in 
the immediate vipinit y in fringe areas, especially 
when operation is in the 28-Me. band. The 
amplitude decreases rapidly with the order of the 
harmonic, the second and third being the worst. 
It is ordinarily found that even in cases where 
destructive interference results from 28- Mc. oper-
ation the interference is comparatively mild from 
I-1 Mc., and is negligible at still lower frequencies. 
There is nothing that can be done at either the 

transmitter or receiver when rectification occurs. 
The remedy is to find the source and eliminate 
t he poor contact I'll lier by separating the conduc-
tors or bonding them together. A crystisl wave-
meter (tuned to the fumlamental frequ('ncy) is 
useful for hunting tlw source, by showing which 
conductors are carrying r.f. and, comparatively, 
how much. 

300-ohm 
line to ant. 

10,91d. 

Each coil 8 turns No.I4, 
diameter*, length 
tapped at center. 

To wat r 
pipe grid. 

75-ohm 
coax to 

ant 

10)91d. 

t00)xpfd. 500fd 103)9fd 

I 
Each coil 3 turns No 14, 
diameter f, 8 turns per inch. 

Fig. 23-27 — 11igh•pa.., filteru for imitallation at the TV 
reeeiver antenna terminals. A — balanced filter for 100-
ohm line, it — for 77,-olint coaxial line. Important: Do 
not use a il net grounil int an a.r.-d.c. chassis. Ground 
through a 0.001-ad. mica condemer. 

Ant. terminals 
on TV rc,ir 

(A) 

Ant. terminals 
on TV rcvr. 

o 
God 

(B) 

Interference of this kind is frequently inter-
mittent, since the rectification efficiency will 
vary with vibration, the weather, and so on. The 
possibility of corroded contacts in the TV re-
ceiving antenna should not be overlooked, es-
pecially if it has been up a year or more. 

• TV RECEIVER DEFICIENCIES 
Front-End Overloading 

When a television receiver i- ifflite close to the 
transmitter, the intense r.f, signal from the trans-
mitter's fundamental may overload one or more 
of the receiver circuits to produce spurious re-
sponses that cause interference. 

If the overload is moderate, the interferetwe is 
of the same nature as harmonic interference: it is 
caused by harmoilies generated in the early stages 
of the receiver and, since it occurs only on chart-
rids harmonically related to the transmitting 
frequency, is difficult to distinguish from har-
monics act ually radiated by the transmitter. In 
such cases : I,Ir lit ional harmonic suppression at the 
transmit ter will do no good, but any means taken 
at the receiver t o reduce the amateur fundamental 
strengths hid lii the first tube will effect an im-
provement. With more severe overloading inter-
ference also will occur on channels not harmoni-
cally related to the transmitting frequency, so 
such eases are easily identified. 

Cross-Modulation 

Under souse circumstances overloading will 
result in cross-modulation of the amateur signal 
and that from a local FM or TV station. For ex-
ample, a 14-\ le, signal ran mix with a 92- \ le. 
FM station to produce a beat at 78 Mc, and cause 
interference in Channel 5, or with a TV station 
on Chaimel 5 to cause interference in Channel 3. 
Neither of the channels interfered with is in 
harmonic relationship to 14 Mc. Both signals 
have to be on the air for the interferente to °yew., 
and eliminating either at the TV receiver will 
eliminate the interference. 

I. F. Interference 

Some TV receivers do not have sufficient selec-
tivity to prevent strong signals in the int(1111Prli-
ate-fmnsency range from forcing their way 
through the front end and getting into the LI.. 
amplifier. The older RTMA intermediate hy-
queney of, roughly, 21 to 27 \ lc., is sut ojee  lc) 
interference from the funilamental-frequency 
output of transmitters operating in either the 21-
and 27-Mc. bands. Transmitters on 28 Mc. some-
times will cause this type of interference as 
well. 

I.f. interference is easily identified since it oc-
curs on all channels — although sometimes the 
intensity varies from channel to eliatinel — and 
the cross-hatch pattern it causes will rotate when 
the receiver's fine-tuning control is varied. When 
the interference is caused by a harmonic, over-
hiading, or cross modulation, the st rue) une of the 
interference pattern does not change as the fine-
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tuning control is varied, although its intensity 
may change. 

High-Pass Filters 

In all the :d love cases the interference can be 
eliminated if the fundamental signal st rength can 
be reduced to it level that t Iii receiver can handle. 
The most sat islactgiry device for t his purpose is a 
high-pte-, filter having a cut-off frequency be-
tween ill and 50 NI(.., installed at t he t uner input 
terminals of the rereiver. Circuits that have 
proved effective are shown in Figs. 23-27 and 
23-28. Fig. 23-28 has one more section than the 
filters of Fig. 23-27 and as a consequence has 
somewhat better cut-off characteristi,,. Ail the 
circuits given are designed to have lit tle or no 
effect on the TV signals but will at all 

C C. 

300-ohm, 
line to 
ant 

.1_ _ 

Ant terrnInal5 
on TV riot. 

C = 20 pp Id 

L.= 40 turns No 30 enam closeeound,edia. 
L2=22 turns No 30 enam closerround,f dia. 

Fig. 23-28 — Another type of high-pass filter for 300-
ohm line. The roils ma> he ssound -inch diameter 
plastic knitting needles. Important: Do not use a (final 
ground on an tround through a 0.00 I-

mica condenser. 

signals lower in frequency than about 40 Mc. 
'Iles() filters preferably should be constructed in 
some sort of shielding container, although shield-
ing is not always necessary. The dashed lines in 
Fig. 23-28 show how individual filter coils can be 
shiebled from each other. The condensers can be 
tultular ci‘rantic units centered in holes in the 
pa rl it! I I hat separate the coils. 

ligh-pass filters designed for this purpose are 
available commercially at moderate prices. In 
this connection, it sheathd be understood by all 
parties concerned that while an amateur is re-
sponsible for harmonic radiation from his trans-
mitter, it is no part .ef his responsibility to pay 
for or install filters, wavetraps, etc., that may be 
required at the receiver to prevent interference 
caused by his fundamental frequency. It is a good 
idea for the amateur to have a high-pass filter 
that can be tried on a receiver when interfer-
ence exists. If trial shows it, to be effective, the 
reason why it works should be carefully explained 
to the set owner, who should then be advised to 
get in touch with the organization from which 
he purchased the receiver or which services it, 
to make arrangements for proper installation. 
Proper installation usually requires that the filter 
be installed right at ilw input terminals of the r.f. 
tuner of the TV set awl not merely at the antenna 

terminals, which may be at a considerable dis-
tance from the tuner. The question of cost is one 
to be settled between the set owner and the 
organization with which he deals. Some of the 
larger manufactum-s of TV receivers have insti-
tuted arrangements for eoiiperating with the set 
dealer in installing high-pass filters at no cost to 
the receiver owner. 

Wavetraps may be used instead of high-pass 
filters. If the receiver has a balatimi I300-ohm) 
t ransmission line a trap should be used in each 
line wire. They may he constructed from the data 
in Fig. 23-3. When properly tuned, wavetraps will 
greatly at tiunutte the fundamental signal but 
suffer the disadvantage, as compared with a high-
lm' s filter, that they must be ret uned if the trans-
mitter frequency is moved. They are of course of 
110 value in rejecting it frequency to which they 
cannot be tuned, and therefore usually are good 
only for one amateur band. 

If the fundamental signal is getting into the 
receiver by way of the line cord a line filter such 
as that shown in Fig. 23-4 will help. To be most, 
effective it should be installed inside the receiver 
chassis at the point where the cc in enters, making 
t he ground connections directly to chassis at this 
point. It may not be so helpful if placed between 
the line plug. and the wall socket unless the r.f. is 
actually picked up on the house wiring rather 
than 4in the line eord 

Antenna Installation 

\laity television reciqvers will respond strongly 
to liar:Mel currents 4)11 the receiving transmission 
line. Usually, the transmission line picks up a 
great deal Tula... 1-111 .r.gy from a near-by trans-
mitter than the television receiving antenna it-
self, causing parallel currents that should be, but 
are not, rejected by the receiver's input circuit. 
This situation can be improved by using shielded 
transmission line - eoax or, in the balanced 
form, " twinax" — on the receiving installation. 
For best results the line should terminate in a 
coax fitting on the receiver chassis, but if this is 
not possible the shield should be grounded to the 
chassis right at the antenna terminals. 
The use of shielded transmission line for the 

receiver also will be helpful in reducing response 
to harmonics actually being railiated from the 
transmitter or transmitting antenna. In most 
reeeiving installations the transmission line is 
very much longer than the antenna itself, and is 
consequently far more exposed to the harmonic 
fields from the transmitter. Much of the hat'-
monje pick-up, therefore, is on the receiving 
transmission line when tin) transmitter and re-
ceiver are quite close together. Shielded line, 
plus reliwation of either the transmitting or 
receiving antenna to take advantage of directive 
effects, often will result in T•oducing overloading, 
as well as harmonic pick-up, tit a level that doea 
not interfere with reception. 
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Construction 

Practices 

• TOOLS AND MATERIALS 
While an easier, and perhaps a better, job 

can be done with a greater variety of tools 
available, by taking a little thought and 
care it is possible to turn out a fine piece of 
equipment with only a few of the common 
hand tools. A list of tools which will be in-
dispensable in the construction of radio 
equipment will be found on this page. With 
these tools it should be possible to perform 
any of the required operations in preparing 

INDISPENSABLE TOOLS 

Long-nose 
Diagonal cutting pliers, n-ineh. 
Wire stripper. 
Screwdriver, 6- to 7-inch, lg.-inch blade. 
Screwdriver, 4- to 5-inch, %-incli blade. 
Scratch awl or scriber for marking lines. 
Combination square, 12-inch, for laying out work. 
Hand drill, J.¿-inch chuck or larger. 2-speed type 

preferable. 
Electric soldering iron, 100 watts. 
Hack saw, 12-inch blades. 
Center punch for marking hole centers. 
Hammer, ball-peen, 1-1b. head. 
Heavy knife. 
Yardstick or other straightedge. 
Carpenter's brace with adjustable hole cutter or 

socket-hole punches (see text). 
Large, coarse, flat file. 
Large round or rat-tail file, s-inch diameter. 
Three or four small and medium files—flat, round, 

half-round, triangular. 
Drills, particularly 3.-inch and Nos. 18. 28, 33, 42 
and 50. 

Combination oil stone for sharpening tools. 
Solder and soldering paste (noncorroding). 
Medium-weight machine oil. 

ADDITIONAL TOOLS 

Bench vise, 4-inch jaws. 
Tin shears, 10-inch, for cutting thin sheet metal. 
Taper reamer, for enlarging small holes. 
Taper reamer, 1-inch, for enlarging boles. 
Countersink for brace. 
Carpenter's plane, 8- to 12-inch, for woodworking. 
Carpenter's saw, crosscut. 
Motor-driven emery wheel for grinding. 
Long-shank screwdriver with ecrew-holding clip 

for tight places. 
Set of " Spintite" socket wrenches for hex nuts. 
Set of small, flat, open-end wrenches for hex nuts 
Wood chisel, 
Cold chisel, s-inch. 
Wing dividers, 8-inch, for scribing circles. 
Set of machine-screw taps and dies. 
Dusting brush. 
Socket punches, esp. 1%" and I lie. 

panels and metal chassis for assembly and 
wiring. It is an excellent idea for the amateur 
who does constructional work to add to his 
supply of tools from time to time as finances 
permit. 

Several of the pieces of light woodworking 
machinery, often sold in hardware stores and 
mail-order retail stores, are ideal for amateur 
radio work, especially the drill press, grinding 
head, band and circular saws, and joiner. Al-
though not essential, they are desirable should 
you be in a position to acquire them. 

Twist Drills 

Twist drills are made of either high-speed 
steel or carbon steel. The latter type is more 
common and will usually be supplied unless 
specific request is made for high-speed drills. 
The carbon drill will suffice for most ordinary 
equipment construction work and costs less 
than the high-speed type. 

While twist drills are available in a number 
of sizes those listed in bold-faced type in Table 
24-I will be most commonly used in construe-
tion of amateur equipment. It is usually de-
sirable to purchase several of each of the 
commonly-used sizes rather than a standard set, 
most of \ 11i,•11 will ir' usod infriamently, if at all. 

Care of Tools 

The proper care of tool- is not alone a mat-
ter of pride to a good workman. He also real-
izes the energy which may be saved and the 
annoyance which may be avoided by the pos-
session of a full kit of well-kept sharp-edged 
tools. 

Drills should be sharpened at frequent in-
tervals so that grinding is kept at a minimum 
ezich time. This makes it easier to maintain the 
rather critical surface angles required for best 
cutting with least wear. Occasional oilstoning 
f the cutting edges of a drill or reamer will ex-

tend the time between grindings. 
The soldering iron can be kept in good 

condition by keeping the tip well tinned with 
solder and not allowing it to run at full voltage 
for long periods when it is not being used. 
After each period of use, the tip should be re-
moved and cleaned of any scale which may 
have accumulated. An oxidized tip may be 
cleaned by dipping it in sal ammoniac while 
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hot and then wiping it clean with a rag. If the 
tip becomes pitted, it should be filed until 
smooth and bright, and then tinned immedi-
ately by dipping it in solder. 

Useful Materials 

Small stocks of various miscellaneous ma-
terials will be required in constructing radio 
apparatus, most of which are available from 
hardware or radio-supply stores. A representa-
tive list follows: 

Sheet aluminum, 16 or 18 gauge for brackets 
and shielding. 
X 3--inch aluminum angle stock. 

J4-inch diameter round brass or aluminum rod 
for shaft extensions. 

Machine screws: Round-head and flat-head, 
with nuts to fit. Most useful sizes: 4-36, 
6-32 and 8-32, in lengths from !.¡. inch to 
1% inches. ( Nickel-plated iron will be 
found satisfactory except in strong r.f. 
fields, where brass should be used.) 

Bakelite, lucite and polystyrene scraps. 
Soldering lugs, panel bearings, rubber 
grommets, terminal-lug wiring strips, var-
nished-cambric insulating tubing. 

Shielded and unshielded wire. 
Tinned bare wire, Nos. 22, 14 and 12. 

Machine screws, nuts, washers, soldering 
lugs, etc., are most reasonably purchased in 
quantities of a gross. 

e CHASSIS WORKING 
With a few essential tools and proper pro-

cedure, it will be found that building radio 
gear on a metal chassis is no more of a chore 
than building with wood, and a more satisfac-
tory job results. Aluminum is to be preferred to 
steel, not only because it is a superior shielding 
material, but because it is much easier to work 
and to provide good chasis contacts. 
The placing of components on the chassis 

is shown quite clearly in the photographs in 
this Handbook. Aside from certain essential 
dimensions, which usually are given in the text. 
exact duplication is not necessary. 
Much trouble and energy can be saved by 

spending sufficient time in planning the job. 
When all details are worked out beforehand 

Fig. 24-1 - Method of measurin the heights of con-
denser shafts, etc. If the soptare i- adjustable, the end 
of the scale should be set flush %sill' the face of the head. 

TABLE 24-1 

Numbered Drill Sizes 

boiled/or 
Diameter Will Clear Tapping Iron, 

Number (mile) Strew Steel or Brame 

1 228.0 - - 
2 221.0 12-24 _ 
3 213.0 ___ 14-24 
4 209.0 12-20 - 
5 205.0 __ __ 
6 z04.0 -- --
7 201.0 -- --
8 199.0 -- --
9 198.0 -- --
10 193.5 10-32 --
11 191.0 10-24 --
12 189.0 -- --
13 185.0 -- --
14 182.0 -- --
15 180.0 -- --
16 177.0 -- 12-24 
17 173.0 -- --
18 1811.8 8-22 --
19 166.0 -- 12-20 
20 161.0 -- --
21 159.0 -- 10-32 
22 157.0 -- --
23 154.0 -- --
24 152.0 -- --
25 149.5 --- 10-24 
26 147.0 -- --
27 144.0 -- --
28 140.0 4-32 --
29 124.0 -- 8-22 
30 128.5 -- --
31 120.0 -- --
32 116.0 -- --
22 113.0 4-24., 4 40 --
34 111 . 0 - - 
35 110.0 - 4-32 
31; 1011.5 - - 
37 104.0 - - 
38 101.5 - - 
39 099.5 3-48 - 
40 098.0 - - 
41 1196.0 -- __ 
42 092.9 -- 4-24, 4-411 
43 689.0 2-50 --
44 086.0 -- --
45 082.0 -- 3-48 
46 081.0 -- --
47 078.5 -- --
48 076.0 -- --
49 073.0 -- 2-56 
50 070.0 - - 

067.0 - - 
52 063.5 - - 
53 059.5 - - 
54 055.0 - - 

Use one size larger for tapping bakelite and hard 
rubber. 

the actual construction is greatly simplified. 
Cover the top of the chassis with a piece of 

wrapping paper or, preferably, cross-section 
paper, folding the edges down over the sides 
of the chassis and fastening with adhesive tape. 
Then assemble the parts to be mounted on top 
of the chassis and move them about until a 
satisfactory arrangement has been found, keep-
ing in mind any parts which are to be mounted 
underneath, so that interferences in mounting 
may be avoided. Place condensers and other 
parts with shafts extending through the panel 
first, and arrange them so that the controls will 
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form the desired pattern on the panel. Be sure 
to line up the shafts squarely with the chassis 
front. Locate any partition shields and panel 
brackets next, and then the tube sockets and 
any other parts, marking the mounting-hole 
centers of each accurately on the paper. Watch 
out for condensers whose shafts are off center 
and do not line up with the mounting holes. 
Do not forget to mark the centers of socket 
holes and holes for leads under i.f, transformers. 
etc., as well as holes for wiring leads. The small 
holes for socket-mounting screws an. I est located 
and center-punched, using the socket itself as a 
template, after the main center hole has been cut. 

By means of the square. lines indicating ac-
curately the centers of shafts should be ex-
tended to the front of the chassis and marked 
on the panel at the chassis line, the panel 
being fastened on temporarily. The hole centers 
may then be punched in the i•hassis with the 
center punch. After drilling, the parts which re-
quire mounting underneath may be I reed and 
the mounting holes drilled, making sure by trial 
that no interferences exist with parts mounted 
on top. Mounting holes along the front edge 

A 
Fig. 24-2 — To cut rectangular holes in a chassis 
corner, holes may he filed out as shim ii in the shaded 
portion of 13, making it possible to start the hark-saw 
blade along the cutting line. A slums huis a single-
ended handle may be constructed for a hack-sas, blade. 

of the chassis should be transferred to the 
panel, by once again fastening the panel to tlw 
chassis and marking it from the rear. 

Next, mount on the chassis the condensers 
and any other parts with shafts extending to 
the panel, and measure aciairately the height 
of the center of each shaft alxive the eh:tssis. 
as illustrated in Fig. 24-1. The horizontal dis-
placement of shafts having already been 
marked on the chassis line on the panel. the 
vertical displacement can be measured from 
this line. The shaft centers may now be marked 
on the back of the panel, and the holes drilled. 
Holes for any other panel equipment eoming 
above the chassis line may then be marked and 
drilled, and the remainder of the apparatus 
mounted. Holes for terminals etc., in the rear 
edge of the chassis should be marked and drilled 
at the same time that they are done for the top. 

Drilling and Cutting Holes 

When drilling holes in metal with a hand 
drill it is important that the centers first be 
located with a center punch, so that the drill 
point will not " walk" away from the center 
when starting the hole. When the drill starts to 
break through, special care must be used. 
Often it is an advantage to shift a two-speed 
drill to low gear at this point. Holes more 
than Yt inch in diameter may be started with a 
smaller drill and reamed out with the larger drill. 
The chuck on the usual type of hand drill is 

limited to 1-inch drills. Although it is rather 
tedious, the n-inch hole may be filed out to 
larger diameters with round files. Another 
method possible with limited tools is to drill a 
series of small holes with the hand drill along 
the inside of the diameter of the large hole, 
placing the holes as close together as possible. 
The center may then be knocked out with a 
cold chisel and the edges smoothed up with a 
file. Taper reamers which fit into the carpen-
ter's brace will make the job easier. A large rat-
tail file clamped in the brace makes a very good 
reamer for holes up to the diameter of the file, 
if the file is revolved counterclockwise. 

For socket holes and other large round holes, 
an adjustable cutter designed for t he purpose 
may be used in the brace. Occasional applica-
tion of machine oil in the (' till ng groove will 
help. The (litter first should be t ried out on a 
block of wood, to make sure t lia t it is set for 
the correct diameter. The most c,invenient device 
for mitt big socket holes is th(. socket-hole punch. 
The best type is that which works by turtling a 
take-up screw with a wrench. 

Rectangular Holes 

Square or rectangular holes may be cut out 
by making a row of small holes as previously 
described, but is more easily done by drilling 
a I •,-inch hole inside each corner, its illus-
trated in Fig. 21-2. and using these holes for 
starting and 111111 11g the haek saw. The socket-
hole 1)1111(.11 and he square punches which are 
now availalile also may be of vonsiderable as-
sistance in cutting out large reetangular open-
ings. The burrs or rough edges which usually 
result after drilling or cutting holi•s may be re-
moved with a file, or sometimes litre con-
veniently with a sharp knife or chisel. It is a 
paid idea to keep an old wood chisel sharpened 
and available for this purpose. A burr reamer 
will also be useful. 

• CONSTRUCTION NOTES 

If a control ,Wait 111111-t fee extended or in-
sulated, a flexible shaft coupling with adequate 
insulation should be used. Satisfactiiry support 
for the shaft extension can be proviiled by 
means of a metal panel bearing made for the 
purpose. Never use panel bearings of the non-
metal type unless the condenser shaft is 
grounded. The metal bearing should be con-
nected to the chassis with a wire or grounding strip. 
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This prevents any possible dal ...ter of shock. 
The use of fiber washers bet ween ceramic 

insulation and metal brackets, screws or nuts 
will prevent the ceramic parts from breaking. 

Cutting and Bending Sheet Metal 

if a sheet of metal is too large to be cut con-
veniently with a hack saw, it may be marked 
with scratches as deep as possible along the 
line of the cut on both sides of the sheet and 
then clamped in a vise and worked back and 
forth until the sheet breaks at the line. Do 
not carry the bending too far until the break 
begins to weaken; otherwise the edge of the 
sheet may become bent. A pair of iron bars 
or pieces of heavy angle stock, as long or longer 
than the width of the sheet, to hold it in the 
vise will make the job easier. " C '-clamps may 
be used to keep the bars from spreading at the 
ends. The rough edges may be smoothed up 
with a file or by placing a large piece of emery 
cloth or sandpaper on a flat surface and run-
ning the edge of the metal back and forth over 
the sheet. 
Bends may be made similarly. The sheet 

should be scratched on both sides, but not so 
deeply as to cause it to break. 

Finishing Aluminum 

Aluminum chassis, panels and parts may be 
given a sheen finish by treating them in a caustic 
bath. An enamelled container, such as a dishpan 
or infant's bathtub, should be used for the solu-
tion. Dis.solve onlinary household lye in cold 
water in a proportion of 1.¡ to 3. can of lye per 
gallon of water. The st ninger solution will do the 
job more rapidly. Stir the solution with a stick of 
wood until the lye crystals alt' complete dissolved. 
Re very careful to avoid any skin contact with 
t solo. tion. It is also harmful to clothing. Suffi-
cient solution slowld be prepared to (liver tile 
piece completely. Wien the aluminum is im-
mersed, a very pronounced bubbling takes place 
and ventilation should be provided to disperse 
the escaping gas. A half hour to two hours in the 
solution should be sufficient, depending upon the 
strength of the solution and the desired surface. 
Remove the aluminum from the solution with 

sticks and rinse thoroughly in cold water whili 
swabbing with a rag to remove the black deposit 

DECIMAL EQUIVALENTS OF FRACTIONS 

1 32  .03123 17 32  .5312.3 
1 16  .062.3 9 16  .3623 

3 32  119375 19 32 31(373 
1 8  .123 3 8  .623 

5 32  .13(125 21 32  .63623 

3 16  .1873 II 1(1.... . 6873 
732  .21875 23 32  .71873 

1 4  3 1  
9 32  28123 2312  .78123 

3 16  .3125 13 16.... .8125 
II 3',  .34375 27 32  .81373 
3 8  .373 7 8  .873 

13 32  .40625 29 32  .99623 
7 16  .4:373 13 16 .9375 

15 :i2  .46875 31 32  .96875 
I 2  1   1.0 

Then wipe off with a rag soaked in vinegar to 
remove any stubborn stains or fingerprints. (See 
May, 1950, QST for a method of coloring and 
anodizing aluminum.) 

Soldering 

The secret of good soldering is in allowing 
tinte for the joint, as well as the solder, to attain 
sufficient temperature. Enough heat should be 
applied so that the solder will melt when it 
comes in contact wit h the wires being johical, 
without touching the solder to the iron. Ahvitys 
use rosin-core solder, never acid-core. Except 
where absolutely necessary, solder should never lie 
depended upon for the mechanical strength of the 
joint; the wire should be wrapped around the 
terminals or clamped with soldering terminals. 
When soldering crystal diodes or carbon re-

sistors in plate, especially if the leads have been 
cut short and t he resistor is of the small ,1.2-watt 
size, the resistor lead should be gripped with a 
pair of pliers up close to the resistor so that the 
heat will be conduit, el away from the resistor. 
Overheating of the resistor while soldering can 
cause a permanent ta.sist :wee eliange of as much 
as 20 per cent. Also, ineeltaiiival stress will have 
a similar etreet, so that a small resistor should 
be mounted so that there is no appreciable 
meehanical strain on the leads. 
Trouble is sometimes experienced in soldering 

to the pins of coil-forms or male cable plugs. It 
helps first to tin the inside of the pins by applying 
soldering paste to the hole, and then flowing 
solder into the pin. Then immediately clear the 
solder from the hot pin by a whipping motion or 
by blowing through the pin from the inside of the 
form or plug. Before inserting the wire in the 
pin, file the nickel plate from the tip. After solder-
ing, round the solder tip off with a file. 
When soldering to sockets, it is a good idea to 

have the tube or coil form inserted to prevent 
solder running down into the socket prongs. It 
also helps to conduct the heat away when solder-
ing to polystyrene soekets, which often soften 
under the heat of the iron. 

Wiring 

The wire used in connecting up amateur equip-
ment should be selected considering both the 
maximum current it will be called upon to handle 
and the voltage its iitsulal ion must stand without 
breakdown. Also, from the consideration of TVE 
the power wiring of all transmitters should be 
done with wire that has a braided shielding cover. 
Receiver and audio circuits may also require the 
use of shielded wire at some points for stability, 
or the elimination of hum. 

No. 20 stranded wire is eommonly used for 
most reeeiver wiring (except for the high-
frequeney cir('uits) where the current does not 
exeeed 2 or 3 temperes. For higher-current heater 
eircuits, No. 18 is available. Wire with cellulose 
:wet ate insulation is good for voltages up to about 
500. For higher voltages, thermoplastie-insulated 
wire should be used. Inexpensive wire strippers 
that make the nAnoval of insulation from hook-up 
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(A) H3," 

mommum _ 

(C) 
Fig. 24-3 — Cable-stripping dimensions for Jones Type 
P-101 plugs. Smaller dimensions are for q-inch plugs, 
the larger dimensions for 1 plugs. ‘s indicated in 
C, the remaining copper braid is wound , ith bare or 
tinned wire to make a snug fit in the sires i• of the plug. 

wire an easy job are available on the market. 
In cases where power leads have several 

branches in the chassis, it is convenient to use 
fiber-insulated tie points or " lug strips" as 
anchorages or junction points. Strips of this type 
are also useful as insulated supports for resistors, 
r. f. chokes and condensers. High-voltage wiring 
should have exposed points held to a minimum, 
and those which cannot be avoided should be 
rendered as inaccessible as possible to accidental 
contact or short-circuit. 
Where shielded wire is called for and capaci-

tance to ground is not a factor, Belden type 8885 
shielded grid wire may be used. If capacitance 
must be minimized, it may be necessary to use a 
piece of car-radio low-capacitance lead-in wire, 
or coaxial cable. 

For wiring high-frequency circuits, rigid wire is 
often used. Bare soft-drawn tinned wire, sizes 22 
to 12 (depending on mechanical requirements), 
is suitable. Kinks can be removed by stretching a 
piece 10 or 15 feet long and then cutting into 
short lengths that can be handled conveniently. 
R.f. wiring should be run directly from point to 
point with a minimum of sharp bends and the 

Sokier Hole 

Fig. 24-1— Dimensions for stripping i-,¡-inelt cable to 
fit Amphenol Type 83-15P (11..259) plug. 

CHAPTER 24 

,-mmeameig.» 

I 21 

Adapter 

133:=Î>m 

Solder Hole 
Fig. 21-5 — Method of assembling Vs-inch cable, Am-
phenol Type 83-1SP ( PL-259) plug and adapter. 

wire kept well spaced from the chassis or other 
grounded metal surfaces. Where the wiring must 
pass through the chassis or a partition, a clear-
ance hole should be cut anti lined with a rubber 
grommet. In case insulation becomes necessary, 
varnished cambric tul hug (spaghetti) can be 
slipped over the wire. 

In transmitters where the peak voltage does 
not exceed 2500 volts, the shielded grid wire 
mentioned above should be satisfactory for power 
circuits. For higher voltages, Belden type 8656, 
Birnbach type 1820, or shielded ignition cable can 
be used. In the case of filament circuits carrying 
heavy current, it may be necessary to use No. 10 
or 12 bare or enameled wire, slipped through 
spaghetti, and then covered with copper braid 
pulled tightly over the spaghetti. The chapter 

Fig. 24-n — Stripping dimensions for Amphenol 82-830 
and 82-832 connectors. The longer exposed braid 
is for the first t pc. 
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, 

 1  

 ,  

(A) WRONG 

(B) RIGHT 

(C) RIGHT 

Fig. 24-7 — Meth.1, of lacing ,ahles. The method 
shown at C is more -yew..., hot take- more time than 
the method of B. The latter i- d.kquate for most 
amateur requirements. 

on TVI shows the manner in which shielded wire 
should be applied. If the shielding is simply slid 
back over the insulation and solder flowed into 
the end of the braid, the braid usually will stay 
in place without the necessity for cutting it back 
or binding it in place. The braid should be 
burnished with sandpaper or a knife so that solder 
will take with a minimum of heat to protect the 
insulation underneath. 

R.f. wiring in transmitters usually follows t lo 
method described above for receivers with due 
respect to the voltages involved. 
Power and control wiring external to the t cans-

mitter chassis preferably should be of shielded 
wire bound into a cable. Fig. 24-7 shows the cor-
rect methods of hiring rabies. 

Coaxial Plug Connections 

Considerable time and trouble can be saved in 
making cable connections to coaxial plugs by 
starting out with the correct stripping dimen-
sions. Fig. 24-3 shows how the end of the cable 
should be prepared for connecting to Jones 
Type P-101 plugs. After the exposed braid has 
been wound, it should be carefully tinned, apply-
ing no more heat than is necessary, t o avoid melt-
ing the inner insulation. A small amount of solder 
also should be flowed into the sleeve of the plug. 
Then, when the cable is inserted in the sleeve, the 
connection can be made secure by holding the 
iron against the sleeve until the solder inside 
melts. While joining the two, the plug may be 
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held by inserting it in a hole drilled in a board. 
Figs. 24-4, 24-5 and 24-6 show details of connec-
tions to different types of Amphenol plugs and 
adapters. In Fig. 24-4, it is easiest to cut through 
to the wire with a sharp knife at a distance of 
134 inch from the end of the wire and remove 
the insulation and shielding in one piece. Then 
slice off a 146-inch piece of polyethylene which 
may be slid back onto the wire. 

After the braid in Fig. 24-5 has been frayed 
hack, it will be necessary to file the braid down as 
much as possible to make it fit t he plug. 

• COMPONENT VALUES 
Values of composition resistors and small 

condensers (mica and ceramic) are specified 
throughout this Handbook in terms of " pre-
ferred values." In the preferred-number sys-
tem, all values represent (approximately) a 
constant-percentage increase over the next 
lower value. The base of the system is the 
number 10. Only two significant figures are 
used. Table 24-I I shows the preferred values 
based on tolerance steps of 20, 10 and 5 per 
cent. All other values are expressed by multi-
plying or dividing the base figures given in the 
table by the appropriate power of 10. (For 
example, resistor values of 33,000 ohms, 6800 
ohins, and 150 ohms are obtained by multiply-
ing the base figures by 1000, 100, and 10, 
respectively.) 

"Tolerance" means that a variation of plus 
or minus the percentage given is considered 
satisfactory. For example, the actual resistance 
of a " 4700-ohm" 20-per-cent resistor can lie 
anywhere between 3700 and 5600 ohms, ap-
proximately. The permissible variation in the 
same resistance value with 5-per-cent tolerance 

TABLE 24-II 

Standard Component Values 

20% 1oÇ. 5% 
Tolerance Tolerance Tolerance 

10 

15 

22 

33 

47 

68 

III 

12 

15 

18 

22 

27 

33 

39 

47 

50 

IlS 

82 

100 100 

10 
11 
12 
13 
15 
16 
18 
20 
22 
24 
27 
30 
33 
36 
39 
43 
47 
51 
56 
62 
68 
75 
82 
91 
100 



520 CHAPTER 24 

would be in the range from 4500 to 4900 ohms, 
approximately. 

Only those values shown in the first column 
of Table 24- II are available in 20-per-cent 
tolerance. Additional values, as shown in t he 
second column, are available in 10- per-cent 
tolerance; still more values can be obtained in 
5-per-cent tolerance. 

In the component specifications in this 
Handbook, it is to be understood that when no 
tolerance is specified the largest tolerance 
available in that value will be satisfactory. 

Values that do not fit into the preferred-
number system (such as 500, 25,000, etc.) 
easily can be substituted. It is obvious, for 
example, that a 5000-ohm resistor falls well 
within the tolerance range of the 4700-ohm 
20-per-cent resistor used in the example above. 
It would not, however, be usable if the toler-
ance were specified as 5 per cent. 

• COLOR CODES 
Standardized color codes are used to mark 

values on small components such as composi-
tion resistors and mica condensers, and to 
identify leads from transformers, etc. The 
resistor-condenser number color code is given 
in Table 24-III. 

Fixed Condensers 

The methods of marking " postage-stamp" 
mica condensers, molded paper condensers, 
and tubular ceramic condensers are shown in 
Fig. 24-8. Condensers made to American War 
Standards or Joint Army-Navy specifications 
are marked with the 6-dot code shown at the 
top. Practically all surplus condensers are in 
this category. The :3-dot RTMA code is used for 
condensers having a rating of 500 volts and 
±20% tolerance only; other ratings and 
tolerances are covered by the 6-dot RTM A code. 

Exatnples: A condenser with a 6-dot code has 
the following markings: Top row, left to right, 
black, yellow, violet; button, row, right to left, 
brown, silver, red. Since the first color in the top 
row is black (significant figure zero) this is the 
AWS code and the condenser has mica dielectric. 
The significant figures are 4 and 7. the decimal 
multiplier 10 (brown, at right of second row). 
so the capacitance is 470 gel. The tolerance is 

10q.. The final color, the characteristic, deals 
with temperature coeffieients and methods of 
testing, and may be ignored. 
A condenser with a 3-dot code has the follow-

ing colors, left to right: brown, black. red. The 
significant figures are 1. 0 ( 10) and the multiplier 
is 100. The capacitance is therefore 1000 aigfd. 
A condenser with a 6-dot code has the fol-

lowing markings: Top row, left to right, brown, 
black, black; bottom row, right to left, black, 
gold, blue. Since the first color in the top row in 
neither black nor silver, this is the RTMA code. 
The significant figures are 1. 0. 0 ( 100) and the 
decimal multipler is 1 (black). The capacitance 
is therefore 100 mgfd. The gold dot shows that 

the tolerance is = ;1'/ and the blue dot indicates 
600-volt rating. 

Ceramic Condensers 

Conventional markings for ceramic con-

densers are shown in the lower drawing of 
Fig. 24-8. The colors have the meanings indi-
cated in Table 24-IV. In practice, dots may be 
used instead of the narrow bands indicated in 
Fig. 24-8. 

Example: A ceramic condenser has the fol-
lowing mark jugs: Broad band, violet; narrow 
bands nr dots. green, hr n, Mark. green. The 
significant figures tote 5, 1 (51) and the decimal 
multiplier is I. so the capacitance is 51 amid. 
The temperature eoefficient is — 750 parts per 
million per degree C., as given by the broad 
band, and the eapacitance tolerance is 5' 

Fixed Composition Resistors 

Comp- it joli ru-istors I11 , 1mling small wire-
wound units molt led in ik.ittical with the 
composition type) are color-coded as shown in 

First , 
Mica. capacitors- Black  siyinhcantriyure 1 MWSpaevrer it°rel 1 s¡refefannifiigre 

  > (> (>   

Characteristic - — 

0 0 0 

I Decimal multiplier 
ro rance 

AWS and JAN hied capacaors 

First 
sirificant figure 

Second   
Sirificant fiyure 

RUA 3- dot 500-von,±20% tolerance only 

First 
sirificant fiyure 

Voltayeratiny 

imperature coefficient 

Decimal 
multiplier 

Second 
stynificant firm 

Third 

Sirnt fiyure 

Decimal multiplier 
Tolerance 

RUA 6-dot 

A-Fiistsirificant firre 

e-Secondslynificant firm 
c-Deciinal multiplier 
0-Capacitance tolerance 

Fixed ceramic capacitors 

Fig. 24-8 — Color coding ,,r ti •ed  •a, molded paper, 
and tubular ceramic condensers. The color code for mica 
and molded paper condensers is given in Table 24-111. 
Table 24-1V gives the color code for tubular ceramic 
condensers. 
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Fixed composition resistors 

Fig. 24-9 — Color ...ding of fixed ronipo-ition r.-
'flue color code i- given in Table 2 t• 1 11. The 
areas have the following signify-am,: 

A — First significant figure of resi-dance in ohms. 
B — Second significant figure. 
C — Decimal multiplier. 
1) — Resistance tolerance in per cent. If no color i9 

shown, the tolerative is 21.)`..-o. 

Fig. 24-9. Colored bands are used on resistors 
haying axial leads: on radial-lead resistors the 
colors are placed as shown in the drawing. 
When bands are used for color e(nling the body 
color has no significance. 

Examples: A resistor of the type shown in the 
lower drawing of Fig. 24-1) has tluf following 
rotor bands: A. red; It, red; C. orange: D, no 
color. The significant figures are 2.2122 I and the 
decimal multiplier is 1000. The value of resist-
ance is therefoie 22,000 ohms and the toleranee 
is * 20 
A e/iistor of the type shown in the tourer draw-

ing has the following colors: body ( A), blue; 
end ( B), gray; ( lot, red; end a)). gold. The 
significant figures are 6, S ( 68) and the deeimal 
multiplier is 100, the resistance is 681)0 ohms. 
The tolerance is 

I. F. Transformers 

Blue -- plate lead. 
Red --" B" -I- lead. 
Green -- grid (or diode) lead. 
Black - grid or diode) return. 

NOTE: If the secondary of the i.f.t. is center-
tapped, the second diotie plate lead is green-

TABLE 24-111 

Resistor-Condenser Color Code 

Sign ifie • ' Decimal 
Mor  11 Wier 

Black 
Brown 
Red 
((range 
Yellow 
(11:pen 
Rine 
Violet 

o of allr 

Tolerance ' M)nge 
( IC) Rating* 

1 - — 
1 10 1* 100 
2 100 2* 200 
3 1000 3* 300 
4 10,000 4* 400 
5 100,000 500 
a L000mix) a* 600 
7 10,000.000 7* 70i) 
8 100,000,000 8* 800 
9 1,000,000,000 9* 900 
- 0. I 5 1000 
- 0.01 10 2000 
- — 20 500 

* Apr flies to condensers only. 
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Color 

TABLE 24-1V 

Color Code for Ceramic Condensers 

iignificant 
Figure 

Decimal 
Ifultiplier 

Capacitance Tohr. , 

More than Leas than 
ill gad. 10 µdd. 
(in 

Black 0 I -.= 20 2.0 0 
Brown 1 10 1 —30 
licni 2 100 . 2 — SO 
Orange 3 1000 — ISO 
Yellow 4 —220 
Green 5 * 5 0.5 — 330 
Blue 6 —470 
Violet 7 — 750 

0 01 0 25 39 
White 9 0.1 . 10 1 0 500 

and-black striped, and black is used for the 
center-tap lead. 

A.F. Transformers 

Blue — plate (finish) lead of primary. 
Red - — " B" -I- lead ( this applies whether the 

primary is plain or venter-tapped,. 
BrOWn - — plate ( start lead on eenter-tapped 

primaries. ( Blue may be used for this lead if 
polarity is not imp(rtant.) 

Green — grid finish • h.:id to secondary. 
Black -- grid rot urn , t his applies whet her the 
secondary is plain or cuitter-tappeli. 

Ycilou' -- grid ( st art I lead on ((en ter- tapped 
secondaries. (Green may be used for titis 
lead if polarity is not important.) 

NOTE: These markings apply also to line-to-
grid and tube-to-line transformers. 

Loudspeaker Voice Coils 

Green — finish. 
Black — start. 

Loudspeaker Field Coils 

Mark and Red — start. 
Yelloa• and Red finish. 
Slate and Red - tap ( if any). 

Power Transformers 

1) Primary Leads  Black 
If tapped: 

Common  Black 
Tap Black and Yellow Striped 
Finish Black and lied Striped 

2) lligh-Voltage Plate Winding Red 
Cent er-Tap . . . Red II mi Yellow Striped 

3) Rectifier Filament Winding  Yellow 
Cciii i'r-Taji . 1, how and Blue Striped 

4) Filament Winding No. 1 ...... „Green 
Cent er-Tap . . Green and Yellow Striped 

5) Filament Winding No  2   Brown 
Cent er-Tap. Brown and Yellow Striped 

6) Filament Winding No  3   . Slate 
Center-Tap... Slate and Yellow Striped 



CHAPTER 25 

Operating a Station 

The enjoyment of our hobby usually comes 
from the operation of our station once we have 
finished its construction. Upon the station and 
its operation depend the communication records 
that are made. 
An operator with a slow, steady, clean-cut 

method of sending has a big advantage over 
the poor operator. Good sending is partly a 
matter of practice but patience and judgment 
are just as important qualities of an operator as 
a good " fist." The technique of speaking in 
connected thoughts and phrases is equally im-
portant for the operator who us,, 

• OPERATING COURTESY AND 
TOLERANCE 

Normal operating interests in amateur radio 
vary considerably. Some prefer to rag-chew, 
others handle traffic, others work DX, others 
concentrate on working certain areas, countries 
or states and still others get on for an occasional 
contact only to check a new transmitter or an-
tenna. 

Interference is one of the things we amateurs 
have to live with. However, we can conduct our 
operating in a way designed to alleviate it as 
much as possible. Before putting the transmitter 
on the air, listen on your own frequency. If you 
hear stations engaged in communication On that 
frequency, stand by until you are sure no inteif-
ference will be caused by your operations, or 
shift to another frequency. No amateur or any 
group of amateurs has any exclusive claim to any 
frequency in any band. We must work together, 
each respecting the rights of others. Remember, 
those other chaps can cause you as much inter-
ference as you cause them, sometimes more! 
Where a \TO is used it is not necessary to stick 
to a single operating frequency though it is well 
to have one or two preferred and alternate fre-
quencies. It has become general operating proce-
dure these days to work stations on or near your 
own frequency. This practice will automatically 
a-ssist in reducing interference. 

• C.W. PROCEDURE 
The best operators. both those using voice and 

c.w., observe certain operating procedures devel-
oped from experience. ami regarded as " standard 
practice." 

1) Calls. Calling stations may call efficiently 
by transmitting the call signal of the station 
called three times, the letters DE, followed by 

one's own station call sent three times. ( Short 
calls with frequent " breaks" to listen have 
proved to be the best method.) Repeating the 
call of the station called four or five times and 
signing not more than two or three times has 
proved excellent practive. thus: WOBY WOBY 

WOBY WOBY WOBY DE WIAW WIAW Alt. 
CQ. The general-inquiry call (CQ) should be 

sent not more than five times without interspers-
ing one's station identification. The length of 
repeated calls is carefully limited in intelligent. 
amateur opera ing. CQ is not to be used when 
testing or when the sender is not expecting or 
looking for an answer. Never send a CQ " blind." 
Always be sure to listent on the transmitting fre-
quen('y first.) 
Tlw directional CQ: To reduce the number of 

useless answers and lessen QRM, every CQ call 
should be made informative when possible. 

Examples: A United States station looking for 
any Hawaiian amateur CQ KII6 CQ 
KiI6 CQ KII6 DE W4IA W4IA W4IA K. A 
Western station with traffic for the East Coast 
when looking for an intermediate relay station 
calls: CQ EAST CQ EAST CQ EAST DE 
WMGW W5IGW W5IGW K. A station with 
messages for points in Massachusetts calls: CQ 
MASS CQ MASS CQ MASS DE ‘V7CZY 
W7CZY W7CZY K. 

Hams who do not raise stations readily may 
find that their sending is poor, their calls ill-t iin(i I 
or judgment in error. When conditions are right 
to bring ill signals from the desired locality, you 
can call them. Reasonably short calls, with ap-
propriate and brief breaks to listen, will raise 
stations with minimum time and trouble. 

2) Answering a Call: Call three times (or less); 
send DE; sign three times (or less); after contact 
is established decrease the use of the call signals 
of both stations to once or twice. When a station 
receives a call but does not receive the call letters 
of the station calling, QRZ? may be used. It, 
means " By whom am I being 'called?" QRZ 
should not be used in place of CQ. 

3) Ending Signals and Sign-Off: The proper 

use of AR, K, KY, SK and CL ending signals is 
as follows: 

AR — End of transmission. Recommended 
after call to a specific station before contact has 
been established. 

Example: W6ABC W6ABC W6ABC W6ABC 

W6ABC DE W9LMN W9LMN AR. Also at the 
end of transmission of a radiogram. immediately 
following the signature, preceding identification. 

K - - Go ahead (any station). Recommended 
after CQ and at the end of each transmission 
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during QS0 when there is no objection to others 
breaking in. 

Example: CQ CQ CQ DE W1ABC W1ABC 
K or W9XYZ DE W1ABC K. 

KN — Go ahead (specific station), all others 
keep out. Recommended at the end of earl' 
transmission during a QS0, or after a call, when 
calls from other stations are not desired and will 
not be answered. 

Example: W4FGH DE XU6GRI, EN. 

SK — End of QS0. Recommended before 
signing last transmission at end of a QS0. 

Example: .... SK W81,NIN DE W5BCD. 

CL — I am closing station. Recommended 
when a station is going off the air, to indicate 
that it will not listen for any further calls. 

Example: .... SK W7111.1 DE W2.1KL CL 

4) Test signals to permit another station to 
adjust receiving equipment may consist of a 
series of Vs with the call signal of t lie transmitting 
station at frequent intervals. Remember that a 
test signal can be a totally unwarranted cause of 
QRM, and always listen first to find a clear spot 
if possible. 

5) Receipting for conversation or t r:dlic: Never 
send acknowledgment until the transmission has 
been entirely received. " R" means All right, 
OK, I understand completely." Use It only when 
all is received correctly. 

6) Repeats. When most of a transmission is 
lost, a call should be followed by correct abbre-
viations to ask for repeats. Whet; a few words on 
the end of a transmission are lost, the last word 
received correctly is given after ?AA, meaning " all 
after." When a few words on the beginning of a 
transmission are lost, ?AB for " all before" a 
stated word should be used. The quickest way 
to ask for a fill in the middle of a transmission is 
to send the last word received correctly, a ques-
tion mark, then the next word received correctly. 
Another way is to send "?liN I wer(C and [ word]." 
Do not send words twice QSZ) unless it is 

requested. Send single. Do not fall into the bad 
habit of sending double without a request from 
fellows you work. Don't say "QRM" or "QR" 
when you mean "QRS." Don't CQ unless there 
is definite reason for so doing. ‘Vhen sending 
CQ, use judgment. 

General Practices 

When a station has receiving trouble, the oper-
ator asks the transmitting station to " QSV." 
The letter " R" is often used in place of a decimal 
point (e.g., " 3R5 Mc.") or the colon in time 
designation (e.g., "2R30 PM"). A long dash is 
sometimes sent for " zero." 
The law concerning superfluous signals should 

be noted. If you must test, disconnect the antenna 
system and use an equivalent "dummy" an-
tenna. Send your call frequently when operating. 
Pick a time for adjusting the station apparatus 
when few stations will be bothered. 
The up-to-date amateur station uses " break-

in." For best results send at a medium speed. 
Send evenly with proper spacing. The standard-
type telegraph key is best for all-round use. 
Regular daily practice periods, two or three 
periods a day, are hest to acquire real familiarity 
and proficiency with code. 
No excuse can be made for " garbled" copy. 

Operators should copy what is sent and refuse to 
acknowledge a whole transmission until every 
word has been received correctly. Good operators 
do not guess. "Swing" in a fist is not the mark of 
a good operator. Unusual words are sent twice, 
the word repeated following the transmission of 
"?". If not sure, a good operator systematically 
asks for a fill or repeat. Sign your call frequently, 
interspersed with calls, and at the end of all 
transmissions. 

On Good Sending 

Assuming that an operator has learned sending 
properly, and comes up with a precision " fist" 
— not fast, but clean, steady, making well-
formed rhythmical characters and spacing beau-
tiful to listen to — he then becomes subject to 
outside pressures to his own possible detriment 
in everyday operating. Ile will want to " speed 
it up" because the operator at the other end is 
going faster, and so he begins, unconsciously, to 
run his words together or develops a " swing." 

Perhaps one of the easiest ways to get into 
had habits is to do too much playing around 
with special keys. Too many operators spend 
only enough time with a straight key to acquire 
"passable" sending, then subject their newly-
developed " fists" to the entirely different move-
ments of bugs, side-swipers, electronic keys, or 
what-have-you. All too often, this results in the 
ruination of what may have beeome a very good 
"fist." 
Think about your sending a little. Are you 

satisfied with You should not be — ever. 
Nobody's sending is perfect, and therefore every 
operator should continually strive for improve-
ment. Do you ever run letters together — like Q 
for MA, or P for AN — especially when you are 
in a hurry? Practically everybody does at one 
time or another. Do you have a " swing"? Any 
recognizable " swing" is a deviation from m-
fertion. Strive to send like tape sending; copy a 
W 1.\\V Bulletin and try to send it with the same • 
spacing using a local oscillator on a subsequent 
transmission. 
Check your spacing in characters, between 

characters and between words occasionally by 
making a recording of your fist on an inked tape 
recorder. This will show up your faults as noth-
ing else will. Practiee the correction of faults. 

• USING A BREAK-IN SYSTEM 
Break-in avoids unnecessarily long calls, pre-

vents QRM, gives more communication per hour 
of operating. Brief calls with frequent short 
pauses for reply can approach (but not equal) 
break-in efficiency. 
A separate receiving antenna facilitates break-
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in operation. It is only necessary with break-in 
to pause just a moment with the key up or to 
cut the carrier momentarily and pause in a 
'phone conversation) to listen for the other sta-
tion. The click when the carrier is cut off is as 
effective as the word " break." 
C.W. telegraph break-in is usually simple to 

arrange. With break-in, ideas and messages to 
be transmitted can be pulled right through the 
holes in the QRM. Snappy, efficient amateur 
work with break-in usually requires a separate 
receiving antenna and arrangement of the trans-
mitt'''. and receiver to (.1iminate the necessity for 
throwing switches between transmissions. 

In calling. the transmitting operator sends the 
letters " BK." sit frequent intervals during his 
call so that stations hearing the call may know 
that break-in is in use and take advantage of the 
fact. He pauses at interrals during his call, to 
listen for a moment for a reply. If the station 
being called does not answer, the call can be con-
tinued. 
With a tap of the key, the man on the receiv-

ing end eau interrupt t if Si word is missed). The 
other operator is constantly monitoring, await-
ing just such dinwtions. It is not neci.sssiry that 
yms have perfect facilities to take advantage of 
break-in when t he stations you work are 1 ( reak-in-
equipped. After any invitation to break is given 
and at ea('lt pause) press your key - con-
tact can start immediately. 

• VOICE OPERATING 
The use of proper procedure to get best ri 'suits 

is just as important as ill using code. In telegra-
phy words must be spelled out letter 1).v letter. 
It is therefore but natural that abbre‘-isstions 
and short nits should have eome hit() wi(lespread 
use. III ‘. oice work, however, abbret-i;itions are 
not necessary, and should hav, lias impurtam.„ 
in our operating procedure. 
The letter " K" has been agreed to in tele-

graphic practice so that the operator will not 
have to pound out the separate let tirs that spell 
the words " go ahead." The voice operator can 
say tile words " go ahesul" or '' over," or " come 
in please." 
One laughs on c.w. by spelling out III. On 

'phone use a laugh when one is called for. Be nat-
ural as you would with your family and friends. 
The matter of reporting rHulability and strength 

is as important to ' phone operators as to those 
using elide. With telegraph nomenclature, it is 
necessary to spell out tvords to describe signals 
or use the abbreviated signal reporting system 
dzsic .. Chapter Twenty-Six). Using 
voice, we have the ability to " say it with words." 
"Readability four, Strength eight " is the Iwst 
way to give a quantitative report. Reporting van 
be done so mueli more meaningfully with ordi-
nary words: " You are weak but you sire in the 
clear and I can understand you, so go allea(1," 01. 
"Your signal is strong lint you are buried under 
local interference." Why not say it with words? 

Voice-Operating Hints 

1) Listen before calling. 
2) Make short calls Nvith breaks to 

listen. Avoid long Cgs; do not answer 
any. 
3) [so push-to- talk. Give essential data 

concisely in first transmission. 
-I Ist10. reistrts honest. t"se definitions 

of strength and readabilit y for referenee. 
Make your reports informa't ivy and useful. 
Honest reports and full word description 
of signals save amateur operators from 
l"( C trouble. 

5. limit transmission length. Two min-
utes ( tr less will convey much information. 
When three or more stations converse ill 
round tables, brevity is t.sselltial. 

6) Display sportsmanship and courtesy. 
Bands are congesh)d . . . make trans-
missions meaningful . . . give others a 
break. 

7) Cheek transmit t(r adjustment . . . 
avoid :11\1 overtnodulatiun anti splatter. 
Do not radiate when moving VE0 fre-
quency or checking NFNI swing. Use 
receiver b. f.$). to eheck stability of signal. 
Complete testing before busy hours! 

Voice Equivalents to Code Procedure 

Voice 
Co ahead: over 

%Vait s "druid by 
Okay 

t'ode 
E 

AS, QR X 
It 

Meaning 
self -explanatory 
Self-explanatory 
Receipt for a eor-
reetly-t ranscrihed 
message or for 
"'solid" transinis..ion 
with no missing por-
tions 

'Phone- Operating Practice 

Efficient voice communieltion, like good c.w. 
communication, demands good operating. Ad-
herence to certain points " on getting results" 
will go a long way toward improving our 'phone-
baml operating conditions. 

Use push-to-talk technique. Where possible ar-
range on-off switches or controls for fast back-
an 1-fi,rt h exchanges that emulate the practicality 
if t wire telephone. This will help reduce the 
It.ngth of transmissions and keep brother ama-
teurs from calling -(> 11 a " monologuist" — a guy 
who likes to hear himself talk! 

Listrn with care. Keep imise and " back-
grounds'' out of your operating room to facilitate 
good listening. It is natural to answer the strong-
est signal, but take time to listen and give some 
consideration to llw hest signals, regardless of 
strength. Every amateur cannot run a kilowatt, 
but there is no reas' un why every amateur cannot 
have St signal of good quality, and utilize uniform 
operating pram ices to zà1 in the understanda-
bility and ease Id his own communications. 

Interpose your call regularly and at frequent 
intervals. Three short calls are better than one 
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long one. In calling CQ, one's call should certainly 
appear at least once for every five or six CQs. 
Calls with frequent breaks to listen will save 
time and be 'mist pnidurtive of results. In iden-
tifying, always transmit your own tall last. Don't 
say " This is W I ABC standing by for W2DEF"; 
say " W2DEF, this is WIABC, over." FCC regu-
lations show the call of the transmitting station 
sent last. 

Include country prefix before call. It is not cor-
reet to sax " URRX, this is 1111M." Correct and 
legal ust. i •• W9RRX, this is 1VIBDI." FCC 
regulations nqpire proper use of vans: stations 
have been cited for failure to comply with this 
requirement. 

Monitor your own .frequency. This helps in tim-
ing calls and transmissions. Send when there is a 
chance of being copied successfully — not when 
3.ent are merely " more QRM." Timing transmis-
sions is an art to cultivate. 
Recp modulation constant. By turning the gain 

"wide open " 3-ou an. subjecting anyone listening 
to the diversion of whatever 110iSVM are present in 
or near your operating room, to say nothing of 
t he possibilit y of feed-baek, echo due to poor 
acoust its, and modulation c•xcesses due to sudden 
loud noises. Speak near the microphone, and 
dott't let your gaze wander all over the station 
causing sharply-varying input to your speech 
amplifier; at t In same time, keep far enough from 
the microphone so your signal is tint modulated 
by your breathing. Change distance or gain only 
as neressary to insure uniform transmitter per-
formaniq. without overmodulation, splatter or 
distortion. 

1loli cTITI ocded thoughts and phrases. Don't na 
IliSe01111(11(.(1 subjects. Ask questions consistently. 
Pause and get answers. 
Have a pad of paper handy. It is convenient 

atul desiralde to jot down questions as they come 
in the ci mrse of discussion in order not to miss 
any. It will help you to make intelligent to-the-
point replies. 

Steer clear of inanities und soap-opera stuff. Our 
amateur radio and also our personal reputation 
as a serious communications worker depend on us. 
A a. id repetition. Don't repeat back what the 

other fellow has just said. Too often we hear a 
eonversation like. this: " Okay on your new an-
tenna there, okay on the trouble you're having 
with your receiver, okay on the company who 
just came in wit h some ice cream, okay . . . 
let il." Just say you received everything OK. 
Don't ry nu prove 
1.,:e phonate, as required. When clarifying 

genuinely doubtful expressions and in getting 
vi air ta Il iclentified misilively we suggest use of 
the. ARM, Phonetic List. Limit such ttse to 
really-necessary clarifirat ion. 
The speed cd: raliotelppinow transmission ( with 

perfect areuraev depends almost entirely upon 
the. skill of the t wo operators involved. One must 
learn to speak at a rate allowing perfect under-
standing as well as permitting the receiving 
ol)('tiLtiTl I u copy down the message text, if that 
is necessary. Because of the similarity of many 

English speech sounds, the use of alphabetical 
word lists ha.s been found necessary. All voice-
operated stations should use a standard list as 
nc.pcled to identify call signals or unfamiliar 
expp•--ions 

ARRL Word List for Radiotelephony 

ADAM 
BAKER 
CHARLIE 
DAVID 
EDWARD 
FRANK 
(;EORGE 
HENRY 
IDA 

.IOHN 
KING TIIOMAS 
LEWIS [MON 
MARY V I( "FOR 
NANCY ILLIAM 
OTTO X-RAY 
PETER YOUNG 
QUEEN ZEBRA 
ROBERT 

Example: W1AW . . . W 1 ADAM WILLIAM. 

Ron put Tables. The round table has many ad-
vantages if run properly. It elears frequencies of 
interferenee, especially if all stations involved 
are on the same frc.quency, while the enjoyment 
value remains the same, if not greater. By use of 
push-to-talk, the conversation can be kept lively 
affil interesting, giving each station operator 
ample opportunity to participate without wait-
ing overlong for his turn. 
Round tables can become very unpopular if 

limy are not condueted properly. The monologu-
ist, off on a long spiel about nothing in particular, 
canwit be interrupted; make your transmissions 
short awl to the point. " Butting in is discourteous 
and unsportsmanlike; don't enter a round table, or 
any contact between two other amateurs, unless you 
are inrited. It is bad enough trying to understand 
vi Oui  through prevailing interference without 
the a( bled difficulty of poor quality; check your 
transmitter adjustments frequently. In general, 
follow the precepts as hereinbefore outlined for 
the most enjoyment in round tables as well as 
any other form of radiotelephone communication. 

• WORKING DX 
Most amateurs at one time or another make 

"working DX" a major aim. As in every other 
phase of amateur work, there are right and wrong 
ways to go about getting best results in working 
foreign stations, and it is the intention of this 
section to outline a few of them. 
The ham who has trouble raising DX stations 

readily may find that poor transmitter efficiency 
is not the reason. Ile may find that his sending 
is poor, or his calls ill-timed, or his judgment in 
error. When conditions are right to bring itt the 
DX, and the receiver sensitive enough to bring 
in several stations from the desired locality, the 
way to work DX is to use the appropriate fre-
quency and timing and call these stations, as 
against the common practice of calling "CQ 
DX." 
The call CQ DX means slightly different things 

to amateurs in different hands: 
a) On v.h.f., CQ DX is a general call ordi-

narily used only when the band is open, under 
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favorable " skip" conditions. For v.h.f. work 
such a call is used for looking for new states and 
countries, also for distances beyond the custom-
ary " line-of-sight" range on most v.h.f. bands. 

b) CQ DX on our 7-, 14- and 28-Mc. bands 
may be taken to mean " General call to any for-
eign station." The term " foreign station" usually 
refers to any station in a foreign continent. ( Ex-
perienced amateurs in the U. S. A. and Canada 
do not use this call, but answer such calls made 
by foreign stations.) 

DX OPERATING CODE 

(For W/VE Amateurs) 

Some amateurs interested in DX work 
have caused considerable confusion and 
QRM in their efforts to work DX sta-
tions. The points below, if observed by 
all W/VE amateurs, will go a long way 
toward making DX more enjoyable for 
everybody. 

I. Call DX only after he calls CQ, 
QRZ?, signs 8K, or 'phone equivalents 
thereof. 

2. Do not call a DX station: 
a. On t he frequency of t he st III 

he is working until you are mir, 
the QSO is over. This is indicated 

by the ending signal SK on c.w. 
and any indication that the opera-
tor is listening, on 'phone. 

b. Because you hear someone else 
calling him. 

c. When he signs KN, AR, CL, or 
'phone equivaletits. 

d. Exactly on his frequency. 
e. After ht vans a directional CQ, 

unless of et airse you are in the 
right direction or area. 

3. Keep within frequency-band limits. 
Some DX stations operate outside. Per-
haps they can get away with it, but you 
cannot. 

4. Observe calling instructit ais of DX 
stations. " 10U" means call ten ke. up 
from his frequency, " 15D" means 15 ke. 
down, etc. 

5. Give honest reports. Many foreign 
stations depend on W and VE reports for 
adjustment of station and equipment. 

6. Keep your signal clean. Key clicks, 
chirps, hum or splatter give you a bad 
reputation and may get you a citation 
from FCC. 

7. Listen for and call the station you 
want. Calling CQ DX is not the best as-
surance that the rare DX will reply. 

8. When there are several W or VE 
stations waiting to work a DX station, 
avoid asking him to " listen for a friend." 
Let your friend take his chances with the 
rest. Also avoid engaging DX stations in 
rag-chews against their wishes. 

c) CQ DX used on 3.5 Mc. under winter-night 
conditions may be used in this same manner. At. 
other times, under average 3.5-Mc. propagation 
conditions, the call may be used in domestic 
work when looking for new states or countries in 
one's own continent, usually applying to stations 
located over 1000 miles distant from your own. 
The way to work DX is not to use a CQ call 

at all in our continent). Instead, use your best 
tuning skill -- - and listen — and listen -- and 
listen. You have to hear them before you can work 
them. Hear the desired stations first; time your 
calls well. Use your utmost skill. A sensitive re-
ceiver is often more important than the power 
input in working foreign stations. If you can hear 
stations in a particular country or area, chances 
are that you will be able to work someone there. 
One of the most effective ways to work DX is 

to know the operating habits of the DX stations 
sought. Doing too much transmitting on the DX 
bands is not the way to do this. Again, listening 
is effective. Once you know the operating habits 
of the DX station you are after you will know 
when and where to call, and when to remain 
silent waiting your chance. 
Many DX stations use the signals IIM, MII, 

I,M and ML to indicate where they are tuning 
for replies. The meanings of these signals am as 
follows: 

11M — Will start to listen at high-frequency end of hand and 
tune toward middle of band. 

MH — Will start to listen in the middle of the band and 
tune toward the high-frequency end. 

LM — Will start to listen at low-frequeney end of hand and 
tune toward middle of band. 

— Will start to listen in the middle of the band and 
tune toward the /ow-frequency end. 

Example: If the procedure will he to tune 
from the middle of the band to the high end. a 
CQ call goes: CQ DE G5ItY NI II K. 

ARRL has recommended some operating pro-
cedures to DX stations aimed at controlling 
some of the thoughtless operating pumices 
sometimes used by \V/VE amateurs. A copy of 
these recommendations (Operating Aid No. Si 
can be obtained free of charge from ARM, Ilead-
quarters. 

In any band, particularly at line-of-sight fre-
quencies, when directional antennas are used, 
the directional CQ such as CQ W5, CQ north, 
etc., is the preferable type of call. Mature ama-
teurs agree that CQ DX is a wishful rather than 
a practical type of call for most stations in the 
North Americas looking for contacts in foreign 
countries. Ordinarily, it is a cause of unneces-
sary QRM. 

Conditions in the transmission medium make 
all field strengths from a given region more 
nearly equal at a distance, irrespective of power 
used. In general, the higher the frequency band, 
the less important power considerations become. 
This accounts in part for the relative popularity 
of the 14- and 28-Me, bands among amateurs who 
like to work DX. 
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OTHER DATA 
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KEEP AN ACCURATE AND COMPLETE STATION LOG AT ALL TIMES! F.C.C. REQUIRES IT. 

A page from the official tRIlL log is shown above, answering every Government requirement in respect to station 
records. Bound logs made up in accord with the above form can be obtained from headquarters for a nominal sum 
or you can prepare your own, in which case we offer this form as a suggestion. The ARM. log has a special wire 
 ling and lies perfectly flat on the table. 

• KEEPING AN AMATEUR 
STATION LOG 

The FCC requires every amateur to keep a 
complete station operating record. It may also 
contain records of experimental tests and adjust-
ment data. A stenographer's la debook can be 
ruled with vertical lines in any form to suit t he 
user. The Federal Communications Commission 
requirements are that a log be maintained that 
shows ( 1) the date and time of each transmission, 
(2) all calls and transmissions made (whether 
two-way contacts resulted or not), (3) the input 

power to the last stage of the transmitter, (4) 
the frequency band used, (5) the time of ending 
each QS0 and the operator's identifying signa-
ture for responsibility for each session of operat-
ing. Messages may be written in the log or sepa-
rate records kept — but record must be made 
for one year as required by the FCC. For the 
convenience of amateur station operators ARRL 
stocks both logbooks and message blanks, and if 
one uses the official log he is sure to comply fully 
with the Government requirements if the pre-
cautions and suggestions included in the log are 
followed. 

Message Handling 
Amateur operators in the United States and 

a few other mutinies enjoy a privilege not avail-
able to amateunq in most countries — that of 
handling third-party message traffic. In the early 
history of amateur radio in this country, some 
amateurs who were among the first to take ad-
vantage of this privilege formed an extensive 
relay organization which became known as the 
American Radio Relay League. 
Thus, amateur message-handling has had a 

long and honorable history and, like most serv-
ices, has gone through many periods of develop-
ment and change. Those amateurs who hamlled 
traffic in 191-1 would hardly recognize it the way 
some of us do it today, just as equipment in 
those days was far different from that in use 
now. Progress has been made and new methods 
have been developed in step with advancement. 
in communication techniques of all kinds. Ama-
teurs who handled a lot of traffic found that or-
ganized operating schedules were more effective 
than random relays, and as techniques ad-
vanced and messages increased in number, trunk 
lines were organized, spot frequencies began to 
be used, and there sprang into existence a num-
ber of traffic nets in which many stations oper-
ated oil the same frequency to effect. wider coy-

tae in less time with fewer relays; but the old 
methods are still available to the amateur who 
'utilities only an occasional message. 

Although message handling is as old an art as 
is amateur radio itself, there are many amateurs 
who do not know how to handle a message and 
have never done so. As each amateur grows 
older and gains experience in the amateur serv-
ice, there is bound to come a time when he will 
he called upon to handle a written message, 
(luring a communications emergency, in casual 
contact with one of his many acquaintances on 
the air, or as a result of a request from a non-
amateur friend. Regardless of the occasion, if it 
comes to you, you will want. to rise to it! Con-
siderable embarrassment is likely to be experi-
enced by the amateur who finds he not only does 
not know the form in which the message should 
be prepared, but does not know what to do with 
the message once it has been filed or received in 
his station. 

Traffic work need not be a complicated or 
time-consuming activity for the casual or occa-
sional message-handler. Amateurs may partici-
pate in traffic work to whatever extent they wish, 
from an occasional message now and then to 
becoming a part of organized traffic systems. 
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This chapter explains some principles so the 
reader may know where to find out more about 
the subject and may exercise the messttge-han-
dling privilege to best effect as the spirit and 

opportunity arise. 

Responsibility 

Amateurs who originate messages for trans-
mission or who receive messages for relay or 
delivery should first consider that in doing so 
they are accepting the nsponsibility of clearing 
the message from their station on its way to its 
destination in the shortest possible time. Fiirty-
eight hours after filing or reveipt is the generally-
accepted rule among traffic-handling amateurs, 
but it is obvious that if every amateur who 
relayed the message allowed it to remain in his 
station this hiong it might be a long time reaching 
its destination. Traffic should be relayed or de-
livered as quickly as possible. 

Message Form 

Once this responsibility is realized and ac-
cepted, handling the message bevomes a matter 
of following generally-accepted standards of 
form and transmission. For this purpose, each 
message is divided into four parts: the preamble, 
the address, the text and the signature. Some of 
these parts themselves are subdivided. It is nec-
essary in preparing the message for transmission 
and in actually transmitting it to know not only 
what each part is awl what. it is for, but. to know 
in what order it should be transmitted, and to 
know the various procedure signals used with it 
when sent by t'. w. If you are going to send a 
message, you may as well send it right. 

Standardization is important There is a great 
deal of room for expressing originality and indi-
viduality in amateur radio, but there are also 
times and phtees where such expression can only 
cause confusion and inefficiency. Recognizing 
the need for standardization in message form 
and message transmitting procedures, ARRI, 
has long since recommended such standards, and 
most traffic-interested amateurs have followed 
them. In general, these recommendations, tool 
the various changes they have undergone froto 
year to year, have been :It the request of tuna-
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number, station of origin, cheek. 111111 

filed, date. 

tents participating in this activity, and they are 
cionpletely outlined and explained in 0 pending 
an A ',Jolene Radio Station, a copy of which is 
available upon request or by use of the coupon 
at the end of this chapter. 

Clearing a Message 

Amateurs not experienci)11 in it hanilling 
should depend on the i)xperii)need message-
handler to get a message through, if it is inwor-
tant ; but the average amateur van enjoy operat-
ing with a message to loe handled either through 
a local traffic net or by free-lancing. The latter 
may 1)e accomplished toy careful listening for an 
afloat eut' station at desired point s, direet halal 

use of the General or 

by Inal:ing zuld keeping a with another 
amateur for regular wierk hutween specified 
points. Ile may well aim at learning and enj' by-
big through tliting. The joy and accomplishment. 
ill thus developing one's operating skill to top 
perfeetion has a rewaril all its invn. 
The best way to clear a message is to put it. 

into one of the many organized traffic networks, 
or to give it to a station who van (10 so. There 
ant many amateurs who make the han lling of 
traffic their principal operating avtivity, and 
nanny mon• still who participate in this activity 
to a gntater or lesser extent. The result is a sys-
tem of Irttflie nets which spreads to all corners. of 
the Unitill States and covets lutist S. posses-
sions :mil t'anada. Once a message guts inn, one 
of these nuts, regardless of the ners size or ()ov-
erage, it is sy,t enuitiuolly tttvuiri.I its iii'S-

tinat ion in the shortest possible tins). 
If you devide to •• take the bull by the horns" 

and pto the message into a traffic net yourself 
(and more power to you if :ittt tilt!, vial will 
need to know sionlething about how trit'llic nets 
operate, and the special Q signals and procedure 
they use to dispatigi all trallii• with a maximum 
of efficiency. Iteference to net lists in (2.';'/' ( usu-
ally in the November and January issues) will 
give you the frequeney anti operating time of thL) 
net in oitir seed( pit, or ' other net into w"lieli your 
nussage can go. Listening for a few mintih's at 
the time and frequency in heated should ac-
quaint you ‘vith enough fundamentals to enable 
you to report into the net and indicate ‘-our 
traflip. Vroin that tins) on volt follow t ot) inslruc-
thins itf the net control stt(tion, who will tell vial 
when and to NvItion tIng ion wgat fritquenc;•, it' 
different front the net frequency • ti) send 'your 
1)) ) ...,age. Sin e() most nets use the special "QN" 
,ignals. it is 11,11:1.1IV VI`I'V 111'10.111 to have a list 
'ti thus(' hefore yott t list available from Alilt.l, 
l I i 1. . 

Net work Operation 

About this tins., vooti may find tliat you are 
enjoying this type of operating ;tot ivity and ‘vant 
to knoW more al) tut it, an,1 to increase your 
profi.geney. amateurs are happily " wi-
thout!" to trallio handling after only ono or In. 
I nief exposures to it. Mist traffic tout s are at pres-
ent being conducted hy since titis tootle of 
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communication seems to he more popular for 
record purposes— but this does not mean that 
high code speed is a necessary prerequisite to 
working in traffic networks. There are many nets 
organized specifically fin. the slow-speed amateur, 
and most of the so-called '' fast' nos are usually 
glad to slow down to accommodate slower opt•ra-
tors, esperially those nets at state or section level. 
The significant facet of net operation, how-

ever, is that 'o il' speed altutie does not make for 
ellieiency sometimes quite the contrary! A 
high-speed operator who does not know net pro-
cedure can " foul up" a net much more com-
pletely and more quickly than tutu a slow opera-
tor. It is a proven fact that st Isunch of high-speed 
operators tt ho are noi - savvy ¡ it net opera( 

cannot auo,niplish as nuteh during a specified 
period a, :01 equal number of slow operators who 
know net procedure. Don't let your voile speed 
deter you from getting into traffic work. Given 
a little time, pair speed will reach the point 
where you ean compete with the best of them. 
'noient rate first tun learning net procedure, for 

most traffic nowadays is handled on nets. 
Team work is the theme of net opera t ion. The 

Het wiiieh fitu;•;;;;;;, float efficiently is the net 
in whieh all part ivipants are thoroughly familiar 
with the proeedure 115(41, alld iii W111(11 
111.111i 11 frmn transmitting except at the ( final it in 
of the net control station, and do not oreupy 
time with extraneous vomments, even exchange 
of pleasantries. There is a time and place for 
everything. when It net is iii 5(.551011 it S110111(1 
(411114all tale Oil handling traffic. until all traffic is 
(geared. Before or after the net is the time for 
rag-chewing and discussion. Some details of net, 
operation an, ineluded in Op( rating an Amateur 
lladin Station, mentioned earlier, but the whole 
story vannot be tuid. The.. ;5 uu substitute for 
51(1 ii;i1 pirt ieipat 

The National Traffic System 

To facilitate and speed the movement of mes-
sage traffic. I tyre is in existenee an integrated 
national system by means of which originated 

Emergency 

tr:,1H• nortnallv reach its destination area 
the same day t it• nte,,,sige is originated. This sys-
tem uses the local section net as a basis. Each 
section net sends a representative to a " regional" 
net ( normally covering a call area) and each 
"regional" net sends a representative to an 
"area" net ( normally covering a time zone). 
After the area net has cleared all its traffic, its 
members then go hack to their respective re-
gloied nets, Mier, tlev clear traffic to the various 
section net representatives. When this is done, 
the stilton representatives return to their section 
nos to distribute the traffic to or near its ulti-
mate destination. liy means of connecting sched-
ules bet ween the lour ztrea nets, traffic can flow 
both ways so that t rattle originated on the West 
Coast resoles the East ( 'oast the same night, it 
is originated, and vice versa. In general I((('al 
section nets function at 1900, regional nets at 
1945, area nets at 2030 and the same or , lifferent, 
regional and section groups meet again at 2 130 
and 2200 respectively. Local tinte is reformed to 
in each case. 
The NTS plan somewhat spreads traffic oppor-

tunity so that casual traffic may be reported into 
nets for eflicit•nt Itandling one or two nights per 
week, early or late; or the ardent traffic man can 
operate in bol/( early and late groups anti in he-
between to roll up impressive totals and ',petal 
traffic reliably to its destination. Old-time traffic 
men who Im.fer a high degree of organization 
and teamwork have returned to the traffic game 
as a result of the new system. Beginners have 
shown mom interest in becoming part of a sys-
tem nationwide ill seope, in which anyone can 
participate. The National Traffic System has 
vast and intriguing possibilities as an amateur 
service. It is open to any amateur who wishes to 
part icipat e. 
The above is but the briefest résumé of what, 

is of neressity a rather complieated arrangement 
of nets and schedules. C'omplete details of the 
System and its operation are available to anyone 
intcrested. Just drop a line to ARM, Head-

Communication 
One of the .11111).0:1111 \\ the 

amstteur serves the public, thus making his ex-
istt•nce a national asset, is by his preparation for 
and luis partivipati(in Hl communipations ono.-
envies. Every amateur, regardless of the extent 
of his intrinal operating should give 
some thought to the possibility ( uf luis being the 

111(.:1115 l ¡Pal should his (4,111-
111tinity cut id from the outside world. lt has 
happened many times, often in tue most unlikely 
places; it has happened without Nvanning, finding 
some amateurs totally unprepared; it can happen 
tui ym. Are you ready? 
There all. two principal ways in which any 

amateur can prepare himself for such an even-

Olie is i" himself with equip-
ment eapahle of oporating on any type of emer-
geney power i.e., either a.c. or d. e, I, and equip-

mum rusulily be transported to the 
seene of disaster. Mobile equipment is especially 
dcsirable Hi most emergeney situations. 

Sueli equipment, regardless of its elaborate-
ness or modernness, is of little use, however, if 
it is not used properly and at the right times; 
and so another way for an amateur to prepare 
himself hut. emergencies, by no means less im-
portant than the first, is to learn to op, rate effi-
ciently. Then. are many amateurs who feel that 
they know how to opt•rate effiviently who find 
themselves ('I (h limulivapped at the 
ertivial time by not knowing proper provedttre, 
by being unable due to years of easual amateur 
operation to adapt themselves to snappy, ab-
breviated transmissions, and by being unfamiliar 
with message form and routing procedures. It is 
tlangerous to overrate your ability in this respect; it 
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tarticipate fully in the activities anti to apply b. 
the SCM for one of the following station ap-
pointments: 

OPS 

ORS 

OBS 

OES 

00 

Official ' Phone Station. Voice operating, example 
in setting raeerating standards, activities on voice, 
devotes radio efforts to furthering voice nets and 
t rallie. 
Official Relay Station. Traffic service, ola•rates 
nets and trunk lines; noted for 15 w.p.m. and pro-
cedure ability. 
Official Bulletin Station. Transmits ARRL and 
FCC bulletin information to amateurs. 
Official Experimental Station. Experimental op-
erating, collects and reports v.h.f.-u.h.f..s.h.f. prop-
agation data, may engage in facsimile, TT. TV, 
etc., ex writuents. 
Official Observer. Sends cooperative notices to 
amateurs to assist in frecpienes observance, insures 
high-quali;y signals, and prevents FCC trouble. 

Emblem Colors 

Members wear the emblem with Hack-enamel. 
backgroini,I. A red bail:ground for an emblem 
will indivitte that the wearer is SUM. 
ECs, It Ms, PAMs may wear the emblem with 
green background. Observers anti all station ap-
'minims are entitled to wear emblems with blue 
I ackground. 

• SECTION NETS 
Amateurs can add much experience and pleas-

ure to their eiwn amateur lives, and substance 
anti accomplishment to the credit of all of ama-
teur radM, when organized into effective inter-
connection of tif it's and towns. 
The successful operation of a net depends a 

lot on the Net Control Station. This station 
should be chosen carefully and be Ms' i hid Will 

not hesitate to enforce each anti evury net rule 
and set the example in his own operati,m. 
A progressivt net grows, obtaining new mem-

bers both directly and through other net mem-
bers. Bulletins may it• issned at intervals to keep 

in direct cunt:P*1 with the members regarding 
general net activity, to keep tab on net procedure 
and make suggest its for improvement, to keep 
tritek of artive members and weed out inactive 
ones. 
A National Traffic System is sponsored by 

Alt Et to facilitate the over-all expeditious relay 
an,1 delivery of message traffic. The system recog-
nizes the neeil for handling traffic beyond the 

section-level networks that have the popular 
support of both 'phone and c.w. groups (OPS 
and ORS) throughout the League's field organiza-
tion. Area and regional provisions for NTS are 
furthereil by Headquarters correspondence. The 
ARRL Net Directory, revised in Derember each 
year, includes the frequeneies and times of op-
eration of the hundreds of different nets operating 
on amateur band frequencies. 

Radio Club Affiliation 

ARRL is pleased to grant affiliation to any 
amateur society having ( I) at least 51(.; of the 
II itu t g elub membership as full members of the 
l.eague, and (2) at least ; of society govern-

t -lieensed radio atnateurs. Where a society 
has common aims and wishes to iuld strength to 
hat of other club groups to strengthen amateur 
radio by affiliation with the national amateur 
organization, a request addressed to the Corn-
muni: it lit I imager will bring the necessary 
forms and information to initiate the application 
for affiliation. Such clubs receive field-organiza-
tion bulletins and speeial information at intervals 
for posting tat club bulletin boards or for tel; ti' to 
their memberships. A travel plan providing Vinu-
munirations, technival and secretarial contact 
front the Headquarters is worked out seasonally 
to give maximum benefits to as many as possible 
of the several hundred aetive affiliated radio 
clubs. Papers on club work, suggt)stions for 
organizing, for constitutions, for radio courses of 
study, ete., are availalile on request. 

Club Training Aids 

One seetiim of the ARM. Communications 
Department handles the Training Aids Pro-
gram. This program is a service to AREL affili-
ated clubs. Material is supplied for club programs 
aimed at education, training and entertainment 
of club members, to make your club meetings 
more interesting and consequently better at-
tended. Interesting quiz material is available On 
a variety of subjects. 

Training Aids include such items as motion-
picture films, fihn strips, slides, and lecture out-
lines. Also, code-proficiency training equipment 
slid' as recorders, tape transmitters and tapes 
will be loaned when such items are available. 

All Training Aids matt•rials are loaned free 
'\' ' t b)r shipping charges) to ARRL affiliated 

clubs. Numerous groups use this ARM, service 
wsKi advantage. If your club is affiliated but 

has not yet taken advantage of titis service, you 
are missing a good chance to add the available 
features to your meeting programs anti general 
dub activit'ies. Watch club bulletins and Q.ST 
or write the AREL Communivations Depart-
ment 1.4 ir full details. 

• W1AW 
The Maxim Memorial Station, WI AW, is 

dedicati4 I to fraternity and service. Operated 
by the i.eagia) headquarters, WI AW is located 
about four miles south of the Headquarters of-
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Sees on a seven-acre site. The station is on the : tii. 
daily, except holidays, and available time is 
divided between differel tt. I ands and modes. 

Telegraph 
and phone 
transmit ters 
are pr ii, led 
for all bands 
from 1.8 to 
144 Mc. The 
normal fre-
quencies in 
each band 
for c.w. and 

voice transmissions are as follows: 1885, 3555, 
3950, 7130, 14.100, 14,280, 28,768, 52,000 and 
146.000 ke. Opvrating-visiting hours and the 
station I I I scaet.u.e are listed every other month in 
QS7'. 

All amateurs are inviti4l to visit WI AW, as 
well as to work the station hotu their own 
shacks. The station was established to be a liv-
ing memorial toil train Perry Maxim and to carry 
on the work and traditions of the amateur fra-
ternity. 

• OPERATING ACTIVITIES 
Within the AMU. field organization there apt 

several special activities. The first Saturday 
night each month is set aside for all .1It If I. 
officials, officers and director,: to get logo her 
over the air from their own stations. This ac-
tivity is known to the gang as 1.0-NITE. For 
all appointees, quarterly htsts called CD ixtr-
ties are scheduled to ilevelop operating ability 
and a spirit ( if fraternalism. 

In adilition to these special activities for ap-
pointees and members, All siionsors various 
other activities open to all amateurs:. The DN.--
minded amateur may participate in the Annual 
ARM, International DX Competition during 
February and March. This popular contest may 
bring you the thrill of working new countries. 
Ten there is the ever-popular Sweepstakes in 
November. Of domestic scope, the SS affords the 
Opp trtunity to work new states for that \V AS 
award. A Ni vice activity is planned annually and 
for the 28-Me, gang there is the Ten-Meter WAS 
Contest held each year. The interests of vhf. 
enthusiasts are also provided for in special ac-
tivities planned by A 11H L. 
As in all our operating, the it of having a 

good time is combined in the Annual Field Day 
with the more serious thought of preparhig our-
sely(s to render public service in times of emer-
gency. A premium is lelaced on the use of equip-
ment without connectiott to commercial power 
steut•ces. ' kilts anti individual groups always have 
a good time in the " FD," learn much about tla• 
requirements for operating under knockabout 
conditit ins afield. 

.1111{1. politest activities are diversified to 
appeal to all operating interests, anti will be 
found announced in detail in issues of QS?' 
preceding the different events. 

• AWARDS 

The League-sponsored operating activities 
heretofore mentioned have itsAltel objectiv,-
:111 ,1 provide much enjoyment for members of 
the fraternity. Achievement in amateur radio 
is recognized by various certificates offered 
through the League and detaiW below. 

WAS Award 

WAS means " Worked All States." Titis 
award is available leg:tidies. alfilLitimi or 
nonaffiliation with any organization. Here are 
the rules to follow in applying for 

I) Two-way communications must be established on the 
amateur bands with all forty-eight [ lanai States; any and 

e # fir ittetican eabia etiap Itagut, 
2:X AC/111, 41,1" 

• slug Cabin 

e.tlat 

,4t 
, 

- teifleae.ett 

ail amateur bands IllaV 11Seil..‘ i,,,,,, it,,' I ns triet 
C'olumbia may be siMmitted in lieu ,f one fro,' Maryland. 

2) ('iintacts wit', all forty-eight , tate-, must be made 
from the same location. Within a given community One 
'oration may be defined as front plaees no two of which are 
more than 25 mile- miart. 

3) Contacts inay be t,:,, ti' , tver any tteriod of years, and 
may have been made any number of years ago, provided 
only that all contaiit, are iron, the same location, 

it) l'orty-iiiglit QS1, ciirds, or other written communica-
tion, from stittiu•is worked eigifirming the necessary two-
way cirit•icri., tici-t submitted by the applicant to AitRL 
hea)fi rtarters 

5) Sullieient postage must be sent with the confirmations 
to finanee their return. X0 correspondence will be returned 
unle-, is furnished. 

Th, wAS awaril is available to all amateurs. 
7) Aililress att applieations and continuations to the 

ou nient  1)eitartment, Altlt L, 38 La Salle Road, 
\Vest Hartford, Conn. 

DX Century Club Award 

Here are the rules under which t he DX Cen-
tury Club Award will be issued to amateurs who 
have tvorked anti V011filtilled (t011t : el Wit h 100 
countries in the pi ist war pisriteil. If you worked 
fewer than 100 countries before the war and have 
since worked anti rfinenuwd a sufficient number 
to make the 100 mark, the DXCC is still avail-
able to you under the rules do ailet1 on page 74 of 
June, 1946, QS7'. 

I) Tite Centitr- Club Award Certificate for confirmed 
taintaets with 1011 ir more to,, is available to all 
amateurs everywhere in the world. 

2) l'onlirmations must be submitted direct to AR.111.. 
headintarters for all ()Enmities claimed. Claims for a total of 
109 countries twist be included with first application. Con-
firmation from foreign ointest Me> may be requested in the 
case of the ARRL International DX Competition only, 
subject to the following conditions: 

a) Sufficient confirmations ef other types niust be sub-
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nutted so that these, plus the DX Contest confirmations, 
will total 100. In every case, Contest confirmations must 
not be requested for any countries from which the applicant 
has regular confirmations. That is, contest confirmations 
will be granted only in the ease of countries from which 
applicants have no regular confirmations. 

b) Look up the contest results as published in QST to 
see if your man is listed in the foreign scores. If he isn't, he 
did not send in a log and no confirmation is possible. 

el Give year of contest, date and time of QS0. 
d) In future DX Contests do not request confirmations 

until after the final results have been published, usually in 
one of the early fall issues. Requests before this time niust 
be ignored. 

3) The ARRL Countries List, printed periodically in 
QST, will he used in determining what constitutes a " coun-
try." The Miscellaneous Data chapter of this Handbook 
contains the Postwar Countries List. 

4) Confirmations must be accompanied by a list of 
claimed countries and stations to aid in checking and for 
future reference. 

5) Confirmations from additional countries may be sub-
mitted for credit each time ten additional confirmations are 
available. Endorsements for affixing to certificates and 
showing the new confirmed total ( 110, 120, 130, etc.) will be 
awarded as additional credits are granted. ARRL DX 
Competition logs from foreign stations may be utilized for 
these endorsements, subject to conditions stated under (2). 

6) All contacts must be made with amateur stations 
working in the authorized amateur bands or with other sta-
tions licensed to work amateurs. 

7) In cases of countries where amateurs are licensed in 
the normal manner, credit may be claimed only for stations 
using regular government-assigned call letters. No credit 
may be claimed for contacts with stations in any countries 
in which amateurs have been temporarily closed down by 
special government edict where amateur licenses were for-
merly issued in the normal manner. 

8) All stations contacted must be " land stations" . . . 
contacts with ships, anchored or otherwise, and aircraft, 
cannot be counted. 

9) All stations must be contacted from the same call 
area, where such areas exist, or from the saine country in 
cases where there are no call areas. One exception is allowed 
to this rule: where a station is moved from one call area to 
another, or from one country to another. all eontarts must 
be made front within a radius of 150 miles of the initial 
location. 

10) Contacts may be inade over any period of years frtm, 
November IS, 1945, provided only that all contacts be n,.!, 
under the provisions of Rule 9, and by the same › tr, • 
licensee; contexts may have been made under different 4,1 
letters in the saute area (or country), if the licensee for a 
was the same. 

II) All confirmations must be submitted exactly as re-
ceived from the stations worked. Any altered or forged con-
firmations .submitted for CC credit will result in dis,pialifica-
lion of the applicant. The eligibility of any DXCC applicant 
who was ever barred from DXCC to reapply, and the condi-
tions for such application, shall be determined by the 
Awards Committee. Any holder uf the Century Club Award 
submitting forged or altered confirmations must forfeit his 
right to be considered for further endorsements. 

12) OPERATING ETHICS: Fair play and good sports-
manship in operating are required of all amateurs working 
toward the DX Century Club Award. In the event of specifie 
objections relative to continued poor operating ethics an 
individual may be disqualified front the DX( 'C by action 
of the ARRL Awards Conunittee. 

13) Sufficient postage for the return of confirmations 
must be forwarded with the application. In order to insure 
the safe return of large batches of confirmations, it is sug-
gested that enough postage be sent to make possible their 
return by first-class mail, registered. 

14) Decisions of the ARRL Awards Committee regard-
ing interpretation of the rules as here printed or later 
amended shall be final. 

15) Address all applications and confirmations to the 
Communications Department, ARRL, 38 La Salle Road. 
West Hartford 7, Conn. 

WAC Award 

The International Amateur Radio Union 
issues WAC (Worked All Continents) certificates 

to all members of member-societies who submit 
proof of t wo-way communication with at least 
one station on each continent. Foreign amateurs 
submit tlieir proof direct to member-societies 
of the lAltU. Others may make application to 
AMU., headquarters society of the Union. A 
c.w. and a telephony certificate are available. 
Also, special endorsement will be placed on cer-
tificates upon receipt of request accompanied 
by proof of having worked all continents on 50 
Mc. 

Code Proficiency Award 

Many hams can follow the general idea of a 
contact " by ear" but when pressed to " write 
it, down" they " muff" the copy. The Code 
Proficiency Award invites every amateur to 
prove himself as a proficient, operator, and sets 
up a system of awards for step-by-step gains 
in copying proficiency. It enables every amateur 
to cheek his code proficiency, to better that pro-
ficiency, and to receive a certification of his re-
ceiving speed. 

This program is a whale of a lot of fun. The 
League Mill give a certificate to any licensed 
radici amateur who demonstrates that he can 
copy perfectly, for at least ont' minute, plain-
language Cont mental co, le at 10, 15, 20, 25, 30 or 
35 words per minute, as transmitted during 
si erial monthly transmissions from W1AW and 
W6OW P. 

As part of the AMU, Code Proficiency pro-
gram W IA \V t rat ism t s plaitt-language practice 
material evenings, Monday through Friday, at 
speeds from 5 to 35 w.p.m. All amateurs are 
invited to use these transmissions to increase 
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their code-copying ability. >« ii-amateurs are 
invited to utilize the lower speeds, 5, 71:2 and 10 
w.p.m., which are transmitted for the benefit, of 
persons studying the code in preparation for the 
amateur license examination. Refer to any issue 
of QST for details of the practice schedule. 

Rag Chewers Club 

The Rag Chewers Club is designed to en-
courage friendly contacts and discourage the 
"hello-good-by" type of QS0. Its purpose is to 
bond together operators interested in honest-to-
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goodness rag-chewing over the air. Member-
ship certificates are available. 

How To Get in: ( I) Chew the rag with a member of the 
club for at least a solid half hour. This does not mean a half 
hour spent in trying to get a message over through bad 
QRM or QRN, but a solid half hour of conversation or mes-
sage handling. (2) Report the conversation by card to The 
Rag Chewers Club, ARRL, Communications Department, 
West Hartford, Conn., and ask the member station yogi talk 
with to do the same. When both reports are received you 
will I* sent a membership certificate entitling you to all the 
prit ilcgts of a Rag Chewer. 
How To Stay in: ( I) Be a conversationalist on the air in-

stead of one of those tongue-tied infants who don't know any 
words except " cuagn or " e td, or " QRC" or Talk 
to the fellows you work with atol get to know them. (2) 
Operate your station in accordance with the radio laws and 
ARRL practice. (3) Observe rules of courtesy on the air. 
(4) Sign " ItCC" after each call so that others may know 
you can talk as well as call. 

A-1 Operator Club 

The A-1 Operator Club should include in its 
ranks every good operator. To become a mem-
ber, one must be nominated by at least two 
operators who already belong. General keying 
or voice technique, procedure, copying ability. 
judgment and courtesy all count in rating candi-
dates under the club rules detailed at length in 
Operating an Amateur Radio Station. Aim to 
make yourself a fine operator, and ins. of these 
(lays you may be pleasantly surprise 'l by an invi-
tation to belong to the A-1 Operator Club, which 
carries a worth-while certificat in its own right. 

Brass Pounders League 

Every individual reporting more than a speci-
fied minimum in official monthly traffic totals is 
given an honor place in the Q87' listing known 
as the Brass Pounders League and a rertfficate 
to recognize his performance is furnisis.(1 by Ow 
SOM. 

The value to amateurs in operator training, 
and the utility of amateur message handling 
to the members of the fraternity itself as well as 
to the general public, make message-handling 
work of prime importance to the fraternity. 
Fun, enjoyment, and the feeling of having done 
something really worth while for one's fellows is 
accentuated by pride in message files, records, 
and letters from those served. 

Old Timers Club 

The Old Timers Club is open to anyone who 
holds an amateur call at the present time, and 
who held an amateur license (operator or sta-
tion) 20-or-more years ago. Lapses in artivity 
during the intervening years are permitted. 

If you can qualify as an " Old Timer," send 
us a brief chronology of your ham career, being 
sure to indicate the date of your first amateur 
license, and your present call. If the evidence 
submitted proves you eligible for the OTC, 
you will be added to the roster and will meeive 
a membership certificate. 

• INVITATION 
:\inatiqtr radio is capable of giving unjuy-

tnent, self-training, social and organizatioti bene-
fits in proportion to what the individual amateur 
imts into his hobby. All amateurs are invited to 
become ARRL menffiers, to work toward awards, 
and to accept the challenge and invitation of-
fered in field-organization appointments. Drop 
a line to ARRL Headquarters for the booklet 
Operating an Amateur Radio Station, whieh has 
detailed information on the fell-orga tlization ap-
pointments and awards. Accept today t he invita-
tion to take full part in all League to•t vil ii'. and 
organization work. 

SEE NEXT PAGE 
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Operating an Amateur Radio Station 
covers the details of practical amateur operating. 
In it you will find information on Operating Prac-
tices, Emergency Communication, ARRL Op-
erating Activities and Awards, the ARRL Field 
Organization, Handling Messages, Network 
Organization, "Q" Signals and Abbreviations 
used in amateur operating, important extracts 
from the FCC Regulations, and other helpful 
material. It's a handy reference that will serve 
to answer many of the questions concerning 
operating that arise during your activities on 
the air. 

lito If you as a licensed amateur should ever find 
yourself in a position to serve during an emer-
gency, there are a lot of things you will wish 
you had known beforehand. You will do the 
best you can, and those you serve will sing your 
praises — but you yourself will realize that had 
you been better prepared you could have done 
more and done it more effectively. The booklet 
Emergency Communications would have told 
you all you needed to know. You should have 
had it, studied it, and followed up its advices. 
Don't wait until the emergency is upon you to 
wonder what you should do and how you should 
do it. Get a copy of Emergency Communica-
t:ons and make your preparations now! 

The two publications described above 
may be obtained without charge by 
any Handbook reader. Either or 
both will be sent upon request. 

AMERICAN RADIO RELAY LEAGUE 
38 La Salle Road 
West Hartford 7, Connecticut, U. S. A. 

Please send me, without charge, the following: 

OPERATING AN AMATEUR RADIO STATION 
EMERGENCY COMMUNICATIONS 

Name  
(PlHose- Print) 

Address  



CHAPTER 26 

Miscellaneous Data 
• Q SIGNALS 

( ; i ven below are :t numl)er of signals whose 
meanings most of need 10 IR exnrusseil with 
brevity and i•Imomess in iimateur work. ab-
breviations 1 a 1:1. the form of questions only whim 
earh is sent follon•ml by a, question mark.) 

QTtG Will you tell me my exact frequeney (or that 
of )? Your exact frequency ( or that 
of  ) is  

QRII Does my frequency vary? Your frequency varies. 

QRI flow is the tone 'et any transmission? The tone of 
your transmission is ( I. (; tat.]: 2. Variable; 
3. Bad). 

QRK What is the readability of tny signals (or those 
of y' The readability of your signals (or 
those if  ) is  ( 1. Unreadable; 2. Read-
able now and then; : 1. Readable but with dif-
ficulty; 4. Readable; 5. Perfectly readable). 

QRL Are you busy? I rit, busy (or I ant busy with 
  ). Please do not interfere. 

QRM Are you being interferetl with? I : tin interfered with. 

QRS. Are you troubled by static? I ant being troubled 
by static. 

QRQ Shall I send faster? Send faster ( words per 

QRS Shall I send more slowly? Send more slowly (.... 
w.p.m.). 

QRT Shall I stop sending? Stop sending. 

QRU Have you anything for me? I have nothing for you. 

QIIV Are you ready? I am ready. 

QRW Shall I tell   that you are calling him on 
 km? Please inform that I ant calling 
hint on te. 

QRX When will you call me again? I will call you again 
at hours (on  

QRZ Who is calling me? You are being called by  
(on km). 

QSA What is the strength of my signals (or those of 
)9 The strength of your signals (or those 

of ) is  ( I. Scarcely perceptible; 2, 
Weak: 3. Fairly good; 4. ( ood; 5. Very good). 

QSB Are my signals fading? Your signals are fading. 

QSD Is my keying defective? Your keying is defective. 

QSG Shall I send messages at a tinte? Send  
messages at a time. 

QS", Can you acknowledge receipt? I am acknowledging 
receipt. 

QSM Shall I repeat the last message which I sent you, 
or some previous message? Repeat the last 
message which you sent me [or IlleSS:12e(s) 

number(s) I. 
QS0 C'an you cot lllll ' animate with ... direct or by relay? 

I can communicate with direct (or by relay 
through 1. 

QSP Will you relay to  I will relay to  

QSY Shall I send a series of Vs on tins frequency (or 
....ke.)? Send a series of Vs on this frequency 
(or lie.). 

QSW Will you send on this frequency (or on.... km)? 
ant going to send on this frequency (or on 

 te.). 

QSX Will you listen to on te.? I am listening 
to on ke. 

QSY 

QSZ 

QTA 

QTB 

QT( 

QT I I 

QTR What is the exact time? The time is  

Special abbreviations adopted by A ltRL: 
QST General call preceding a message addressed to all 

amateurs and A It RI. members. This is in effect 
"('Q ARR I.." 

QRRR Offieial ABRI. " land SOS." A distress call for 
emergency use only by a station in an emergency 
sit nation. 

Shall I change to transmission on another fre-
quency? Change to transmission on anot her 
frequency (or on.... ke.). 

Shall I send eat+ word or group more than once? 
Send each Wfwd or group t vice (or.... times). 

Shall I cancel message nuntber....as if it had not 
been sent? Cancel message number as if it 
had not been sent. 

Do you agree with any counting of words? I do not 
agree with your counting of words; I will repeat 
the first letter or digit of each word or group. 

limy many messages have yott to send? I have... . 
messages for you (or for ). 

What is yottr location? My location is  

THE R-S-T SYSTEM 
READABILITY 

— Unreadable. 

2 — Barely readable, occasional words distinguish-
able. 

3 — Readable with considerable difficulty. 

4 — Readable with practieally no difficulty. 

5— Perfectly rp,r,IAHr.. 

SIGNAL STRENGTH 

1 — Faint signals, barely perceptible. 

2 — Very weak signals. 

3 — Weak signals. 

4 — Fair signals. 

5 — Fairly good signals. 

6 — Gootl signals. 

7 — Moderately strong signals. 

— Strong signals. 

9 — Extremely strong signals. 

TONE 

1 — Extremely rough hissing note. 

2 — Very rough a.c. note, no trace of musicality. 

3 — Rough low-pitched a.c. note, slightly musical. 

4 — Rather rough ac. note, moderately musical. 

— Musically-mot labile,' note. 

6 — Modulated note, slight trace of whistle. 

7 — Near i.e. not., smooth ripple. 

8 — Gootl d.c, note, just a trace of ripple. 

9 — Purest d.e. note. 

If the signal has the characteristic steatliness of 
crystal control, add the letter X to the RST report. 
If then, is a chirp. the letter ( may be an to so 
indicate. Similarly for a click, add K. The above 
reporting system is used on both c.w. and voice. 
leaving out the " tone" report on voice. 
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Alabama W4 
Arizona W7 
Arkansas W5 
California  
Colorado WO 
Connecticut W 1 
Delaware W3 
District of Columbia W3 
Florida W4 
Georgia W4 
Idaho W7 
Illinois  W9 
Indiana W9 
Iowa.  WO 
Kansas WO 
Kentucky W4 
Louisiana W5 

AAA-ALZ 
AMA-AOZ 
A PA-ASZ 
ATA-AWZ 
AXA-AXZ 
A YA-AZZ 
CAA-CEZ 
CFA-CKZ 
CLA-CMZ 
CNA-CNZ 
COA-COZ 
CPA-CPZ 
CQA-CRZ 
CSA-CUZ 
CVA-CXZ 
CYA-CZZ 
DAA-DMZ 
DNA-DQZ 
DRA-DTZ 
DUA-DZZ 
EAA-EHZ 
EIA-EJZ 
EKA-EKZ 
ELA-ELZ 
EMA-EOZ 
EPA-EQZ 
ERA-ERZ 
ESA-ESZ 
ETA-ETZ 
EUA-EZZ 
FAA-FZZ 
GAA-GZZ 
11AA-HAZ 
IIBA-HBZ 
I ICA-HDZ 
HEA-HEZ 
I I FA-IIFZ 
I 1GA-HGZ 
HHA-HHZ 
IIIA-HIZ 
1f JA-HEZ 
IlLA-HMZ 

110A-HPZ 
IIQA-HRZ 
IISA-HSZ 
IITA-HTZ 
IlUA-HUZ 
If VA-H VZ 
IINVA-HYZ 
lIZA-HZZ 
IAA-IZZ 
JAA-JSZ 
JTA-JVZ 
JWA-J X Z 
JYA-JYZ 

Spain 
Pakistan 
India 
Australia 
Argentine Republic 
Chile 
Canada 
Cuba 
Morocco 
Cuba 
Bolivia 
Portuguese Colonies 
Portugal 
Uruguay 
Canada 
Germany 
Belgian Congo 
Bielorussia 
Philippines 
Spain 
Ireland 
U.S.S.R. 
Republic of Liberia 
U.S.S.R. 
Iran 
U.S.S.R. 
Estonia 
Ethiopia 
U.S.S.R. 
France and Colonies 
Great Britain 
Hungary 
Switzerland 
Ecuador 
Switzerland 
Poland 
Hungary 
Republic of Ilaiti 
Dominican Republic 
Republic of Colombia 
Korea 
Iraq 
Republic of Panama 
Republic of Honduras 
Siam 
Nicaragua 
Republic of El Salvador 
Vatican City State 
France and Colonies 
Saudi Arabia 
Italy and Colonies 
Japan 
Mongolian Republic 
Norway 
Jordan 

W PREFIXES BY STATES 

WI Ohio  
Maryland  W3 Oklahoma  
Massachi,..t  WI Oregon 
Michigan W8 Pennsylvania  
Minnesota WO Rhode Island  
Mississippi W.1 South Carolina 
M issouri WO South Dakota   
NIontana W7 Tennessee  
Nebraska WO Texas  
Nevada W7 Utah 
New Hampshire WI Vermont  
New Jersey W2 Virginia  
New Mexico W.1 Washington  
New York W2 West Virginia 
North Carolina W4 Wisconsin  
North Dakota WO Wyoming  

INTERNATIONAL PREFIXES 

JZA-JZZ 
KAA-KZZ 
LAA-LNZ 
LOA-LWZ 
I.XA-LX Z 
LYA-LYZ 
LZA-LZZ 
MAA-NIZZ 
NAA-NZZ 
OAA-OCZ 
ODA-ODZ 
OEA-0EZ 
OFA-037. 
OKA-ONIZ 
ONA-OTZ 
OUA-OZZ 
PAA-PIZ 
PJA-PJZ 
PKA:POZ 
PPA-PYZ 
PZA-PZZ 
QAA-QZZ 
RAA-RZZ 
SAA-SMZ 
SNA-SRZ 
SSA-SUZ 
SVA-SZZ 
TAA-TCZ 
TDA-TDZ 
TEA-TEZ 
TFA-TFZ 
TGA-TGZ 
THA-THZ 
TIA-TIZ 
TJA-TZZ 
UAA-UQZ 
URA-UTZ 
UIJA-UZZ 
VAA-VGZ 
VIIA-VNZ 
VOA-VOZ 
l'A-VSZ 

VTA-VWZ 
V XA-VYZ 
VZ A-VZZ 
WAA-WZZ 
XAA-X IZ 
XJA-XOZ 
X PA-X PZ 
XQA-XRZ 
XSA-XSZ 
XTA-XTZ 
XUA-XL-7. 
XVA-XVZ 
X W A-XWZ 
XXA-XXZ 

Netherianis Nia ; ulna 
U.S.A. 
Norway 
Argentine Republic 
Luxembourg 
Lithuania 
Bulgaria 
Great Britain 

Peru 
Republic of Lebanon 
Austria 
Finland 
Czechoslovakia 
Belgium and Colonies 
Denmark 
Netherlands 
Ciiracao 
Netherlands Indies 
lirazil 
Surinam 
(Service abbreviations) 
U.S.S.R. 
Sweden 
Poland 
Egypt 
Greece 
Turkey 
Guatemala 
Costa Rica 
Iceland 
Guatemala 
France and Colonies 
Costa Rica 
France and Colonies 
U.S.S.R. 
Ukrainian Republic 
U.S.S.R. 
Canada 
Australia 
Newfoundland 
British Colonies 
India 
Canada 
Australia 
U.S.A. 
Mexico 
Canada 
Denmark 
Chile 
China 
France and Colonies 
Cambodia 
Viet-Nam 
Laos 
Portuguese Colonies 

W8 
W5 

 W7 
W3 
WI 
W4 
WO 
W4 
W5 

 W7 
WI 
W4 
W7 
W8 
W9 
W7 

X 1..1-X 7.7. Burma 
Y A A-V A Z Afghanistan 
Y It A -V 117. Netherlands Indies 
VIA-VIZ Iraq 
VIA-VIZ New Hebrides 
YKA-YKZ Syria 
VLA-YLZ Latvia 
VNIA-YNIZ Turkey 
YNA-YNZ Nicaragua 
YOA-YRZ Roumania 
YSA-YSZ Republic of El Salvador 
YTA-YUZ Yugoslavia 
YVA-YYZ Venezuela 
YZA-YZZ Yugoslavia 
ZAA-ZAZ Albania 
ZBA-ZJZ British Colonies 
ZKA-ZNIZ New Zealand 
ZNA-ZOZ British Colonies 
ZPA-ZPZ Paraguay 
ZQA-ZQZ British Colonies 
ZRA-ZUZ Union of South Africa 
ZVA-ZZZ Brazil 
2AA-2ZZ Great Britain 
3AA-3AZ Principality of Monaco 
3BA-3VZ Canada 
3GA-3(;Z Chile 
3HA-3UZ China 

3VA-3VZ France and Colonies 
3WA-3WZ Viet-Nam 
3YA-3YZ Norway 
3ZA-3ZZ Poland 
4AA-4C7. Mexico 
4D.A-4IZ Philippines 
4.1A-41.Z U.S.S.R. 
4 NI A-INIZ Venezuela 
4NA-40Z Yugoslavia 
4PA-4SZ British Co  
4TA-4TZ Peru 
4UA-447. United Nations 
4VA-4VZ Republic of Ilaiti 
4WA-4W7. Yemen 
4XA-4XZ Israel 
4YA-4YZ International Civil 

Aviation organization 
5AA-5AZ Libya 
5BA-5CZ Morocco 
5CA-5CZ French Morocco 
6AA-6ZZ (Not allocated) 
7AA-7ZZ (Not allocated) 
81A-8ZZ (Not allocated) 
9AA-PAZ San Marino 
9NA-9NZ Nepal 
9SA-95Z Saar 
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AC3 Sikkim 
AC4 Tibet 
A02 (See I) 
AP Pakistan 
AR8 Lebanon 
( ' (uno?! rial) China 
C3 Formosa 
( '9  Manchuria 
CE Chile 
CM, CO Cuba 
(*N  French Morocco 
CP   Bolivia 
CR4 (' le Verde Islands 
('R5  Poi tualause Guinea 
CR5 Prineipe. Sao Thorne 
(7R6 Angola 
CR7  .:Mozantbique 
CR8  (:on ( Portuguese India) 
CR9 Macau 
CRIO Portuguese Timor 
CTI Portugal 
CT2 Arores Islands 
CT3 NI. deira Islands 
CX  Uruguay 
DL, DJ  Germany 
DU Pltilippine Islands 
EA Spain 
EA6 Balearic Islands 
EA8 (*.mary Islands 
EA9 Spanish Morocco 
El Eire ( Irish Free State) 
EK Tangier Zone 
EL Liberia 
EP, EQ Iran ( Persia) 
ET Ethiopia 
I, France 
FA Algeria 
FRS. Amsterdam & st. Paul Islands 
1138 Kerguelen Islands 
1,138 Madagascar 
VC  Corsica 
1,1)8  French Togoland 
FES French Cameroons 
FF*8 Freund, West Africa 
F08  (;tiadelotipe 
FI8 French Indo-China 
FK8 New Caledonia 
FKS.8   (See 0E) 
P1,8 French Somaliland 
FM8 Martinhitie 
FN F ranch India 
FO8.... French Oceania (e.g.. Tahiti) 
FM .. St. Pierre dr Miquelon Islands 18 French Equatorial Africa . 
 Reunion Island 

FU8, Y.II New Hebrides 
FY8 French Guiana dr Inini 
G England 
GC Channel Islands 
01) Isle of Man 
GI Northern Ireland 
GM Scotland 
OW Wales 
HA Hungary 
HB Switzerland 
HC Ecuador 
11E Liechtenstein HIIHaiti 

III Dominican Republic 
11K Colombia 
HL Korea 
IIP Panama 
Hit Honduras 
HS Siam 
11V Vatican City 
HZ...Saudi Arabia ( Hedjaz & Nejd) 
1  Italy 
I, A(:2, MF2 Trieste 
15, MD4. NIS4 . I t:tlian Somaliland 
16, MD3, MI3 Eritrea 
IS Sardinia 
JA. KA .. . . .   Japan 
JA0 Bonin & Volcano Islands 
K (See W) 
KA  (See JA) 
KB6....Baker, Howland & American 

Phoenix Islands 
KC6 Caroline Islands 
KC6 Palau Islands 
KG4 Guantanamo Bay 
KG6 Mariana Islands 
KII6 Hawaiian Islands 
NJ6 Johnston Island 
KI.7 Alaska 
KM6 Midway Islands 
KP4 Puerto Rico 
KP6. . . Palmyra Group, Jarvis Island 
K11.6. Ryukyu Islands (e.g.. Okinawa) 
KS4 Swan Island 

ESO American Samoa 
KV4 Virgin Islands 
KW6 Wake Island 
KX6 Marsliall Islands 
KZ5 Canal Zone 
LA Norway 
LA Svalbard (Spitzbergen) 
LI. MCI, NIDI. 2. NIT'. 2. Libya 
1.1•    Argentina 
I.X Luxembourg 
I  Y  Bulgaria 
MI San Marino 
:Al B9 (See OE) 
MCI, 2 (See LI) 
MDI, 2 (See 1.1) 
:Al D3 (See 16) 
M D4 (See ni 
mD5 (See SU) 
MD6 (See Y1) 
MF2 (See 
MI3 (Sm 16) 
IMP4 (See VU7) 
M  Kuwait 
M P4 Oman 
 (See 1)) 

Nrn, 2 (See 1.1) 
OA Peru 

Austria 
Finland 

OE ( 'zeehoslovakia 
ON Belgium 
og I(elgian Congo 
OX ( lreenland 
OY Faeroes 
OZ  )eninark 
PA Netherlands 
 Netherlands West Indies 

Java 
Sumatra 

Netherlands Borneo 
Celebes & 1Moluce° Islands 
 Netherlands New Guinea 

Andorra 
Brazil 

herlands Guiana 
Sweden 

 Poland 

0E, MB9, EKSS   
011  

P.1 
I'M, 2, 3  
PK4  
PK5  
PK6  
PEO, 7 
PX  
PY  
l'Z  
SIM  
SP  
ST.  ‘inuilu-E2yrotian Suntan 

SU, MI)5 Egypt 
•  ( :twee 

Crete 
 Dodecanese (e.g., Rhodes) 
 Turkey 
 Iceland 
 Guatemala 
 Costa Rica 

TI Cocos Island 
UAL 3, 4. 6 ... European Russian 

Socialist Federated Soviet Republic 
UA9, . Asiatic Russian S.F.S.R. 
UB5 Ukraine 
UC2 White Russian Soviet 

Socialist Republic 
UD6 Azerbaijan 
UFO Georgia 
UG6 Armenia 
UH8 Turkoman 
UI8 Uzbek 
UJ8 Tadzhik 
UL7 Kazakh 
CMS Kirghiz 
UNI harelo-Finnish Republic 
U05 Moldavia 
UP2 Lithuania 
UQ2 Latvia 
UR2 Estonia 
VE, VO Canada 
VK... Australia ( including Tasmania) 
VKI Heard Island 
VKI Macquarie Island 
VK9 Papua Territory 
VK9 Territory uf New Guinea 
VK9 Norfolk Island 
VO (See VE) 
VP1 British Honduras 
VP2 Leeward Islands 
VP2 Windward Islands 
VP3 British Guiana 
VP4 Trinidad & Tobago 
VP5 Cayman Islands 
VP5 Jamaica 
VP5 Turks & Caicos Islands 
V P6 Barbados 
VP7 Bahama Islands 
VP8 Falkland Islands 
V1'8 South Georgia 
VP8 South Orkney Islands 
VP8 South Sandwich Islands 
VP8 South Shetland Islands 

SV 
St.'  
SV5 
TA 
'1'F 
TO 
T1 

V  Bermuda Islands 
V(21  Zanzibar 
V(22 Northern Rhodesia 
V(2,; Tanganyika Territory 
V(21 Kenya 
V(2' Uganda 
V(2.;   British Somaliland 
V(2,  lagon Islands 
A'Qslaruritiuis 
(2'' 'eyclielles 

VI)?  Gilbert & Islands dr 
Ocean Island 

Vit 1  British Phoenix Islands 
V112 Fiji Islands 
VR3 Fanning Island 

(( inns Island) 
Viti Solomon Islands 
VR5 Tonga ( l-ri' ndly) Islands 
VI/6  Pi t cairn Island 
VS1  `4ingapore 
VS2  Malaya 
VS4 British North I(orti.eo 
VS5 Brunei 
VS5 Sarawak 
VS6 Ilona Kong 
VS7 Ceylon 
VS9  Aden & Socotra 
VS9 laldive Islands 
VU India 
VU4  Pands 
V1.17, MP-1  nahru.ln 1-ianut 

W, K United State, of \ merrea 
X I, Mexico 

. Burma 
YA  f,dianistan 
YI, MD?; Iraq 
YJ (See 11:8) 
YE Syria 
YN N iearagua 
YO, Y It Roumania 
Y$ Salvador 
YT, YU Yugoslavia 
YV Venezuela 
ZA  amnia 
Sill Malta 
ZI12 Gibraltar 
Z( '2 Cocos Islands 
Z("1  Christmas Island 
Z(*4 ('ypruus 
5(26 Palestine 
51)1 Sierra Leone 
2,'D2 Nigeria 
ZD3  Gambia 
ZD4 Gold ('oast, Togoland 
ZI)6 Nyasaland 
ZI)7 St. Helena 
Z1)8 Ascension Island 
1'139  Tristan da Cunha dr 

( Mugh Island 
ZE Southern Rhodesia 
ZK I ('milt Islands 
ZK2 Niue 
SL New Zealand 
ZM British Samoa 
il' 1 araguay 
'1SI, 2, 4, 5, 6..Union of South Africa 
ZS3 Southwest Africa 
1>7 Swaziland 
SSS Basutoland 
ZS9  Bechuanaland 
3A1, 2 Monaco 
3V8 Tunisia 
4X4 Israel 
954 Saar 
 Aldabra Islands 
...Andaman and Nicobar Islands 
 Antarctica 
 Bhutan 
 Clipperton Island 
 C0111101'0 Islands 

Easter Island 
 Fridtjof Nansen Land 

(Franz Josef Land) 
 Galapagos Islands 
 Ifni 
 Jan Mayen Island 
  Jordan 
 Alarion Island 
 Mongolia 
 Nepal 
  Qatar 
 Rio de Oro 

 Spanish Guinea 
 Tannu Tuca 
 Tokelau (Union) Islands 
 Wrangel Islands 
 Yemen 
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STANDARD METAL GAUGES 
( uge .1 merican L. S. Birmingham 

or B. & S.' Standard 2 Stub.g ' 

1 .2893 .28125 .300 

2 .2576 .265625 .284 

3 .2294 .25 .259 

4 .2043 .234375 .238 

5 .1819 .21875 .220 

6 .1620 .203125 .203 

7 .1443 .1873 .180 

8 .1285 .171875 .165 

9 .1144 .15625 .148 

10 .1019 .140625 .134 

11 .09074 .125 .120 

12 .08081 .109375 . 109 

13 .07196 .09375 .095 

14 .06108 .078125 .08'3 

15 .05707 .0703125 .072 

16 .05082 .0625 .065 

17 .04526 .05625 .058 

18 .01030 .05 .049 

19 .03589 .04375 .042 

20 .03196 .0373 .035 

21 .02846 .031375 .032 

22 .025:15 .03125 .028 

23 .02257 .028125 .025 

24 .02010 .025 .022 

25 .01790 .021875 .020 

26 .01594 .01875 .018 

27 .01420 .0171875 .016 

28 .01264 .015625 .014 

29 .01126 0140625 .013 

30 .01003 .0125 .012 

31 .008928 .0109373 .010 

32 .007950 .01015625 .009 

33 .007080 .009375 .008 

34 .006350 .00859375 .007 

35 .005615 .0078125 .005 

36 .005000 .00703125 .004 

37 .001453 .006640626 .... 

38 .003965 .00625 

39 .00:1531. 

40 .003145 

I Used for aluminum, copper, brass and nonfer-
rous alloy sheets, wire and rods. 

Used for iron, steel, nickel and ferrous alloy 
sheets, wire and rods. 
3 Used for seamless tubes: also by some manufac-

turers for copper and brass. 

MUSICAL SCALE 

Approximate frequencies of notes of the musical 
scale, based on A-440. 

(Bottom Octave) 

Note 
A-1 
A8,-1 
13-1 

I Co 
C#o 
Do 

D#0 
Eo 
Fo 
F#0 

ur. 
Go 
Ao 
Mio 
BO 
C 1 
COI 
D 
Ditl 

U El 

f ye! 

(1#1 
A 1 
AOl 
Dl 
C2 
C#2 

E2 
F2 
12 
(12 

.e. ce 
r. A2 

A$2 
B2 

Frequency Nair Frequency 
28 Middle C - C3 262 

:2219714 
33 71 

29 043 
31 1)3 

' De 

35 1W I') 330 
37 F3 349 
39 s 4  re 370 
41 .ge, (13 392 
44 17? ce 415 
46 ir, A3 440 
49 .44t3 466 
52 B3 494 
55 C4 523 
58 Ct,t4 554 
62 e>> 1)4 

l'i Dtt4 587 65 622 
69 "e ,. 1.4 659 
73  F4 698 • -= 
78 te;:«5: 11(4 740 
82 c (.14 784 
87 ri G#4 831 
93 A4 880 
98 A114 932 
104 114 109:2 

81187 110 C5 
1109 
1175 

117 L'OS123 1)5 

131 I DM 1245 
U E5 1 

1397 
139 319 
147 '' ±::: F5 
156 .g :5. Ft4.5 1480 
165 ...c. 7, 65  1568 
175  Gt.45 1661 

Et. 185 AS 
:198766:65 196 AIS 

208 135 

22992173 
220 CO 

2349 
233 C8.6 

2489 
247 ≥ D6 

i D#6  
E6 2361:3i67 
F6 2794 .c..... 

ó -5. F#6 2960 
-..É:. .., 136 

1.• GIG A6 3322 
3520 

Att6 3729 
136 3951 
C7 4186 

Greek Letter Greek Name 

GREEK ALPHABET 

English , 
Equivalent 

Act 
B 0 
r 
AS 
E E 

II z e 
n 

00 

It 
K 
AX 
M 

Alpha 
Beta 
Gamma 
Delta 
Epsilon 
Zeta 
Eta 
Theta 
Iota 
Kappa 
Lambda 
Mu 

a 

d 
e 

tit 

1 

Greek Letter Greek Name 

N 

(I o 
II ir 
p 

r cr 

Tr 

Tu 
c2. 

X x 

12 to 

English 
Equivalent 

Nu 
Xi 
Omicron 
Pi 
Rho 
Sigma 
Tau 
upsilon u 
Phi ph 
Chi eh 
Psi ps 
Omega 
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• THE DECIBEL 

in in )-t radio communication IL. received 
signal is converted into sound. This being the 
case, it is useful to appraise signal strengths in 
terms of relative loudness as registet.ed by the 
ear. A peculiarity of the ear is that an incr,ase 

or decrease in loudness is responsive to the 
ratio of the amounts of power involved, anti is 
practically indepenglent of absolute rabic of the 
power. For example, if a person estimates that 
the signal is " twice as loud" when the t Tans-
mitter power is increased from 10 watts to 
40 watts, he will also ust inlet. that a -100-watt 
signal is t as loud as a 100- watt signal. In 
other words, the human ear has a logarithmic re-
sponse. 

This fact is the basis for the use of the 
relative- power unit ealliql the decibel. A change 
of one decibel ( abbreviate)! db.) in the power 
level is just detect aide as a change in loudness 
under ideal conditions. The power ratio and 
decibels are related by the following formula: 

Po 
Vb. = 10 log 

Common logarithms ( base III are used. 
Note that the decibel is based on power 

ratios. Voltage or current ratios can be use( 1, 
but only wheo the impedance is the same for both 
values of rolto,.e. or current. The gain of an 
amplifier cannot expressed correctly in db. 
if it is basil titi t lie ratio of ill(' output voltage 
to the input voltage unless both voltages are 
measured across the same value of impedance. 
When the impedance at bot it points of measure-
ment is the same, the following formula may 
be used for voltage or current ratios: 

Db. = 20 log 
1-1 

or 20 log —12 

The two formulas are shown graphically in 
the accompanying chart for ratios from I to 10. 

Gains (increases) expressed in decibels may be 
added arithmetically; losses (decreases) may 
be subtracted. A power decrease is indicated 
by prefixing the decibel figure with a minus 
sign. Thus +6 db. means that the 1)01Ver haS 
I wen multiplied by 4, while — 6 db. means 
that the power ha.s been divided by 4. The 
chart niay ht' used for other ratios by adding 
(or subtract ing, if a loss) 10 db. each time the 
ratio scale is multiplied by 10, for power ratios; 
or by adding (or subtracting) 20 db. each time 
the scale is multiplied by 10 for voltage ni 
eurrent ratios. 

• VOLTAGE DECAY 
IN RC CIRCUITS 

The accompanying chart enables calculation 
of the instantaneous voltage across the termi-

100 

70 

50 
J40 

30 

k 20 
Lt. 

5 
0.5 1.5 2 25 3 

CR 

nuls of a condenser discharging through a 
resistance. The voltage is given in ternis of 
percentage of the voltage to which the con-
denser is initially charged. To obtain the 
voltage-decay time in seconds, multiply the 
factor (C('R) by the time constant of the re-
sistor-condenser circuit. 

Example: A 0.01-gfd. condenser is 
charged to 15).) volts and then allowed to 
discharge through a 0.l-megohm resistor. 
!low long will it take the voltage to fall to 
10 volts? In percentage, 10 150 = fi.7(... 
From t he chart, the factor corresponding to 

; is 2.7. The time constant of the cir-
(ali) is equal to CR -= 0.01 X 0.1 = 0.001. 
The time is therefore 2.7 X 0.001 = 0.0027 
second, or 2.7 milliseconds. 

Exam pie: An RC circuit is desired in 
which the voltage will fall to 511' ; of the 
initial value in 0.1 second. From the chart, 
I CR = 0.7 at the SW ; -voltage point. 
Therefore CH = t 0.7 = 0.1 0.7 = 1.-13. 
Any comliinati(ni of resistance and capaci-
tance whose product (R in megohms and (' 
in mierofarads) is equal to 1.43 can be used; 
for example, C could be 1 ad. and R 1.13 
megohms. 
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• FILTERS 

The filter sections shown on the facing page 
can be used alone or, if greater attenuation and 
sharper cut-off are required, several sections 
can be connected in series. In the low- and 
high-pass filters, f, represents the cut-off fre-
quency, the highest (for the low-pass) or the 
lowest (for the high-pass) frequency trans-
mitted without attenuation. In the bandpass-
filter designs, fi is the low-frequency cut-off 
and f2 the high-frequency cut-off. The units 
for L, C, and fare henrys, farads, ohms and 
cycles, respectively. 

All of the types shown are for use in an un-
balanced line (one side grounded), and thus 
they are suitable for use in coaxial line or any 
other unbalanced circuit. To transform them 
for use in balanced lines (e.g., 300-ohm trans-
mission line, or push-pull audio circuits), the 
series reactances should be equally divided 
between the two legs. Thus the balanced con-
stant-k T-section low-pass filter would use two 
inductances of a value equal to Lk/2, while the 
balanced constant-k 7r-section high-pass filter 
would use two condensers of a value equal to 
2Ck. 

If several low- (or high-) pass sections are to 
be used, it is advisable to use in-derived end 
sections on either side of a constant-k section, 
although an m-derived center section can be 
used. The factor m relates the ratio of the cut-
off frequency and f, a frequency of high at-
tenuation. Where only one m-derived section 
is used, a value of 0.6 is generally used for in, 
although a deviation of 10 or 15 per cent from 
this value is not too serious in amateur work. 
For a value of m = 0.6, f will be 1.25f„ for the 
low-pass filter and 0.81, for the high-pass filter. 
Other values can be found from 

= 

= 

_ for the low-pass filter and 

1 - (f-e)2 for the high-pass filter. 
fc 

The filters shown should be terminated in a 
resistance = R, and there should be litt le or no 
reactive component in the termination. 

Simple audio filters can be made with pow-
dered-iron-core chokes and paper condensers. 
Sharper cut-off characteristics will be obtained 
with more sections. The values of the com-
ponents can vary by ±5% with little or no 
reduction in performance. The more sections 
there are to a filter the greater is the need for 
accuracy in the values of the components. 
High-performance audio filters can be built 
with only two sections by winding the induc-
tances on toroidial powdered-iron forms — it 
generally takes three sections to obtain the 
same results when using other inductances. 

Sideband filters are usually designed to 
operate in the range 10 to 20 ke. Their attenua-
tion requirements are such that usually at 

least a five-section filter is required. The coils 
should be as high-Q as possible, and mica con-
densers are the most suitable capacitors. 

Low-pass and high-pass filters for harmonic 
suppression and receiver-overload prevention 
in the television frequencies range are usually 
made with self-supporting coils and mica or 
ceramic condensers, depending upon the power 
requirements. 

In any filter, there should be no magnetic or 
capacity coupling between sections of the filter 
unless the design specifically calls for it. This 
requirement makes it necessary to shield the 
coils from each other in some applications, or 
to mount them at right angles to each other. 

Further information on filter design can be 
found in the following articles: 
Bennett, " Audio Filters for Eliminating 
QRM," QST, July, 1949. 

Berry, " Filter Design for the Single-Sideband 
Transmitter," QST, June, 1949. 

Buchheim, " Low- Pass Audio Filters," QS7', 
July, 1948. 

Grammer, " Pointers on Harmonic Reduc-
tion," Q87', April, 1949; " High-Pass Filters 
for TV! Reduction," QS7', May, 1949. 

Mann, " An Inexpensive Sideband Filter," 
QST, March, 1949. 

Rand, " The Little Slugger," QST, February, 
1949. 

Smith, " Premodulation Speech Clipping and 
Filtering," QST, February, 1946; " More on 
Speech Clipping," QST, Mardi, 1947. 

• TUNED-CIRCUIT RESPONSE 
The graph below gives the response and 

phase angle of a high-Q parallel-tuned circuit. 

o > 
-J 

o 

0 

90 

90 

A 

RESPONSE 

NGLE iiiPNASE 

UURIIUIP  
0.6 6  

OA 

UIUlIIIIIUUIIIII 
02 

dUIIIIIIIUlUIII 
20 

10 

01 02 03 114 05 07 10 2 3 4 5 6 7 8 

Circuit 

Q X CYCLES OFF RESONANCE 
RESONANT FREQUENCY 

Q is equal ti) 

P
H
A
S
E
 
O
F
 
C
U
R
R
E
N
T
-
D
E
G
R
E
E
S
 

le 
27rfRe or — - 

27rf L 

where L and C are the inductance and capac-
itance at the resonant frequency, f, and R is 
the parallel resistance across the circuit. The 
curves above become more accurate as the cir-
cuit Q is higher, but the error is not especially 
great for values as low as Q = 10. 
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CK mg» «us 

T TT R 
Constant- k 11 section 

0—LUSIJ—.—MS1P- 0.", 

LK Lk 

0 Tcx RI 

2 ..,... z 2 L2 

o ' o 7 c2 o 
Constant- k Tsection m - derived Tsection 

o  

LOW-PASS FILTERS 
L, 

C2 

o2 T 
in- derived 77 section 

L R 
X= • Ck = tcR 

Constant- k e section 

2c, 

Constant- k 7" section 

R 
L„= 47-Fc CK 

-m2 L1=mL CI= 4m CK 

i-mz 
L2= 4m LK C2 =m CI( 

 HIGH-PASS FILTERS 
L, 

m-derived 27' section 

2C, 2C, 

ca 
o o 

in Tsection. 

, C L = —4M—L = _m2 K m 

L, = 1-,;)( c2= c, 

L,K C1K 

Constant- k 77 section 

Constant- k Tsection 

L IK = n7-27) ant,t2R 

(f2 -f;)R r 
u = ein ,7-2K'n(fz-f,)R 

BANDPASS FILTERS 

C21 

T 2 T  
in - derived end sections for use 

with intermediate 77 section 

L, 
21.2 7 a 
C2 C2 

o T T  2 70 
in - derived end sections for use 

with intermediate Tsection 

Lk= m Lk = I -4 Mm 2 

I - m2 
L2= 4m Lk Cz=mCk 

in sections for use 
with, intermediate 7r section 
2C, 2C, 

--1 
2L2 2L2 

C2 Cz 
0__T_I___ 

--T,--0 

in -derived end section for use 
with intermediate Tsection 

L, - c, = — Cm te, 

LK 
L2  = 

4 »I 
C 2 1_ m2 CK 

Three- element 77 section 
L, L, 

0  
Three- element Tsection 

L', = ir(fR,+f2) 

f2 _ (f2 -f,)R  
C 1=4--ITI- L2 4n f, z 

Three - element n section 

2C, 2C, 
0,0000,-1 FM 00,-0 

L, 

Three-element Tsection 

f, R L - =C 1- rrf2(T2_fr) -1 IK 

f, +f2 
arif,f2R L2 = L2K 

I' (f1 + f2)R c  f«.0-•  
C 2= Ci›, T uf :f2R 

2- 4 n f, f2 2 - nt(f2 -fe 

In the aleove for le is in ohms, C in farads, I. in henrys, and .1 in cycles per second. 
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INDUCTIVE AND CAPACITIVE REACTANCE VS. FREQUENCY CHART 
100,000 = -_ 

20,000 1 11 

70...0= 
50,000 

30,000 

10,000 

7,000 en, 
1 rà a:  ra 

.4"44 4 
5,000 ZMIIIMIII IBM II 

wine zimem --amozoten 
3,000 zmwrimm,o0.0"b,‘.ummeneermi 

000 111111M111101_efiligleilii\qeinird 
•••IMMI,..1,2•1•MIMM••• 

2,000   

700 .....em::12...e;f21..reeMie,,,,,nat"::::: .AM.W.___SM.rInr •••”11M,11•11,M•••••: 

500 ArelzweebEIFZelagrate,r MIIIIMIAMIL'IMMI\ IPA. 
% 111.10.iinalardniiiii0..PANWIEB10.1111,,, wrAmmieeeeinw, Ammemeten 
F 300 41111111111MIIVIIIIMMIII7MMBOMOMMIIIMIIIMMI111 aMIZIMUIlli 

P 200 Imagrammaievrammeecmpearilmi A. . 
.. 
‘jk 70 a =FM go N: rea = Z1 Me Tar= er:- Z ; : : : i r  

too III/1111941Milinn 01111100:1111M01 ....... I.N .li 

50 
ti AiMeiriirecrimanfriel lie72rAilleBil4Icim. 

~IIIIIIIIMMIIMIIIAMIZMINWIIIAMIUMMI11101111,4 Alli>r a; 

t‘te ui 30 ARE 

«C  20 

10 A rg P igbl° 11101PliiNd5Arril A 441 e r  d I Ià I 41elikd I 1 Sell 

7 ilialiEetz.W511 44. JilidUe5aciblir reàzMirrAeorl- EZ-MI 
ffltminamidLnmm.‘utur 4, \MP ANIIIMMINBIEVAMEM,/AMMIIMIMIZMI/iMMIb. IMM•IIIII 

5 MIMBUIEd/M'IBEEKRUPAIIIIII. 111, AmWmaIiewingwAlzblYAgumaNid 
IIM111111111111211/411111•11e1111,111111IIII 'I P I h. anal 

2  

3 Irodil illeidorlierAMpe t n fflpop011er4M.,1191111 

to Ád Ail A Add A Add IL A Al ilL A iL \ h 

I.-- CYCLES -4 

11111.• 

' 
Ak 1111111 

.r..licemableamsrAme.wnaammal,r, - 

KILOCYCLES MEGACYCLES 

FREQUENCY 

By use of the chart above, the approximate reactance of any capacitance from 1.0 µµftl. to 10 dd. at any fre-
quency from 100 cycles to 100 megacycles, or the reactance of any inductance from 0.1 ph. to 1.0 henry, can he 
read directly. Intermediate values can be estimated by interpolation. In making interpolations, remember that the 
rate of change between lines is logarithmic. Use the frequency or reactance scales as a guide in estimating inter-
mediate values on the capacitance or inductance scales. 

This chart also can be used to find the approximate resonance frequencies of LC combinations, or the frequency to 
which a given coil-and-condenser combination will tune. First locate the ri'- active slanting lines for the capacitance 
and inductance. The point where they mt t. i.e., where the reactan.•••-• are equal, is the resonant frequency 
(projected downward and read on the frcque,, ,•, 

ELECTRICAL CONDUCTIVITY OF METALS 

Relative Temp. Coef.2 Relative Temp. Coef.2 
Conduclivity 1 of Resistance Conclactirity of Resistance 

Aluminum (2S; pure)  59 0.0049 Lead  7 0.0041 
Aluminum (alloys): Manganin  3.7 0.00002 

Soft-annealed  45-50  Mercury  1.66 30-45 0.00089 
Heat-treated  Molybdenum  33.2 0.0033 

Brass  28 0.002-0.007 Moud l  4 0.0019 
Cadmium.   19 Nichrome  1.45 0.00017 
Chromium  55 Nickel  12-16 0.005 
Climax  1.83  Phosphor Bronze  36 0.004 
Cobalt  16.3 Platinum  15 
Constantin  3.24 0.00002 Silver  106 0.004 
Copper (hard drawn).   89.5 0.004 Steel 

TuinTun gsten  3-15 
T 

Copper (annealed)  100 13 0.0042 
ten Everdur  6 28.9 0.0045 

German Silver ( 18%)  5.3 0.00019 Zinc  28.2 0.0035 
Gold  65 
Iron (pure)  17.7 0.006 Approximate relations 
Iron (cast)  2-12 An increase of 1 in A. W. G. or B. & S. wire size increases 
Iron (wrought)  11.4 resistance 25 r.j,. 

An increase of 2 increases resistance 60',. 
An increase of 3 increases resistance 111,1' 

'At 20° C., based on copper as 100. 2Per °C. at 20° C. An increase of 10 increases resistance 10 films. 



COPPER-WIRE TABLE 

Turns perLinearInch 2 Turns per SquareInch 2 Eeelpn•Lb. 

Ohms 

Curnmt 
Carrying Nearest 

D.S.C. 

Gauge 
61o. 

Diam. 
in 

Circular 
Mil 

per 
1000 ft. 

Capacity 
at 

Diam. 
in mm. 

British 
S. W.O. 

B. & S. Mils Area Enamel S.S.C. Or 

S.C.C. 

D.C.C. S.  C.C. Enamel 
S.C.C. D.C.C. Bare D.C.C. 26° C.o. 1600 C.M ... 

Per 
Am p.3 

1 289.3 83690 -- -- -- -- -- -- -- 3.947 -- .1264 55.7 7.348 1 

2 257.6 66370 -- -- -- -- -- -- -- 4.977 -- .1593 44.1 6.544 3 

3 229.4 52640 -- -- -- -- -- -- -- 6.276 -- .2009 35.0 5.827 4 

4 204.3 41740 -- -- -- -- -- -- -- 7.914 -- .2533 27.7 5.189 5 

5 181.9 33100 -- -- -- -- __ __. __ 9.980 -- .3195 22.0 4.621 7 

8 162.0 26250 -- -- -- -- -- -- -- 12.58 -- .4028 17.5 4.115 8 

7 144.3 20820 -- -- -- -- -- -- -- 15.87 -- .5080 13.8 3.665 9 

8 128.5 16510 7.6 -- 7.4 7.1 -- -- -- 20.01 19.6 .6405 11.0 3.264 10 

9 114.4 13090 8.6 -- 8.2 7.8 -- -- -- 25.23 24.6 .8077 8.7 2.906 11 

10 101.9 10380 9.6 -- 9.3 8.9 87.5 84.8 80.0 31.82 30.9 1.018 6.9 2.588 12 

11 90.74 8234 10.7 -- 10.3 9.8 110 105 97.5 40.12 38.8 1.284 5.5 2.305 13 

12 80.81 6530 12.0 -- 11.5 10.9 136 131 121 50.59 48.9 1.619 4.4 2.053 14 

13 71.96 5178 13.5 -- 12.8 12.0 170 162 150 63.80 61.5 2.042 3.5 1.828 15 

14 64.08 4107 15.0 -- 14.2 13.8 211 198 183 80.44 77.3 2.575 2.7 1.628 16 

15 57.07 3257 16.8 -- 15.8 14.7 262 250 223 101.4 97.3 3.247 2.2 1.450 17 

16 50.82 2583 18.9 18.9 17.9 16.4 321 306 271 127.9 119 4.094 1.7 1.291 18 

17 45.26 2048 21.2 21.2 19.9 18.1 397 372 329 161.3 150 5.163 1.3 1.150 18 

18 40.30 1624 23.6 23.6 22.0 19.8 493 454 399 203.4 188 6.510 1.1 1.024 19 

19 35.89 1288 26.4 26.4 24.4 21.8 592 553 479 256.5 237 8.210 .86 .9116 20 

20 31.96 1022 29.4 29.4 27.0 23.8 775 725 625 323.4 298 10.35 .68 .8118 21 

21 28.46 810.1 33.1 32.7 29.8 26.0 940 895 754 407.8 370 13.05 .54 .7230 22 

22 25.35 642.4 37.0 36.5 34.1 30.0 1150 1070 910 514.2 461 16.46 .43 .6438 23 

23 22.57 :419.5 41.3 40.6 37.6 31.6 1400 1300 1080 648.4 584 20.76 .34 .5733 24 

24 20.10 404.0 46.3 45.3 41.5 35.6 1700 1570 1260 817.7 745 26.17 .27 .5106 25 

25 17.90 320.4 51.7 50.4 45.6 38.6 2060 1910 1510 1031 903 33.00 .21 .4547 26 

28 15.94 254.1 58.0 55.6 50.2 41.8 2500 2300 1750 1300 1118 41.62 .17 .4049 27 

27 14.20 201.5 64.9 61.5 55.0 45.0 3030 2780 2020 1639 1422 52.48 .13 .3606 29 

28 12.64 159.8 72.7 68.6 60.2 48.5 3670 3350 2310 2067 1759 66.17 .11 .3211 30 

29 11.26 126.7 81.6 74.8 65.4 51.8 4300 3900 2700 2607 2207 83.44 .084 .2859 31 

30 10.03 100.5 90.5 83.3 71.5 55.5 5040 4660 3020 3287 2534 105.2 .067 .2516 33 

31 8.928 79.70 101 92.0 77.5 59.2 5920 5280 -- 4145 2768 132.7 .053 .2268 34 

32 7.950 63.21 113 101 83.6 62.6 7060 6250 -- 5227 3137 167.3 .042 .2019 36 

33 7.080 50.13 127 110 90.3 66.3 8120 7360 -- 6591 4697 211.0 .033 .1798 37 

34 6.305 39.75 143 120 97.0 70.0 9600 8310 -- 8310 6168 266.0 .026 .1601 38 

35 5.615 31.52 158 132 104 73.5 10900 8700 -- 10480 6737 335.0 .021 .1426 38-31 

38 5.000 25.00 175 143 111 77.0 12200 10700 -- 13210 7877 423.0 .017 .1270 39-e 

37 4.453 19.83 198 154 118 80.3 -- -- -- 16660 9309 533.4 .013 .1131 41 

38 3.965 15.72 224 166 126 83.6 -- -- -- 21010 10666 672.6 .010 .1007 42 

39 3.531 12.47 248 181 133 86.6 -- -- -- 26500 11907 848.1 .008 .0897 43 

40 3.145 9.88 282 194 140 89.7 -- -- -- 33410 14222 1069 .006 .0799 44 

I A mil is 1/1000 (one-thousandth) of an inch. 
2 The figures given are approximate only. since the thickness of the insulation varies with different manufacturers. 
$ The current-carrying capacity at 1000 C.M. per ampere is equal to the circular-mil area (Column 3) divided by 1000. 
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548 CHAPTER 26 

GERMANIUM CRYSTAL DIODES 

Type Use 
Max. 

Inverse 
Volts 

Peak 
Rectird 
Ma. 

Max. 
Surge 
Ma. 

Max. 
Reverse 
es-Amp. 

Max. 
Average 

Ma. 
Type Use 

Max. 
Inverse 
Volts 

Peak 
Rectif'd 
Ma. 

Max. 
Surge 
Ma. 

Mao. 
Reverse 
µ-Amp. 

Max. 
Average 
Ma. 

1N34 
1N34 A 

0666,61 60 150 500 SO @ 10 V. 
eciogsov 40 11458 

INSIIA 
100-Volt 
Diode 100 150 500 800 (iij 100 V. 40 

1N35 1 50 60 100 10 @ 10V. 22.5 
1N60 Vid. Del. 25 150 500 30 «8 1.5 50 

1P138 
1N38A 

100-Volt 
Diode 100 150 500 6@ 3V. 

625 @ 100 V. 40 
1N61 Diode 130 150 500 300 @ 100V. 40 

1N39 200-Volt 
Diode 200 150 500 200 e 100 V. 

800 @ 200 V. 
40 1N63 

G5E2 General 125 150 400 50 @ 50 V. 50 

1N401 Varistor 25 60 100 50 (i4 10 V. 22.5 1N641 
GSF2 

VW. Det. 20 ...... —• .... 

1N412 Veda« 25 60 100 SO (a 10 V. 22.5 IN65 
GSG1 

Hi tack 
Resistance 85 150 400 200 @ SO V. 50 

114422 Varid or 50 60 100 6 lu, 3 V. 
625 @ 100 V. 22.S 

1N662 General 60 150 SOO 800 @ SO V. SO 

1N43 Varistor 64). 125 SOO 850 @ 50 V. 40 11,467 Hi Back 
Resistance 80 100 500 50 (a) 50 V. 35 

1N44 Varied 1154 100 400 1000 kji 50 V. 40 
1N611 Restorer 100 100 500 625 te um V. 35 

11445 Varier 754 100 400 410 0, 50 V. 40 
IN69 General 75 125 400 850 @ 50 V. 40 

1P146 Varistor 6o. 125 SOO 1500 50 V. 40 eo 
1N70 General 125 90 350 410 (ª; 50 V. 30 

1N47 Veda., 115. 90 350 410 e4 50 V. 30 
1N712 Varistor 501 200 1000 300 @ 30 V. 60 

1N48 
G52 General 85 150 400 833 @ 50 V. SO IN, 

' ''- 
G72 

U.H.F. 2 75 — — 25 

INS1 
G5C2 General SO 100 300 1667 @ 30 V. 25 

1N73 Quad 75 60 100 SO® 10 V. 22.5 

1N52 
GRP General 85 150 400 150 @ 50 V. 50 1N74 Quad 73 60 100 — 22.5 

General 125 150 400 50 @ 50 V. SO 
1P154 
1N54A 

Hi Back 
Resistance 35 ISO 500 10e 10 V. 40 

IN75 

CK705 General 60 150 3008004 50 V. 50 

1N55 
11.155A 

150-Volt 
Diode 150 150 500 800 

300 @ 100 V. 
(rg 150 V. 

4, CK706 Vid. Det.1 40 123 300 — 35 

CK707 Restorer 80 100 500 100 @ 50 V. 35 
1P156 
1N56A 

Hi-Con-
duchan 40 200 1000 300 @ 30 V. 50 

CK708 Restorer 100 100 500 625 @ 100 V. 35 

1N57 Diode 80 150 500 SOO@ 75 V. 40 CK710 U.H.F. Mix. 5 75 — SOO@ 2 V. 25 

Ratings given are for individual diodes. Average life is over 10,000 hours. Ambient temperature range for all types— — 50° C. 
to + 70° C. Average shunt capacitance — 0.8 ppfd. Units with A suffix are glass types. 
1 Matched dual diode. 2 Unit has four matched diodes. 3 G.E. designation. 
4 Min. reverse volts for zero dynamic resistance. 

MINIATURE SELENIUM RECTIFIERS 

Max. 
Manufacturer Type Number A.C. 

! Volts 

Federal Telephone 40203200 117 
and Radio Corporation 

•• 40202788 117 
402D3150A 

el 

General Electric Co. 

Radio Receptor 
Company, Inc. 

403D2625 117 
40302625A 

40203151 18 

40203239A 160 

40303240A 160 

6RS5GH2 117 

61155GH1 117 

511 

5M1 

Peak Peak Mar. 
Inverse Current R.M.S. 
Volts Ma. Ma. 

380 

380 900 220 

380 1200 ' 325 

380 

380 

117 380 

117 380 

650 163 

750 187 

Circular plates—discontinued. 

Max. D.C. 
Output 
Me. 

'edifier 
Service 

50 

73 

Half-Wove 

Half-Wave 

100 Half-Wave 

100 Half-Wave 

75 Doubler 

100 Doubler 

65 Half 'Wave 

75- Half-Wave 

75 Half .Wove 

100 Half-Wave 



CHAPTER 27 

Vacuum-Tube Data 
For the convenience of the designer, the re-

ceiving-type tubes listed in this chapter are 
grouped by filament voltages and construction 
types (glass, metal, miniature, etc.). For ex-
ample, all 6.3-volt metal tubes are listed in 
Table I, all lock-in base tubes are in Table 
III, all miniatures are in Table XI, and so 
on. 

Transmitting tubes are divided into triodes 
and tetrodes-pentodes, then listed according 
to rated plate dissipation. This permits direct 
comparison of ratings of tubes in the same 
power classification. 

For quick reference, all tubes are listed in 
numerical-alphabetical order in the index be-
ginning on the following page. 

Tube Ratings 

Vacuum tubes are designed to be operated 
within definite maximum (and minimum) 
ratings. These ratings are the maximum safe 
operating voltages and currents for the elec-
trodes, based on inherent limiting factors such 
as permissible cathode temperature, emission, 
and power dissipation in electrodes. 

In the transmitting-tube tables. maximum 
ratings for electrode voltage, current and dissi-
pation are given separately from the typical 
operating conditions for the recommended 
classes of operation. In the receiving-tube 
tables, because of space limitations, ratings 
and operating data are combined. Where only 
one set of operating conditions appears, the 
positive electrode voltages shown ( plate, screen, 

etc.) are, in general, also the maximum rated 
voltages for those electrodes. 

For certain air-cooled transmitting tubes, 
there are two sets of maximum values, one 
designated as CC8 ( Continuous Commercial 
Service) ratings, the other ICAS ( Intermittent 
Commercial and Amateur Service) ratings. 
Continuous Commercial Service is defined as 
that type of service in which long tube life and 
reliability of performance under continuous 
operating conditions are the prime considera-
tion. Intermittent Commercial and Amateur 
Service is defined to include the many appli-
cations where the transmitter design factors of 
minimum size, light weight, and maximum 
power output are more important than long 
tube life. ICAS ratings are considerably higher 
than CCS ratings. They permit the handling 
of greater power, and although such use in-
volves some sacrifice in tube life, the period 
over which tubes will continue to give satis-
factory performance in intermittent service 
can be extremely long. 

Typical Operating Conditions 

The typical operating conditions given for 
transmitting tubes represent, in general, maxi-
mum ICAS ratings where such ratings have 
been given by the manufacturer. They do not 
represent the only possible method of opera-
tion of a particular tube type. Other values of 
plate voltage, plate current, grid bias, etc., may 
be used so long as the maximum ratings for a 
particular voltage or current are not exceeded. 

INDEX TO TUBE TABLES 

I — 6.3-Volt Metal Receiving Tubes. V13 
II — 6.3- Volt Glass Tubes with Octal Bases V14 
III — 7-Volt Lock-In Base Tubes  V16 
IV — 6.3-Volt Glass Receiving Tubes  V17 
V — 2.5-Volt Receiving Tubes  V19 
VI — 2.0-Volt Receiving Tubes  V19 
VII — 2.0-Volt Tubes with Octal Bases  V20 
VIII — 1.5-Volt Battery Tubes  V20 
IX — High-Voltage Heater Tubes  V22 
X — Special Receiving Tubes .   V24 
XI — Miniature Receiving Tubes   V26 

The type of base used on 
each tube listed in the tables is 
indicated in the base column 
by a letter whose meaning is 
as follows: 

XII — Subminiature Tubes  V30 
XIII — Control and Regulator Tubes  V33 
XIV — Cathode-Ray Tubes and Kine-

scopes  V34 
XV — Rectifiers  V39 
XVI — Triode Transmitting Tubes. V42 
XVII — Tetrode and Pentode Transmit-

ting Tubes   V53 
XVIII — Klystrons   V58 
XIX — Crystal Triodes  V59 
XX — Cavity Magnetrons   V60 

BASE TYPE DESIGNATIONS 

A = Acorn 
B = Glass-button miniature 
= Glass-button subminiature 

J = Jumbo 
L = Lock-in 

M = Medium 
N = None or special type 
O = Octal 
S = Small 
W = Wafer 

VI 
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INDEX TO VACUUM-TUBE TYPES 

For convenience in locating data on specific tube types the index below lists all 
tubes in numerical-alphabetical order, showing the page number where individual 
tub, may be found in the classified-data section (pages V 1.3-V60) and the 
identifying base-diagram number in the base-diagram section (pages V5-V12). 

Type Paye Base Type 
00-A  524 41) 2A4G  
0I-A  V24 41) 2'\5  
0A2  V33 5150 2A6  
0.13  V34 4AJ 2A7  
0A4G  V33 4V 2AP1  
0A5  V33 Mg. 33 2154  
0132  V33 5150 2115  
OIS)  . 
('3  V34 4AJ :« 6 137  
01)3  V34 4AJ 21(22  
0Y4  V39 413U 21325  
OZ4  V39 4R 215PI  
OZ4A  V40 411 2C4  

539 4G 2( 121   
V26 SAP 2021  
V19 4M 2022  
N'I9 4K 2( 22  
V39 9V 2( 125  
V20 6X 2( •26A 
VI!) (IL 2( 34  
V20 7Z 2( 35  
V2I 513F 21'311   
V30 Fig. 14 2(.37  
5130 -- 2( •39  
V30 Fig. 16 2( 39A 
V26 CAR 2(411. 

A)  
A-IP  
MT  
AX2  
A5(111' 
A6  
A7(111 
Alt5  
A( *5  
AIM  
AD5 
AE4  
AF'  530 - 
A114 ..... v26 CAR 
AIS  V26 6 Ai - 
153(11'  v39 : 3(' 
114   VI9 ( 41 
135  V 19 6M 
1571 IT  V2 I 7% 
118(3T   521 sAW 

1547  V:5:5 -1345  V39 - 

(13  V26 5CF 
('5GT  V2I (iX 
C6  VI') 61. 
(1G  V2)1 7Z 
(8  V30 - 
(•21  V33 4V 
1)3  V30 - 
I )5( .P.  V20 5Y 
1)5(311  V2)1 SR 
117(1  v20 7Z 
1)8GT . V21 MAJ 
1:4(;   V21 58 
1:5(1P  V20 5Y 
E7(1  V2)) SC 
ES   V30 Fig. 27 
F4  VIO 5K 
1-5(1  520 6X 
1'6  V11) 6W 
F7C  520 7AD 
G4GT  V2I 5s 
(3.5(1  V20 6X 
(16(1T  V21 7A15 
114(1  520 58 
II5GT  V2I 5% 
116G  V20 7AA 
J5G  V20 6X 
J6GT  V21) 7A13 
1.4  V26 CAR 
I.6  5'26 71)(• 
I.A4  V21 SAD 
LAC  V21 7A1: 
LI34  521 SAD 
1.136  V21 SAX 
1.15  521 7A() 
L(35  5'21 TAR 
1.1)5   5'21 6AN 
LE3   V21 -IAA 
1.113  V21 4AA 
I.G5... 521 7A() 
1.114   V2I SAG 
LN5  5-21 7A() 
N5GT V2I SS 
NOG. . 521 7ANI 
P5(.T . 5'21 5V 
05GT  V2I GAF 
R4...   V2I 4AH 
R5  V26 7AT 
84  V26 7AV 
85  5'26 BALI 
86.   V30 81)A 
SA6(.T.   V21 60A 
s156GT  V2I 6013 
T4  V26 CAR 
'MT  521 6AF 
T6  V:31) Fig. 2S 
114   V26 CAR 
t15  526 613W 
1-6  526 71)1 
-V  V39 4c 
V2  V39 9(7 
VS   V30 
W4  426 515Z 
W5  V30 - 
X2  V:39 9V 
X2A  V39 9V 

V39 7(15 
2A3.   VIO 41) 

3A4  
3A4  
, 3A5. 
3A5  
3A8(.T.. 
I 3AP1  
3154  
3135(1T 
3137  

Page Base T(/Pe 
V33 58 3EPI  
V19 611 3FP7 
VI9 60 3GPI 
VI9 7(1 3231 
V34 111.5 3JPI 
v33 SA 31(21 
5-31) 3K22  
VIO 7J 31{23  
V19 71) 3K27  
V14 Fig. 37 3K30  
v:39 311 3KP1  
V34 12E 3LF:4  
V33 5A8 31.F4  
4:17 713H SMPI  
442 71314 3(14   
V14 4A151 053;11'. 
5'42 4AN1 RP(  
543 41) 3144 
v43 41515 
543 T-71)c -25A3 
V25 Fig. 3s • 3-251)3 
442 Fig. 36 3-50A4 
V42 Fig. :36 • 3-501)4  
V49 -- 3-50G2  
V49 - 3-75A2  
V42 Fig. 19 3-75A3  

2C-13. V-33 Fig. 19 3-100A2  
2( ' 41. . V25 Fig. 17 3-100A4  

4-21i ›,c.1 . 3X- 100A11  
2021   433 713X I 3-150A2.... 

VII) lilt 3-150A3.... 
21..22  Vaa 5J 3X-150A3... 
2E24  V53 7(•1. 3-200A3.... 
2E25  V54 5BJ 3-250A2.... 
21.26  V5) 7CK 3-250A4.... 
21-20  V213 7('(/ 3-300A2.... 
2E30  V53 700 3-300A3.... 
2E31  V30 -- 4A6G  
2E32  V33) - 4A6(3  
2E35  V30 - 4( 132  
2E36  V31 -- 4( 34  
2E41  V3) - 4036  
21:42  V3I -- , 41)21  
2(15  VIO 6R ' 41)22  
2(121   V3I --- 41)23  
2(122  531 - - 41)32  V.56 Fig. 51 
2242  v(30 - -- 4E27  556 713M 
2J42A.. 4•1111 -- 4E27A  V57 713M 

2K25. 4 . o. Fig. 60 4250  V60 -2K26... 4-5, Fig. 60 4.152  V60 -2K28... \ 5. rig gl 4,178  V60 -2K33  5 ..... Fig. 62 4X 150A . . . . VS7 T-9J 

21634  5.) , Fig. 58 4X150G.... V57 - 
21635  4., Fig. 58 4-65A  5541 Fig. 48 
21639  4:,,-, Fig. 59 4-I25A  VS7 515K 
21:41   5 .-, Fig 59 4-250A  V.5s 511K 
21642  5.,, Fig. 59 4-400A  V5/3 515K 
21643  5, '. Fig. 59 5A6  553 91. 
21644  5., Fig. 59 5API  V35 11A 
2K46  5., Fig. 58 5AX4(.1'... V39 ST 
21647  5.-, Fig. 58 SAZ4  V39 5T 
2K56  Vo5 Fig. 60 5131'1   V35 IIA 
2S/48  VI!) 51) 5C'Pl  V35 1413 
25'3(1  V39 4Y 5024  V5I Fig. 26 
2W3  V39 4X 5022  V58 514K 
2X2  V3f) 4A13 51324  V58 5I3K 
2X2-A ... V33) 4A13 5FP1  V35 SAN 
2Y2  V39 4A13 5HPI  VI , 11A 
2Z2  V39 414 5JP1   5' 35 IIE 

V26 71313 5LPI  4 15 IIF 
V53 71513 5151P1   4 ( 7) 7AN 
5'26 713C 5R4GY  5 39 ST 
V42 715C SRP1   5 5.-. 14F 
524 SAS 5T4  v ( II 5T 
V34 7AN 5T4P4   5135 120 
v53 7CV 51 14(;  V39 ST 
524 7AP 51'Pl   5135 12E 
V21 713E 5V4G  V39 51. 

3137  V42 7141: 5W4  V39 5-1' 
31324.   V39 T-4A MVP I t  V35 12C 
3B25... . 5'39 4P 5WPI5  V35 I2C 613K7... 
31326  V39 Fig. 31 5X3  V39 41.1 6131.6. 
31327  V39 41, 5X46;  539 5(1 6151.7(a. 
31328... V39 4P 51C3G  V39 5T 6BM6.. 
3131'1   V:54 14A 5V3WCIT. V39 ST 611N6  
((SUT  V24 7AQ 5V4G  V39 50 . St/619X7 
3( 16  V24 711W 5Z3  V39 4C I 61306GT. 
3C'22  V49 Fig 30 5Z4  V39 SI. 613(17.. 
3023  V33 3G 5ZPI6  V35 Fig. 46 613T6.. 
0'24   ' I) i 5-1251)... . V57 7151 ' 6111'6... 
i(25  V44 Fig. 56 ,   VI7 41) 613%5'6.. 
0 "34  V44 3G ,' 6A-1  VI8 511 . 613X7G1 
i( -37  VS0 - 1 6Asur  514 6T ' 6BY5G.. 
3116   V21 61413 , 6A6  VIS 715 6B27.... 
11)6   V53 61319 ! 6A7. VI8 7(.1 • 604   
31)2:3   V.55 Fig. 54 (5A8  5'13 SA 604  
(1)21  V56 T-9J , 6AB4  V26 50E 605..... 
miff   V34 Fig. 49 6A135  
3X3  V55 Fig. 40 6A136G  V14 7A1.1 1) V26 611X 6A147  VIS 61t 1.6.606  

V13 8 31:6  6080 3E5 N; 
V21 7('J 6A(15(11'.... V14 60 CB6.   

3E22  V55 811Y ' 6AC6G  V14 7A1.7 6CD6C:  
3E29  V55 711P , 6A(7  V13 8N 6C'G6  

Type Page Base Page liase 

V34 11A 
  V:34 14B 
  V34 IIA 
  5'60 - 

V34 14B 
V58 Fig. 58 
V58 Fig. 68 
V58 Fig. 59 
V59 Fig. 59 
V59 Fig. 58 
V34 IIM 
V24 6I3A 
V24 61113 
V35 Fig. 2 
V26 7BA 
524 7.'50 
V35 12 E 

  V26 711A 
V26 BBX 
V44 3G 
V44 21) 
V45 30 
V45 213 
V45 21) 
V47 21) 
V47 21) 
V48 21) 
V48 213 
V49 - 
V50 415(.1 
V50 4150 
V50 -- 
V51 ma. 52 
5'51 2N 
5'51 2N 
552 4BC 
V52 4BC 
V21) SL 
5124 61. 
5'51 2N 
5'51 2N 
541) Fig. 56 
V57 513K 
V56 Fig. 50 
V57 513K 



VACUUM-TUBE DATA V3 
Pane Rase 

6W4c•I   V39 4CG 
6W50  V39 68 
61V6GT  V16 7AC 
6W70  V16 7R 
6X4  V39 7CF 
6X5  V39 68 
6X6G  V16 7AL 
6X8  V28 9AK 
6Y3G  V39 4A(' 
6YS  V39 6.1 
6Y6('  V16 71(1 
61-7(1  V16 813 
623  V39 40 
624  V40 51) 
625  V39 6K 
627(1  V16 88 
62Y5G  V39 68 
7A4  3' lil SAC 
7A5  V16 6AA 
7A6  V16 7AJ 
717  VI6 8V 
718  V16 811! 
71117  V25 8130 
711)7  V16 8V 
71E7  V16 SAC 
71(17  V16 8V 
71117  V16 8V 
71.17  V16 8V 
71 K7  V17 8V 
71114  V35 SAJ 
7134  VI7 SAC 
785  V17 6AE 
7136  VI7 8W 
7137  VI7 8V 
788  V17 8X 
713P1  V35 SAX 
7( 14  V25 4/11 
7(3  V17 6AA 
7C6  V17 8W 
7(7  V17 8V 
7(PI  V35 6AZ 
71)7  VI7 8AR 
71)P4  V35 12(1 
7E5  V25 sliN 
7E6  x 17 8W 
7E7  v17 sAE 
711P1   \ 35 I IX 
717  v17 
71s   VI7 , I4W 
7, ;7  ‘ 17 •.%' 
7,;8   ‘ 17 818,' 
7,d,I   \ 3.-, Fig. 47 
7117  v17 '..V 
737  v 1, s.NIt 
7JPI   v't5 110 
7JP4  v35 III, 
7K7  ‘ 17 ', RV 
71.7   ‘ (, ,‘ 
7111P7  \ 35 121) 
7X7  ‘ 17 SAC 
7NP4  N 31i 14›: 
7(37  v17 SA1, 
701.4  536 121) 
7R7  V17 8AE 
7RP4  V36 121) 
787  V17 88L 
7T7  N'17 8V 
7111P4  V36 12C 
7V7  VI7 8V 
7W7  VI7 813.1 
7W114  V36 14N 
7X7  V17 8112 
71'4  V39 5/8 
724  V39 5/8 
SAP4  V36 1211 
881.4  V36 140 
9AP4  V36 611. 
9CP4  V36 4AF 
9JPI  V36 88R 
1(1  V24 41) 
10  V43 41) 
10BP4  V36 121) 
101P4  V36 121) 
10FP4  136 121) 
1011P4  N'36 14G 
10KP7  V36 121) 
108114  V36 12C 
10'Y  V43 41) 
11/12  V24 4F 
1214  V28 9AG 
1215  V22 7F 
1216  V22 7AC 
1217  V22 7K 
1217  N'29 7K 
1218(.T  V22 81 
12AH7GT  V22 88E 
12115  V28 6BT 
12AP4  V36 6/1. 
12AT6  V28 7BT 
12AT7  V28 9A 
12AU6  V28 7CC 
12AU7  V28 91 
12AU7  V42 91 
12AV6  1128 711T 
12AV7  V2r3 9A 
12AW6  V2s 7CM 
12AW7  V28 7C31 
12AX4GT  V39 4C0 
12AX7  V28 9A 
12AY7  V28 9A 
12127  V28 91 
12114  V28 9AG 
12116M  V22 61.1 
12137  V22 8V 
128731L  V22 8V 

TYPe Page Base Type Page Base Type Pape Base 
2880T.... V22 8T 17)14  V37 Fig. 45 452.5GT. V40 6.11.) 
2816  V28 7CC 17KP4  V37 Fig. 45 46  119 SC 
2817  V28 SCT 17LP4  V37 Fig. 42 47  V19 S11 
281)6  V28 7CC 17()P4  '   V23 61 
28E6  V28 7CH 17RP4  V37 Fig. 66 49  V20 5C 
213F6  V29 71111 17YP4  V37 Fig. 45 50  V24 41) 
213117  V29 91 17QP4  137 121) 5015  V23 6AA 
28E6  V29 7BT IS  V23 68 501X6G. V40 70 
21,1X6  V29 7DF 19  V20 6(' 50135  V29 7BZ 
2BT6  V29 7BT 19AP4  V37 Flic. 35 , 50(5  V29 7('V 
2131'6  V29 7BT 19AP4A. V37 121) 50(13(1T... V23 7AC 
2BY7..   V29 9BF 19/05  N'29 7111. , 501.6(1T. V23 7AC 
21127  V29 9A 1911G6G.... V23 5wr 5(11'.. ...... V47 21) 
2C8  V22 SE 19( .8  % 29 911 501X60. V40 70 
2(1114  V36 4M!' 191)101 . . . . V37 121) 50 X6  V40 712 
2DP4  V36 SAN 19EP4  V37 Fig. 35 50Y6GT.... V40 70 
2ESGT.... 122 60 19FP4  V37 11g. 35 , 50Y7GT. y40 8AN 
2E116 ...... V24 718T 19GP4  V37 121) 5026G  V40 70 
2FSGT.... V22 SM 19)6  V29 71iF , 51127G  V411 SAN 
2G7G  V22 7V 19J1'4  137 121) 51  V19 SE 
2116  V22 70 19T8  V29 9E 52  Vis 5c 
2.15GT  V22 60 I9V8  V29 9111 53  VIO 713 
2J7GT  V22 7R 20BP4  V37 121) 531  V44 T-411 
2K701'.... 1-- 7R 20('P4  V37 Fig. 44 I 55  V111 6(1 
2K8  V22 8K 20CP41.... V37 Fig. 44 56..   VI!) SA 
2KP41.... V36 Fig. 35 201)P4  V37 Fig. 44 I 5618  VIS SA 
2L8(111.... V22 8131 1 2011P4  V37 Fig. 66 57  V19 6F 
2LP4  1'36 121) 2001'14  V37 Fig. 42 57.111  VD( 61' 
vour. V22 7V 2011P4  V37 Eli:. 66 58  VII) 61' 
201'4  1.36 jig. 35 202P4  V37 Fig. 45 5818  N' 18 61, 
2RP4  V36 121) 20LP4  N37 Hg. 43 59  VIII 71 
:MGT..... V22 84"13 2051P4  V37 Fig. 42 70178T.... V23 8AB 
2SA7  V22 8R 20  V24 41) 70A7GT.... V40 8/13 
28(7  122 88 20J8C.M.... V23 811 701.7(111.... V23 SAA 
2813  V22 6113 2117  N'23 8AR 701.7(11'.... V40 SAA 
281,7  V22 7AZ 21AP4  V37 Fig. 44 7I-A  V25 41) 
28(17  V22 8BK 211.:P4A.... V38 Fig. 44 72  V40 4P 
28117  V22 8BK 21FP4A  '338 Hs. 43 73  V40 4 Y 
',5,17  V22 8X 2IKP4A.. V38 Fig. 15 i 75  V18 6G 
281(7  2131P4  V38 Fig. 43 , 75TH  V47 21) 
231.7GT... V22 8131.3 22  V24 4K i 75TL  V47 21) 
2SX7GT V22 81313 22AP4  V38 Fig. 35 , 76  V18 SA 
28P7  V36 121) 24-A  V19 5E , 77  V18 6F 
2807  V22 SQ 24AP4A.... V38 121) 78  V18 6F 
2SR7  V22 8(2 248P4  V38 Fig. 43 79  VIS 611 
28W7  V22 80 24-G  V44 21) 80  V40 4C 
2sN7  V22 81311 24XH  V38 Fig. 1 81  V40 411 
281'7  V22 8R 2516  V23 78 82  V40 4C 
2 1•14  V36 1212 25A7GT.... V39 81, 83  V40 4C 
211,1  V36 121) 25A7GT.... V23 81, 83-V  V40 4AD 
223  V39 4G 25105GT... V23 6(2 84/624  V40 51) 
•>75  V39 7L 25AV5GT... V23 6CE 85  VIS 6G 
414  V22 SAC 25135  V23 61) 85/8  V18 6(1 
419  V22 t6AA 25116G  V23 78 59  V18 6F 
417  1'22•73V 25B8GT.... V23 ST 99  V25 41) 
411,7  V22 SAC 2511K5  V29 9130 001'11  V48 '21) 
411,7  124 SAC 25110601'... V23 13AN1 0011L  V48 21-) 
4101  V22 SW 25('60  123 71e 1111  V47 21) 
ilts  V22 8X 25138011.... V23 SAY 12-A  VIS 41) 
004  136 Fig. 35 25L6  V23 7AC 171.71.T... V23 SAO 
8 a  V22 6AA 25N60  V23 7W 17L7GT... V40 SAC) 
41.'7  V22 8V 258  V19 6M I7M7GT... V23 SAO 
441P4  V36 12D 25T.. ...... V44 3(1 17317GT... V40 810 
41)1,4  V36 In) 25W4GT.... V40 4CG I7N7GT... V23 8AV 
4E6  V22 8W 25X6GT.... V40 70 17N7GT... V40 8AV 
4E7  V22 SAE 25Y4GT.... V40 SAA 17P7(IT... V23 SAV 
4EP4  V36 121) 25Y5  V40 6E I7P7GT... V40 SAY 
  V23 8AC 2523  V40 4G I 723  V40 41311 

4113  V23 81311r 2524  V40 5AA 1724GT... V40 SAA 
4GP4  V36 Fig. 42 2525  V40 6E 1726GT... V40 70 
4117   123 8V 2526  V40 70 28AS  V34 5A 
411P4  V.3. 11g 43 26  V24 41/ 5,(1'  130 2N 
427  v23 813L 2616  V29 7(3K 52TH  V50 4BC 
4N7  v23 SAC 26170T .... V23 mill' 52TL  V50 4BC 
4Q7  V23 SAL 2613KB  V29 7141 8241  1'25 41) 
4117  V23 SAE 26A7GT.... V23 sit i 83  V25 41) 
487  V23 8141, 26C6  V29 7111 20:3-A  V48 4E 
4V7  V23 8V 26C(16  V21) 7I3K 293-11  v is 3X 
4W7  V23 8132 26136  V29 7tH 294-1  \.-.2 T- IA 
4X7  V23 8132 2625W  V40 913$ 2(451)  v(3 41) 
4Y4  V39 5AB 27  v19 SA 211   VI, 4li 
423  V39 4(1 27AP4  v38 Fig. 43 212-E  V:32 T-2A 
5  V20 5F 281)7  V24 8118 2171  V40 4AT 
5AP4  V36 I2D 225  V411 5A8 217C  V40 4AT 
5CP4  V36 Fig. 35 30 ....... 1'20 41) 2271 
51)P4  V36 121) 31 ....... V2(1 41) 21111 
5E  5'43 T-4AF 32.. ..... V20 4K 2121 
6ADP4  V36 11g. 69 32L70T .. v23 88 . 2128 
61P4  136 Fig. 35 321.7(iT .. V40 8Z 242e 
6CP4  V36 Fig. 35 33  V2(4 5K 24913 
611101  V36 121) 34  v21) 4M 25)Tit  
61,P4  V36 Fig. 35 15/51   v19 ' 1' 250TL  
6GP4  V37 III) 45.55 v23 (IAA 2541  
60P413.... V37 121) 1.,11., . 529 7BZ 25413  
6GP4C.... V37 121) 454 .5.. V211 7CV 261/1  
611P4  V37 Fig. 35 151.6GT.... v23 7AC 2701  
61114  137 121) 351'  545 3G 2761  
6KP4  V37 121) 3511G  V45 211 282A  
6LP4  V37 FIR. 35 ti5W4  V40 513(3 28413  
6111P4  V37 121) , 35Y4  V40 SAL 284D  
6RP4  V37 121) 357-3  V40 4Z 295A  
68P4A  V37 121) 5Z44. Y.... V40 5AA 300T  
6TP4  V37 Fig. 35 3585G  V40 6A I) 3031  
6UP4  137 121) 35Z6G'.43) , 70 304A  
61-P4  V37 121) 36  VIS SE 30413  
6WP41... 1'37 12D 37  V18 51 304T11  
6214  V37 1213 38  VIS 5F 304TL  
7  V33 3G 39/44  V18 SF 305A  
71114  V37 I2D 40  V24 41) 306A  
781141.... V37 Fig. 45 .1025GT.... 540 6113 3071  
7BP411.... V37 121) 41   VIS 613 3088  
7('1'4  V37 121) 42  V18 611 310  
7FP4  V37 11g. 42 43  V23 613 311  
70P4  v37 Fig. 43 45  VI9 41) 311(11  
711P4  V37 Fig. 42 4523  V40 SAM 3121  

  V48 T-I8 
  V52 T-2AA 
  V47 411 879  

V49 4E 885  
V40 Mg. 53 886  
V51 11.X 902  
V51 IN 903  
V54 T-4C 904  
VS5 T-4C 905  
V49 4E 9013P1  
V52 T-IA 907  
V49 4E 908  
V56 4-TC 908A  
V49 3N 909  
V47 4E 910  
V49 4E 911  
V52 2N 912  

4E 913  
V52 T-11 914  
V45 21) 93(18  
V52 413C 938  
V52 411(' 950  
1156 l'-43E 951  
V54 T-5(.B 954  
V54 11-5e 955  
V52 11-21 955  
V43 41) 956  
V48 4E 957  
V49 FIR. 57 955  
V56 T-6(.• 9581  

TYPe Poe Base 

3121,  
3161  
327A  
32713 
34211 
3561 
3611  
376A  
410R  
48211  
483  
485  
527  
519  

152 T-211 
V44 --
1'48 T-411) 

  V47 T-4/11 
V48 4E 
V46 T-4BD 
V49 4E 
V49 4E 
V59 Mg, 58 
V25 41) 
VIS 413 
V25 SA 
V52 T-413 
V25 Fig. 18 

575A  V40 4AT 
592  V51 Fig. 52 
7031  V43 - 
705A  V40 T-3AA 
70711  V59 Fig, 61 
7158  %-86 - 
7171  VIII 813K 
723.18  V58 Ilg 60 
756  V45 41) 
800  V44 21) 
801  V43 41) 
8(111  V43 41) 
502  1'53 6I3M 
803  V57 5J 
8(14  V56 T-SC 
805  V50 3N 
806  V5I 2:%; 
83)7  V55 SAW 
807W  V55 SAW 
808  V46 21) 
809  V44 3G 
810  VS0 2X 
811  V46 3G 
811A  V46 3G 
812  V46 30 
812A  V46 30 
81211  V47 30 
813  V57 5BA 
814  V56 T-513 
815  V55 811Y 
816  V40 4P 
822  V5I 3N 
822$  V51 IN 
826  1'46 780 
828  N'57 5J 
829  V55 711P 
8291  V55 711P 
82913  V55 711P 
830  V45 41) 
83011  V46 3(1 
831  V52 T- IAA 
832  V114 713P 
832A  V54 7131. 
8331  V52 T-IAB 
834  V46 21) 
835  V48 4E 
836  V40 4P 
837  V53 613M 
838  V49 6E 
840  V20 51 
841  V43 4D 
841A  V46 3G 
8418W  V46 3G 
843  V43 5A 
844  VS4 SAW 
849  V52 T-11 
850  V57 T-311 
852  V49 21) 
860  V57 T-4CB 
861  V.58 11-1B 
864  V25 41) 
865  V54 T-4C 
866  V40 4P 
8661  V40 4P 
86613  V40 4P 
8661r  V40 413 
871   v411 4P 
872  V40 4./11. 
8721  V40 4AT 
874  V33 48 
876  V33 - 
878  V40 4P 

V40 4P 
V33 6() 
V33 5A 
V33 - 
V38 11g. 1 
V38 611. 
V38 Fig. 3 
V3/3 11g. 6 
V34 7AN 
V38 Fig. 6 
V38 7AN 
V38 7CE 
1138 Fig. 6 
113S 7AN 
V38 7AN 
V3s Fig. 8 
V38 Fig. 1 
138 Fig. 12 
V46 3G 
V49 4E 
V20 5K 
V19 4M 
125 5138 
V25 511C 
142 513C 
V25 5BH 
V25 51311 
V25 5B1) 
V42 5131) 



V4 CHAPTER 27 

Type Page Base Type Page Base Type Page Rase Tyne Page Base TYPE Page Base 

6,6  V25 58K 5651  V34 5130 I 9003  V30 7PNI 11V18  V5() 2N RK23  V53 614N1 
967  V33 3G 5654  V29 7131) 9004  V25 4BJ 8V27  V51 3N RI(.24  V42 41) 
975A  V40 4AT .56.56  V29 91 , 9005  V25 5BG HY6J5GT X . V42 6Q RK24  %'20 41) 
991  V33 -- 5663  V34 7CE 9006  V30 6815 11Y6 L6 GT X V54 7AC RK25  V53 6BM 
1003  V40 4R 5670  529 80J AT-340  V.58 SBK HY 6 VOGT X V54 7AC R112513  V53 613M 
1005  V40 5AQ 5675  V42 Fig. 36 A X9900  V50 Flg 5 11Y24  V42 4 D RK28  V57 .5J 
1006  V41 40 5679  V 17 7('X A X9903  V55 Fig. 10 H Y 25  V44 3G RIC28A  V.57 5J 
1201  V25 88N 5686  V29 Fig. 29 A X9905  V.54 Fig. 34 IlY 30Z  V44 4130 RK30  V44 21) 
1203  V25 4 A H 5686  V53 Fig. 29 BA  V39 41 11Y31Z  V44 T-40 RIC31  V45 3G 
1204  V25 8130 5687  V29 911 B11  V39 41 11Y40  V45 3G REC32  V45 20 
1206  V17 SR V 5691  V16 6111) BR  V39 411 11'1140Z  V45 3G RK33  V42 T-7DA 
1221  V18 6F 5692  V16 8131) 0E220  V:39 4P 11Y5 IA  V46 3G RK34  V43 T-700 
1223  V16 7R 5693  V14 8 X 0K501  V30 11%151 B  V46 3G RK35  V45 21) 
1229  V20 4K 5718  V32 813K CK502  V31 11Y512  V46 4130 RK36  V48 21) 
1230  V20 413 5719  V32 80K 01(503  V31 111'47  V4.5 3G RK37  V45 21) 
1231  V17 8V 5722  V29 5( 13 0K5414  V31 111110  V54 SAW R K38  V48 21) 
1232  VI7 8V 572.5  V29 70M 0 K505  V31 11%161.  V55 SAW R K39  V.54 SAW 
1247  V31 - 57211  V29 611T CK506  V31 11 Y 6:3. V53 T-8013 R K4 I  V.54 51W 
1265  533 411 5727  V34 713 1): CK507  531 11565  V.54 T-81)it R1(42  521 41) 
1266  V34 41J 5749  V29 7BK CK509  V31 11 Y 67 ..... V.5>1 T-5 DB RK43  521 6( ' 
1267  3134 4V 5750  V29 7(111 01(510  V31 11 Y69 ...... V55 T-51) RK44  V53 613N1 
1273  VI7 8V 5751  5'29 91 CK512  V31 111'75. V43 2'1' R1(46  V55 T-50 
1274  V4 I 68 5755  V29 9J 0K51513X.. V31 11175A. V43 2T RK47  V56 T-51) 
1275  V41 40 5763  V53 9E CK520A X . . 13131 11Y 113.. V31 5E RK48  557 T-50 
1276  V25 4 D 5764  V42 Fig. 38 CK52 IA X. . V31 II Y 11413 . 542 211 RK48A  V57 T-513 
1280  V23 8 V 5765  V42 Fig. 36 0K522A X . . V31 - 11Y115  V32 5K RI(49  V51 61 
1284  524 SV 5766  V42 Fig. 36 CK 523 A X . . V31 11Y123  V31 5K RK51  V46 3G 
1291  V21 78E 5767  V42 Fig. 36 C K 524 AX . . V31 11Y 125  V32 5K RK52  V46 3G 
1293  521 4A A 5768  V2.5 Fig. 36 CK525 A X . . V31 II Y145  V:12 SK RK56  V53 .51W 
1291  V21 4AH 5794  V42 Fig. 36 C K 526A X . . 531 11Y155 V32 5K RK57  V49 3N 
1299  V21 6B13 5812  V53 70Q ( K 527A X . . V31 111(615 v.12 T-81G RK58  V48 3N 
1602  V43 41) 58 12  ( K529AX.. V31 11Y801A. . V42 41) RK50  V43 11-412) 
1603  VIS 6F 5814  V29 9A CK55IAXA. V31 HY 8661r V40 41' RK60  >14 I T-41G 
1608  V43 40 5823  V34 40K (.K553AXA. V31 11 Y 123 I Z . V.14 T-41) ItK61  V32 - 
1609  V25 513 .5824  V24 78 CK556AX.. V31 11%11269  v36 T-5103 R1(62  V34 40 
1610  V53 T-501 5825  V41 4P CK568AX.. V31 HYEI 148 V42 T-81G RK63  V51 2N 
1611  V14 78 5836  V.59 CK569AX . V31 KY2 I . V34 - 131(631  V51 2N 
1612  V14 711' 5837  V59 (., K 6050 X . . V31 K Y866 v34 lie. 8 R1(.64  V53 SAW 
1613  V53 78 5840  V32 SOL ( K 606 B X . . V31 M54  v32 - 11.1(65  V58 T-3130 
1614  V54 710 5842  V29 9V CK 6080X. . V31 M64  V32 - RI(66  V55 T-5C 
1616  V4 I 4P 5844  530 713F (..K 6190X . . V31 M74  v32 - 131(75  V54 T-50 
1619  V54 11-9H 5845  V30 501 C K6240 X . . V31 X l'-2(135 . 525 Fig. 38 I( K 100  V43 T-613 
1620  V14 711 5847  V30 9X (._ K650AX.. V31 - P1(340 . . V57 5: t K 10(7051 .... V40 T-31A 
1621  V14 78 5866  V50 MK. 5 ( 1   ''' QK159. V.59 H i, 63 R1(866  V40 4P 
1622  V14 710 5876  V42 Fig. 36 ( K1005  V40 SAQ RK2.122  v60 - 1(51208  - V34 - - 
1623  V44 30 5879  V30 911) C K 1006  V41 4(1 RK2J23  V60 -- It N1209  534 - 
1624  V.55 T-500 5881 '  V54 710 ( K1007.... V 4 I T-9G R K2.124  1160 - S1)9171 .... V32 - 
1625  V55 5AZ 5881  V16 710 (._ 1(1009  V41 - Et K 2125  V60 - 8 D8281 . ... V32 - 
1626  V42 6Q 5893  V42 Fig. 38 (. K5672  V31 - RK2J26  V61) - 8 0828E. . .. V32 - 
1627  V50 2 N 58941  V55 Fig. 10 DR31327.... V39 41. R1(2127  V60 - 8131103  V.59 - 
1628  V44 11-4BB 5896 V32 8131 DRI230.... V49 Fig. 26 R1(2.128  569 - 801104  V59 - 
1629  V24 6RA 5897  V32 80K 013200  V50 2N R1(2.129  V60 - 8X944  V32 - 
1631  V24 7AC 5898  532 813K E F50  V25 90 RK2130  560 - 8X946  V32 - 
1632  V24 7A0 5899  V32 81)L F123A  V49 Fig. 26 RK2J3 1  560 - 8 X9470 . ... V32 - 
1633  V24 8131) 5900  V32 8 DI, F127A  V5 I Fig. 26 RK2J32  V60 - 8X948(',. .. V32 - 
1634  V24 88 5901  V32 81.31, 084  V39 413 RK4J33  560 - 8 N95311 .... V32 - 
1635  V16 813 5901,  V3', )11)1, GL2044 .... V2.5 Fig. 17 131(233.1  V60 - 8 N954  V32 - 
1641  V41 T-4 AG 5903 . ... .. V33 8131 (41.2044.... 5'49 Fig. 17 It K2136  560 - 8N95.51.3.... V32 - 
1642  V17 7101 5904  V33 81301C (11,5024 . . V5I Fig. 26 It K2.4.38  560 - 8 N95613 . ... V32 - 
1644  V24 Fig. 7 5905  V33 81)1., (41,5024 .... V.58 513E 131(2139  1160 - )4X9571 .... V32 - 
16.54  5906  V33 81, 01, 11146  V50 T-4130 it K2 48  V69 -- 8X1006  V:32 - 
1800  V38 6 51, 5907  533 itI)L 01,152  V50 T-4130 1(1(2 149  V60 - 8X100713,,, V32 - 
ISO I  V38 FIg. 13 5908  V33 800 01,159  V.52 T-413(; It K2250  V69 - T20  V43 30 
1802P1  V35 Ill 5910  5'30 OAR (1 L169  V52 T-41»; 1( 1(21.54  V60 - 121  V54 6 A 
1303P4  V36 611, 5915  V30 7011 GL446A .... >142 Fig. 19 11.1(2155  V60 - 11140  V45 30 
1804 P4  V36 611, 5916  V33 )3110 0 L446A .... V2.5 1.1g. 1 s R K2156  V60 - '1'55  V46 3(1 
1805P1  V35 II A 5933  N'55 5AW (4 L44613 .... 525 Fig. 19 It K2.158  V60 - '1160  V46 21) 
1806P1  V34 II 4 5962  V34 2AG 01,446B..., V42 Fig. 19 I(K2.161A. V6i) - T100  V47 21) 
1809P1  V36 813R 5963  V30 91 (4 L464A .... V25 Fig. 17 131(21621. V60 - 11125  V49 2N 
18 I IPI  V35 6AZ 5964  V30 713F 0 L4641 . ... V42 Fig. 17 R1(2.166  V611 - T2oo  5.51 2 N 
1816P41.... 5'38 Fig, 65 5977  V33 80K (11,559  V25 11g. IN 131(2.167  V61) - 11300  V5 I - - 

I   V14 7R 5087  V33 8 DM 01,592  V.51 Fig. 52 RK2J6m  V61) - '11814  V51 3N 
1852  V13 8N 6(8)5  v30 7137 (11,80121... V44 11-4104 RK2J69  V61) - 'F822  V51 3N 
1),153  V13 8N 6626  V42 H 0203A .. .. V50 3N RK4J3 I  V60 - T1335  V5.5 Fig, 54 
2091  V38 411 6072  V30 91 1(1930  V47 21) R K4.132  V61) - T I' F20  V43 2"11 
2002  V38 Fig, 1 6073  V33 5130 HF75  V47 21) 1(1(4133  V60 - 11 W75  547 21) 
2005  V38 Flg, I 6074  V33 5130 11F100  V47 213 RK4J34  V60 - '11 W 150  V50 2N 
2080  V34 8131 6080  %'I6 8BD HF120  V48 4F RK4.135  V60 - Tz2o  V43 3(1 
2051   60312  V24 8BD H F125  V48 - RK4J36  V60 - TZ40  V45 3G 
2523X112818 %.41 51 6111  333 8 DG H Fl 30  V49 RK4.137  51110 - 11E100  547 21) 

  V.16 4130 6135  V30 613G H F140  V48 41' RK4J38  V61) - UE468  V50 Fig. 57 
5.516  %A 7(.,, 6136  V30 7111( HFI50  V49 - It K4J39  V60 - UH35  V47 3G 
5517  V41 5101 6137  VII SN 11F175  V49 T-310 RK4.140  V0(I - UH50  545 21) 
5556  V42 41) 6146  V55 70K 111,200  V.50 2 X RK4J4 I  >16(i - 111151  545 21) 
5562  V56 Fig. 54 6155  557 513K H",   V50 2N RK4J43  V61) - V70  V47 3N 
5590  V29 781) 6156  V58 513K 111,300  V51 2N RK4J44  V430 - V70A  V47 3N 
5591  529 71(1) 6159  V55 70K 11K24  V44 30 11K4J53  V611 - V70B  V47 30 
5618  V53 7(1.) 6173  125 Fig, 67 I1K54  V45 21) RK4J54  560 - V700  V47 3G 
5633  5'32 - 6201  V30 9 > 111(57  V56 Fig. 64 R1(4155  560 - V700  V48 3G 
5634  V32 - 7000  V16 7R 11K I 54  V4' 21) R K. 4J 56  V60 - VR75  N'34 4.4.1 
5635  V32 SDI; 7193  V42 4 AN! 11K158  V45 21) RK4.157  V60 - VR90  V34 411 
5636  V32 81)0 7700  V18 6F H K252 L . .. . V50 48( 1 10(4.158  V60 - VR105  V34 4AJ 
5637  V32 - 8000  V51 2N I 111(253  V40 4AT ' 131(4J59  VII>) - VR150  V34 411 
5638  V32 - 8001  V.56 71351 111(254  V4)) 2 N 131(7251 . . V60 - VT52  V25 41) 
5639  V32 SOL 8003  V49 3 X 111(257  V57 7851 RK 1(i  V43 41) % T I27A .... V48 T-413 
5640  V32 - 8005  V48 3G ' 10(25714. . V57 711M RK I 1  544 3G VT 191  V44 - 
5641  V3*, - 8(8)8  V4 I Fig. 11 , 11K3041, . V52 4130 It K 12  544 30 5% E3(>41... . V45 21) 
5641  V32 6(1.1 8010-R  V45 11 K 354  V50 2N 11.1(15  VIO 41) X6030  V25 Fig. 

8012  V14 T-41311 ' 11K3540. .. V50 2 N: 12K16  19' X N.B  V25 Fig. 9 
5642  V32 - 80 I 3-A  v41 4P I 11K3541).... V50 2X I R1(17  V 1 9 5F XXI)  V24 810 
5643  V32 81)13 6016  V39 410 I 111(354 E. . V50 2N R K 16  V44 30 X X L  VI7 SAC 
5644  V32 4C % N 6020  41 4P . 111%3541 .... V 50 - N RK 9  5141 4AT X X FN1  V25 813Z 

% 5645  V:12 - 8025  44 4 >(/ ' 11K45411.... V52 2N 1(1( 2(1  V55 T-5C Z225  V40 4P 
5646  V32 - 9001  V30 71'S! 11K4541,.... V52 2N RK20A  V55 T-3(2 Z668  V50 - 
5647  v32 13 I 9002  V311 711N1 111(654  V52 2N R1(21  V4 I 4P 7,1360  V47 2 D 
5648  V49 - 9002  V42 7151 11V12  V51 3N 11K22  V41 'l'-41G Z B120  V47 41( 



VACUUM-TUBE DATA V5 
VACUUM-TUBE BASE DIAGRAMS 

The diagrams on the follow ing pages slonv standard soeket conneetions correspniding to the base designations 
given in the column headed -Socket Connections- in the classified tube-data tables. Bottom views are shown 
throughout. Terminal designations are as follows: 

A = Anode Cl= Collector II = I leater P = Plate (Anode) Ref = Reflector 
IS = Beam D = Deflecting Plate IC = Internal Con. Pi = Starter-Anode S =•. Shell 
BP = Bayonet Pin F = Filament IS = Internal Shield P/IF = Beam Plates TA = Target 
BS = Base sleeve FE = Focus Elect. K = Cathode RC = Ray-Control U = Unit 
C = Ext. Coating G = Grid NC = No Connection Electrode • = Gas-Type Tube 

Alphabetical subscripts D, P, T and II X indicate, respectively, diode unit, pentode unit, triode unit or hexode 
unit in multi unit types. Subscript M, T or CT indicates filament or heater tap. 

Generally when the No. 1 pin of a metal-type tube in Table I. with the exception of all triodes, is shown connected 
to the shell, the No. 1 pin in the glass (G or GT) equivalent is connected to an internal shield. 
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R.T.M .A. TUBE BASE DIAGRAMS 

Bottom views are shown. Terminal de.ignations on socket.: are shown above. 
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CHAPTER 27 

R.T.M.A. TUBE BASE DIAGRAMS 

Bottom views are shown. 'Fermin:II lit,ignalion› Oil ... Lc* , are eke', cm page \ 
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VACUUM-TUBE DATA 

H 

680 

R.T.M.A. TUBE BASE DIAGRAMS 

Bottom views are shown. Terminal designations on sorkets are gis en on page VS. 
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R.T.M.A. TUBE BASE DIAGRAMS 

Bottom views are shown. Terminal designations on sockets are given oil page 5. 
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VACUUM-TUBE DATA 
R.T.M.A. TUBE BASE DIAGRAMS 

Bottom views are shown. Terminal designations on sockets are given on page V5. 
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R.T.M.A. TUBE BASE DIAGRAMS 

CHAPTER 27 

Bottom views are shown. Terminal designations on sockets are given on page VI 
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TUBE BASE DIAGRAMS 

Bon  ie. ar,I,s ii. T..  • al ,b,ignations on sockets are given on page VS. 
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TUBE BASE DIAGRAMS 

Bottom %iews are shown. rerininal designations on sockets are gis en on page 5. 
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TABLE I- METAL RECEIVING TUBES 

Characteristics given in this table apply to all tubes having type numbers shown, including metal tubes, glass tubes with "G" suffix, and bantam tubes with "GT" suffix. 

For "G" and 'GT" tubes not listed (not having metal counterparts), see Tab es II, VII, VIII and IX. 

Typo Name 
Socket 
C  
Hens 

Fil. or Heater Cape Dance eefd. 

Use 
Pieta 
Supply 
Volts 

Orid 
alas 

Screen 
Volts 

Screen 
Current 
ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transco,. 
ductonce 
Micromos h 

Amp. 

Factor 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 
_ Volts Amp. In Out PlaW- 

Gad 

6A8 Pentagrid Converter 8A 6.3 0.3 Ose Grid leak = 
500000 

Convert., 250 - 3.0 100 2.7 3.5 Anode-grid No. 2) 250 volts max. thru 20,000 ohms 6A5 

6A117 
1853 Remote Cull-off Pentode 8N 6.3 0.45 8 5 0.015 Class-A Amp. 300 - 3.0 200 3.2 12.5 700000 5000 3300 •••• .-.-• 6A87 

1853 

6AC7 
1852 Sharp Cut-off Pentode 8N 6.3 0.45 11 5 0.015 Class-A Amp. 300 160' 150 2.5 10 1000000 9000 6750 .-. .-. 6AC7 

1832 

6AG7 Power Pentode 8Y 6.3 0.65 13 7.5 0.06 Class-Al Amp. 300 - 3.0 150 7/9 30/30.5 130000 11000 ...- 10000 3.0 6AG7 

6AJ7 Sharp Cut-off Pentode 8N 6.3 0.45 Class-A Amp. 300 160' 300 2.5 10 1000000 9000 .- -.-• 6AJ7 

6AK7 Pentode Power Amp. 112 6.3 0.65 13 7.3 0.06 Class-A Amp. 300 - 3 150 7 30 130000 11000 ..... 10000 3.0 6AK7 

688 Duplex-Diode Pentode 8E 6.3 0.3 6 9 0.005 Class-A Amp. 250 - 3.0 125 2.3 9.0 650000 1125 730 -=..= •-.. 6118 

6C5 Triode 6G6.3 0.3 3 11 2 
Class-A Amp. 250 - 8.0 =- ..-., 5.0 10000 2000 20 -. 

6C5 
lias Detector 250 -17.0 .-. Plate current adjusted to 0.2 ma. with no signal 

6FS High-µ Triode 5ha 6.3 0.3 5.5 4 2.3 Class-A Amp. 250 - 1.3 - .-.- 0.2 66000 1500 100 •-•-• 6F5 

250 -16.5 250 6.5 36 , 80000 2300 200 7000 3.2 
Class-At Pent., 315 -22.0 315 8.0 42 73000 2650 200 7000 5.0 

Class-Al Triode , 250 -20.0 •-• 34 , 2600 • 2600 6.5 4000 0.83 

6F6 Pentode Power Amplifier 75 6.3 0.7 6.5 13 0.2 Class-Alk Amp., 375 340* 250 . 8/28 .54/77 Power output for 2 tubes at '10000 , 19.0 6F6 
Cless-Alr Amp., 375 -26.0 230 5/19.5 34/52 stated load, plate-to-plate 10000* , 15.5 

Class-Alr Amp., e 
350 
350 730° _3. . 

.==-.. 
"..», 

- 
- 

50/61 
45/92 

.- .....= 
- 

•-•- 
-. 

10000 , 
6000 , 

9 
13 

6116 Twin Diode 70 6.3 0.3 ...- -. ..-. Rectifier Max. a.c. voltage per plate = 150 r.m.s. Max. output current 8.0 ma. d.c. 6H6 

6.15 Triode 60 6.3 0.3 3.4 3.6 3.4 Class-A Amp. 250 - 8.0 ..=..... - 9 7700 2600 I 20 -.--• 6J5 

6J7 Sharp Cut-off Pentode 7R 6.3 0.3 7 12 0.005 
R.F. Amp. 250 - 3.0 100 0.5 2.0 1.5 meg. 1223 1500 

6J7 
Bias Detector 250 - 4.3 100 Cathode current 0.43 ma. .. ==.= 0.5 Tag. 

61C7 Variable-a Pentode 7R 6.3 0.3 7 12 0.005 
R.F. Amp. 250 - 3.0 125 2.6 10.5 600000 1650 990 - ==-. 

61C7 
Mixer 250 -10.0 100 ..= ... .- Osell 

i 
ator peak volts =7.0 

61(8 Triode-Hexodo SIC 6.3 0.3 -.-. - .- Converter 250 - 3.0 100 6 2.5 Triode Pled* (No. ) 100 yells, 3.8 ma. 61(8 

Single Tube 250 170' 250 5.4/7.2 75/75 •-• =.... 2500 6.5 
Class Al 300 220' 200 3.0/4.6 51/54.5 -. •-.- ....... 4500 6.5 

Single Tube 250 -14.0 250 5.0/7.3 72/79 22500 6000 2500 6.5 
Class Al 350 -18.0 250 2.5/7.0 54/66 33000 5200 4200 10.8 

P.P. Class Al • 270 125' 270 11/17 134/145 •-.-- •-• - 5000 , 15.5 

6L6 Beam Power Amplifier 7AC 6.3 0.9 10 12 0.4 P.P. Class At , 
250 
270 

-16.0 
-17.5 

250 
270 

10/16 
11/17 

120/140 
134/155 

24500 
23500 

5500 
5700 

=-.= 5000 , 
5000 , 

14.5 
17.5 

6L6 

P.P. Class ABI e 360 250' 270 5/17 88/100 9000 e 24.5 

PP. Class Alit , 360 -22.5 270 5/15 88/132 Power output for 2 tubes. 6600 e 26.5 

360 -18.0 225 3.5/11 78/142 Load plate-to-plate 6000 , 31.0 

-_ 
P.P. Class AB' 6 360 -22.5 270 5/16 88/205 3800 , 47.0 

R.F. Amp. 250 - 3.0 100 5.5 5.3 500000 1100 j - ---= -. 
6L7 6L7 Pentagrid Mixer Amplifier 7T 6.3 0.3 

Mixer 250 - 6.0 150 8.3 3.3 Over 1 'neg. Oscillator-grid (No 3) voltage = - 15 

6N7  Twin Triode 58 6.3 0.8 ...- -.. Class-8 Amp. 300 0 .- --- 35/70 - - 8000 10.0 6N7 

607 Duplex-Diode Triode 7V 6.3 0.3 5 3.8 1.4 Triode Amp. 250 - 3.0 •••=. .--. 1.1 58000 1200 70 ...-= =...... 607 

6R7 Duplex-Diode Triode 7V 6.3 0.3 4.8 3.8 2.4 Triode Amp. 250 - 9.0 - -.- 9.5 5500 1900 16 10000 0.28 6R7 

657 Remote Cut-off Pentode 7R 6.3 0.15 6.5 10.5 0.005 Class-A Amp. 250 - 3.0 100 2.0 8.5 1000000 1750 - -... •••• 657 

65A7 Pentagrid Converter IIR, 6.3 0.3 =.=.• ........ Converter 250 0, 100 8.0 3.4 800000 Grid No 1 resistor 20000 o uns 65A7 

6567Y Pentagrid Converter 6.3 0.3 
9.6 9.2 .-. 

Converter 100 - 1 100 10.2 3.6 500000 900 - ...=. .. 
6587Y Converter 230 - 1 100 10 3.8 1000000 950 '-'-'"'""- 

Osc. Section in 88-108 Me. Serv. 250 22000, 12000, 12.11/12.5 6.5/6.5 -. ---. -.-. •-•-• - 

6SC7 Twin-Triode SS 6.3 0.3 .-...- I ....-1 .- Class-A Amp. 250 - 2.0 .- ••=- 2.0 53000 1325 70 - .-. 6SC7 



TABLE I- METAL RECEIVING TUBES-Continued 

Type Nome 
Socket 
c . 
I i ons 

Fil. or Heater Capacitance amfd. 

Use 
Plot* 

SvuoPrislY 
Grid 
Bias 

Screen 
Volts 

Screen 
Current 

Plate 
Current 

Plate 
Resistance 
Ohms 

T - 
ductance 
Microunhos 

Amp. ._ . 
r" ."` 

Load 
Resistance 
Ohnfs 

Power 
Output 
Watts 

Type 
Volts Amp. In Out 

Plate- 
Grid Ma. 

6SF5 High-a Triode 6AB 6.3 0.3 4 3.6 2.4 Class-A Amp. 250 - 2.0 - - 0.9 66000 1500 100 - -- 6SF5 
6SF7 Diode Variable-µ Pentode 7AZ 6.3 0.3 5.5 6 0.004 Class-A Amp. 250 - 1.0 100 3.3 12.4 700000 2950 -..., - -- 65F7 
6SG7 Semivariable-u Pentode 88K 6.3 0.3 8.5 7 0.003 H.F. Amp. 250 - 2.5 150 3.4 9.2 Over 1 meg. 4000 ---••• - --- 6SG7 

65H7 Sharp Cut-off Pentode 8BK 6.3 0.3 8.5 7 0.003 Class-A Amp. 250 - 1.0 150 4.1 10.8 900000 4900 - -- - 6SH7 
65J7 4 Sharp Cut-off Pentode 8N 6.3 0.3 6 7 0.005 Class-A Amp. 250 - 3.0 100 0.8 3 1500000 1650 2500 - - 65J7 
6SK7 Variable-a Pentode IIN 6.3 0.3 6 7 0.003 Class-A Amp. 250 - 3.0 100 2.4 9.2 800000 2000 1600 -,-.- - 6SK7 
6507 Duplex-Diode Triode 80 6.3 0.3 3.2 3.0 1.6 Class-A Amp. 250 - 2.0 -.- - 0.8 91000 1100 100 - -- 6507 
6SR7 Duplex-Diode Triode 80 6.3 0.3 3.6 2.8 2.40 Class-A Amp. 250 - 9.0 - .--. 9.5 8500 1900 16 - 6SR7 
6557 Voriable-µ Pertiode 8N 6.3 0.15 5.5 7.0 0.004 Class-A Amp. 250 - 3.0 100 2.0 9.0 1000000 1850 -•••- .- 6557 
6527 Duplex-Diode Triode 8Q 6.3 0.15 2.8 3 1.50 Class-A Amp. 250 - 9.0 - •-•-• 9.5 8500 1900 16 - •- 6517 
6SV7 Diode R.F. Pentode 7AZ 6.3 0.3 6.5 6 0.004 Class-A Amp. 250 - I 150 2.8 7.5 800000 3400 •••••- -• - 6SV7 
6SZ7 Duplex-Diode Triode 80 6.3 0.15 2.6 2.8 1.10 Class-A Amp. 230 - 3 --.- - 1.0 58000 1200 70 -.- .- 65Z7 
er7 Duplex-Diode Triode 7V 6.3 0.15 1.8 3.1 1.70 Class-A Amp. 250 - 3.0 -... - 1.2 62000 1050 65 - •-•- 6T7 

6V6 Beam Power Amplifier 7AC 6.3 0.45 2.0 7.5 0.7 
Class-A, Arnp., 250 -12.5 230 4.5/7.0 45/47 52000 4100 218 5000 4.5 

6V6 
Class-AB, Amp.° 

250 -15.0 250 5/13 70/79 60000 3750 - 10000 , 10.0 

285 -19.0 283 4/13.5 70/92 65000 3600 - 8000 , 14.0 
1611 Pentode Power Amplifier 75 6.3 0.7 .-- - - Audio Amp. Characteristics same as 6F6 1611 
1612 Pentagrid Amplifier 7T 6.3 0.3 7.5 11 0.001 Class-A Amp. 250 - 3.0 100 6.5 5.3 600000 1100 880 r - --- 1612 
1620 Sharp Cut-off Pentode 7E 6.3 0.3 - - - Class-A Amp. Characteristics sanie as 6J7 1620 

1621 Power Amplifier Pentode 75 6.3 0.7 •••-• 
Class-AB, Amp., 300 -30.0 300 6.5/13 38/69 -.- - - 4000 , 5.0 

1621 
Class-A, Amp., I 330 500• -•-• - 55/59 - - - 5000 , 2.0 

1622 Beam Power Amplifier 7AC 6.3 0.9 - -- .•-• Class-A, Amp. 300 -20.0 250 4/10.5 86/125 - - ---- 4000 10.0 1622 
1851 Television Amp. Pentode 7R 6.3 0.45 11.5 5.2 0.02 Class-A Amp. 300 - 2.0 150 2.5 10 750000 9000 6750 - --. 1851 
5693 Sharp Cut-off Pentode 8N 6.3 0.3 5.3 6.2 0.005 Class-A Amp. 250 - 3 100 0.85 3.0 1000000 1650 - -- - 5693 

6137 Remote Cut-off Peniode IN 6.3 0.3 5.0 6.5 0.003 Class-A, Amp. 250 - 3 100 2.6 9.2 800000 2000 - - - 6137 

*Cathode resistor-ohms. Screen tied to plate. 
7 For 6SA7GT use bose diagram SAD. , Also Type "65.17Y." 

TABLE II-6.3-VOLT GLASS TUBES WITH OCTAL BASES 

(For "G" and "GT"-Type Tubes Not Listed Here, See Equivalent Type in Table I; Characteristics and Connections Will Be Identical) 

, Grid bias-2 volts if separate oscillator excitation is used. Values are for single tube. 
Values ore for two tubes in push-pull. 

7 Max.-signal vo ue. 
T Plate-to-plote value. 
T Osc. grid look-Scrn res. 

TYP• 

- 213-2-2-  

Name 
Socket 
Connec- 
tions 

Fil. or Heater Capacitance ppfd. 

Use 
Plate 
Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Tr - 
ductance 
Micromhos 

Amp. 
._,...... 
•"'"" 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 
Volts Amp. In Out Plate- 

Grid 

p.a. Fig. 37 6.3 0.75 2.2 .--- ••-•••- U.h.f. Detector Average cathode Ma. = 5; Outpu volts = 50 d.c.; Load resistance = 10000. 2822 
2C22 Triode 4AM 6.3 0.3 2.2 0.7 3.60 Class-A Amp. 300 -10.5 -.- --•• 11 6600 3000 20 ..- -• 2C22 

6A5GT Triode Power Amplifier 62 6.3 1.0 

Class-A Amp., 250 -45.0 - --•• 60 800 4.2 2500 3.73 

6A5G P.P. Class AB , 325 -68.0 -, - 80 - 5250 :•-• 3000 , 15.0 
P.P. Class AB , 325 850* 80 - ...... 5000 8 10.0 

6AB6G Direct-Coupled Amplifier 7AU 6.3 0.5 - .-. .---. Class-A Amp. 
250 o Input 5.0 

40000 1800 72 8000 3.5 6AB6G 
250 0 Output 34 

6AC5GT 
High-a Power-Amplifier 

Triode 60 6.3 0.4 - - P.P. Class 8, 250 0 - --, 5.0 
36700 3400 125 10000 8 8.0 

6AC5GT 
Dyn.-Coupled 250 - - - 32 7000 3e 

6AC6G Direct-Coupled Amplifier 7AU 6.3 1.1 .- Class-A Amp. 
180 o Input 7.0 

•••-• 3000 54 4000 3.8 6AC6G .-• 
180 0 Output 45 

6ADSG High-a Triode 60 6.3 0.3 4.1 3.9 3.3 Class-A Amp. 250 - 2.0- •-•-• •-•••••• 0.9 .- 1500 100 •••••••• - 6ADSG 
6ACI6G 1, Electron-Ray Tube 7AG 6.3 0.15 -• .- •-•••• Indicator 100 0 for 90•; -23 for 135*; 45 for CP. Target current 1.5 ma for Cit 6AD6G 

6AD7G Triode-Pentode SAY 6.3 0.85 -.- 
Triode Amp. 250 -25.0 -•-• 4.0 19000 325 6.0 -..... •-• 

6AD7G 
Pentode Amp. 250 -16.5 250 6.5 34 50000 2500 •••-•.- 7000 3.2 



TABLE II-6.3-VOLT GLASS TUBES WITH OCTAL BASES- Continued 

Type 
Socket Fil. or Heater Capacitance .mid. 

Use 
Plate 
SuPPIY 
Volts 

i 
GrId 
Bi °s 

Screen 
y it 
° s 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 

Micromhos 

Amp 

Factor 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 
Name Conn«. 

lions Volts Amp. In Out Plate- 

6AESG ,0 Triode Amplifier 6Q 6.3 0.3 - ----. -• Class-A Amp. 95 -15.0 - =- 7.0 3500 1200 M.231.=. .--. 6AE5G 

6AE7OTI, Twin-Input Triode 7AX 6.3 0.5 •- - -.. Driver Amplifier 250 -13.5 ..- .- 5.0 9300 1500 111111111=1. .-. 6AE7GT 

6AFSG Triode 60 6.3 0.3 .-.- - --• Class-A Amplifier 180 -18.0 - - 7.0 -. 1500 7.4 •=1. -.. 6AF50 

6AF70 Twin Electron Ray SAG 6.3 0.3 - - - indicator Tube Ma 6AF7G 

6AG6Gl, Power-Amplifier Pentode 75 6.3 1.25 - - •-•-- Class-A Amplifier 250 - 6.0 250 6.0 32 -- 10000 -- EMI. 3.75 6AG6G 

6AH4GT Triode SEL 6.3 0.75 7.5 3.2 4.2 Class-A Amplifier 250 -23 - - 30 1780 4500 8 -- - 6AINGT 

6AH5G 
6AHSO Beam Power Amplifier 6AP 6.3 0.9 - -••••- - Class-A Amplifier 350 -18 250 -- -, 33000 5200 -- 4200 10.8 

6AH7GT 
6AH7GT Twin Triode 81E 6.3 0.3 - -.- -..- Converter 8. Amp. 250 - 9.0 - •-•• 12 1 6600 2400 Ma -- .-. 

6AL6G Beam Power Amplifier 6AM 6.3 0.9 ..- Class-A Amplifier 250 -14.0 250 5.0 72 22500 6000 .- 2500 6.3 6AL6G 

6AL7GT Electron-Ray Tube 8CH 6.3 0.15 .- -.• Indicator 
Outer edge of any of the three illuminated areas displaced lAie in. min. 

to its electrode. Similar inward disp. with -S volts. No pattern 
ouhvo 

with -6 
d with +5 
volts grid 

voles 6AL7GT 

6/47GT Duplex Diode Triode 8CK 6.3 0.3 2.3 1.5 2.8 Class-A Amplifier 250 - 2.0 - - 2.3 44000 IIMI=. 70 -- .-.- 6A07GT 

6AR6 Beam Power Amp. 610 6.3 1.2 11 7 0.55 Class-A Amplifier 250 -22.5 250 5 77 21000 5400 illa -.. •-• 6AR6 

6AS7G 
D.C. Amplifier 135 250 --- - 125 280 7500 

MU - - 6AS7G 
Low-Mu Twin Triode CID 6.3 2.5 .-- -.. -, Class-A. Amp. P.P, 250 2500* - -- 100/106 280 225 , I=1 6000 , 13 

6AUSGT Beam Pentode 6CK 6.3 1.25 11.3 7 0.5 Harz. Def. Amp. 45011 -501I -- -- 100" Peak pos. plate pulse =5000 volts. 6AUSGT 

6AVSGT Beam Pentode 6CK 6.3 1.2 -. - ,...- Hors. Def. Amp. 5001I -50t1 1751i 10011 Peak pos. plate pulse =4500 volts. 6AVSGT 

6AW7GT Twin Triode 8CQ 6.3 0.3 - -• .- Class-A Amplifier 100 0 - -.- 1.4 - MIEEM Ina «- “-- 6AW7GT 

6B4G Triode Power Amplifier SS 6.3 1.0 .-- --.. Power Amplifier Characteristics same as Type 6A3 -Table IV 111=1 -- 6B4G 

6160 Duplex-Diode High.» Triode 7V 6.3 0.3 1.7 3.8 1.7 Detector-Amplifier Characteristics same as Type 75 -Table IV 1=1.1=.11 •-- 6B6G 

6BDSGT Beam Pentode 6CK 6.3 0.9 - Hon. Def. Amp. 325" - 32511 100,, Peak pos. plate pulse =4000 volts. 611DSGT 

6BL7GT Double Triode BID 6.3 1.5 4.4 1.1 4 Class-A Amp. 250 - 9 -.-- .- 401 2000 7000 Ma -- -- 6BL7GT 

613Q6GT Beam Pentode 6AM 6.3 1.2 - - Deflection Amp. 5501I -- 150 1001, Peak pos. plate pulse =4000 volts. 61106GT 

-6BG6G Beam Power Amplifier SIT 6.3 0.9 11 6.5 0.5 Deflection Amp. 700 11 -50 11 350 100I, Peak pos. plate pulse =6000 volts. 66060 

611X7GT Twin Triode 11110 6.3 1.5 4.4 1.1 4.2 Class-A Amplifier 250 390 .--- 42 1300 BUZNIMI --- --- 68)(7GT  

6C80 Twin Triode 8G 6.3 0.3 - Amp. 1 Section 250 - 4.5 -.-=. 3.1 26000 1430 Ma -..- •-•••• 6C8G 

6CD6G 
6CD6G 

i.D8G 

Beam Pentode SIT 6.3 2.5 26 10 1.0 Herz. Def. Amp. 7001i -50" 175 11 -..- 170 11 Peak pos. plate pulse =6000 volts. 

Pentagrid Converter BA 6.3 0.15 -•-•• •- Converter 250 - 3.0 100 Cathode current 3.0Ma. Anode grid (Na. 2) Volts =250, 6080 

6E8G 10 Triode-Hexode Converter 80 6.3 0.3 -- Converter 250 - 2.0 Triode Plate 150 volts 6E8G 

6F80 Twin Triode 8G 6.3 0.6 - •- -•-•- Amplifier 250 - 8.0 - -• 91 7700 2600 20 -- .- 6F8G 

6G 
Class-A Amplifier 180 - 9.0 180 2.5 15 175000 2300 400 10000 1.1 

6060606GClass-A Pentode Power Amplifier 75 6.3 0.13 ..- -..--- - 
Amplifier , 180 -12.0 -•-.- -. .- 4750 2000 BEE 12000 0.25 

6H4GT Diode Rectifier SAP 6.3 0.15 - -••• - Detector 100 -.-- -.- -- 4.0 -- - =11 ....- -.- 6H4GT 

61480 Duo-Diode High-a Pentode BE 6.3 0.3 -• -. •- Class-A Amplifier 250 - 2.0 100 «.- 8.5 650°00 MZI=.11=1.11=111 -•- 6S150 

6.1110 1, Triode Heptode 8H 6.3 0.3 -... Converter 250 - 3.0 100 2.8 1.2 Anode-grid (No. 2) 250 volts max.* 5 ma. 6.180 

6K5GTI, High-e Triode SU 6.3 0.3 2.4 3.6 2.0 Class-A Amplifier 250 - 3.0 -. 1.1 5°000 MIZZEIMMIM=. - 6B5GT 

6K6GT Pentode Power Amplifier 75 6.3 0.4 - Class-A Amplifier Char« eddies same as Type 41 -Table IV 6K6GT 

6L5G Triode Amplifier 60 6.3 0.15 2.8 5.0 2.8 Class-A Amplifier 250 - 9.0 - .- 8.0 -- 1900 IIIM -- -.• 6L5G 

6M6Gl, Power Amplifier Pentode 75 6.3 1.2 -.-- - .- Class-A Amplifier 250 - 6.0 250 4.0 36 -- 9500 1=I 7000 4.4 6M6G 

6M7G Pentode Amplifier 7R 6.3 0.3 -- - ..- R.F. Amplifier 250 - 2.5 125 2.8 10.5 900000 11.=.111=1 -- 6M7G 

6M8GT 
Triode Amplifier 100 - - 0.5 91000 MEZZII=1 - 6m8GT 

Diode Triode Pentode 11AU 6.3 0.6 Pentode Amplifier 100 - 3.0 100 - 8-5 • 2°0000 MIZMI=1 --

6N6Gl, Direct-Coupled Amplifier 7AU 6.3 0.8 - - •- Power Amplifier Characteristics same as Type 615-Table IV 1=11 .- -.- 6N6G 

Class-A Amplifier 250 -13.5 -. --.- 9500 1450 13.8 -- •-• 6P5GT 
61,5GTi, Triode Amplifier 60 6.3 0.3 3.4 5.5 2.6 

6P7Gl, Triode-Pentode 7U 6.3 0.3 - Class-A Amplifier Characteristics same as 6F7-Table IV 6P7G 

6PlIG Triode-Hexode Converter 8K 6.3 0.8 -.- Converter 250 - 2.0 75 1.4 1.3 Triode Plate 100 v. 22 ma. 6P80 

6060 Diode-Triode 6Y 6.3 0.15 -••• -..- -••=- Class-A Amplifier 250 - 3.0 -. -..- 1.2 - 1050 65 ,.-- -.- 6060 

6R6G 
6R6G Pentode Amplifier 6AW 6.3 0.3 4.5 11 0.007 Class-A Amplifier 250 - 3.0 100 1.7 7.0 •-•• 1450 Era - - 
6S6GT Remote Cut-off Pentode MK 6.3 0.45 •-• - R.F. Amplifier 250 - 2.0 100 3.0 13 350000 4000 -- -- 6S6GT 



TABLE 11-6.3-VOLT GLASS TUBES WITH OCTAL _  BASES-

Sockel Fil' or Heater Capacitance pufd. 
Plate Screen Plate Plate Transcon- Load Power Type Name C - 

Plate- Use Amp. Supply Grid Screen Current Current Resistance ductance Resistance Output Type 
Pricier lions Volts Bias Volts Ma. Ma. Ohms Micromhos Ohms Watts Volts Amp. In Out Grid 

6S8GT Triple Diode Triode ICI 6.3 0.3 1.2 5 2 Class-A Amplifier 250 - 2.0 0.9 91000 1100 100 - - 6S8GT  

65D7GT  Medium Cut-off Pentode BM 6.3 0.3 9 7.5 .0035 R.F. Amplifier 230 - 2.0 100 1.9 6.0 1000000 3600 - - - 65D7GT  

6SE7GT Sharp Cut-off Pentode IN 6.3 0.3 8 7.5 .005 R.F. Amplifier 250 - 1.5 100 1.5 4.5 1100000 3400 3730 - - 6SE7GT  

6SH7L Pentode R.F. Amp. 88K 6.3 0.3 - --.• --.- Class-A Amplifier 250 - 1.0 150 4.1 10.8 900000 4900 -. -- ---- 6SH7L  

6SL7GT Twin Triode 810 6.3 0.3 - ---,- -.- Class-A Amplifier 250 - 2.0 .--. •-.. 2.3 , 44000 1600 70 - - 651.70T  
6SN7GT 

6SN7GT Twin Triode 88D 6.3 0.6 - -- -- Class-A Amplifier 250 - 8.0 - ..-. 9.0 , 7700 2600 6SN7GTA 
20 .-..- - SN7GTA  

6SU7GTY Twin Triode 880 6.3 0.3 .-.- ---• ---. Class-A Amplifier 250 - 2.0 -.- --. 2.3 44000 1600 70 - 6SU7GTY  

6T6GM IS Amplifier 6Z 6.3 0.45 --• - - Class-A Amplifier 250 - 1.0 100 2.0 10 1000000 5500 - -- 6T6GM  
6U6GT Beam Power Amplifier 7AC 6.3 0.75 - --- - Class-A Amplifier  200 -14.0 135 3.0 56 20000 6200 3000 5.5 6U6GT  

6U70 Variable-p Pentode 7R 6.3 0.3 5 9 .007 Class-A Amplifier ' Characteristics same as Type 606-Table Ill 6U70  

6V5GT Beam Power Amplifier 6A0 6.3 0.45 9.0 10 0.6 Class-A Amplifier 315 - 13 225 6.0 35 77000 3750 .- 8500 5.5 6V5GT  

6V7G 15 Duplex Diode-Triode 7V 6.3 0.3 2 3.5 1.7 Detector-Amplifier Characteristics same as Type 85-Table Ill 6V7G  

6W6GT Beam Power Amplifier 7AC 6.3 1.25 - -  -- Class-A Amplifier 135 - 9.5 135 12.0 61.0 - 9000 215 2000 3.3 6W6OT  

6W7G Pentode Del. Amplifier 7R 6.3 0.15 5 8.5 .007 Class-A Amplifier 250 - 3.0 100 2.0 0.5 1500000 1225 1850 - - 6W7G  

6X6G Electron-Ray Tube 7AL 6.3 0.3 •-•- -- Indicator Tube 230 0 v. for 300°, 2 ma. -8 v. for 0°, 0 ma. Vane grid 125 v. 6X6G  

6Y6G Beam Power Amplifier 7AC 6.3 1.25 15 8 0.7 Class-A Amplifier 135 - 13.5 135 3.0 I 60.0 1 9300 I 7000 I --.- 2000 3.6 6Y60  
6Y7G 7, Twin Triode Amplifier 88 6.3 0.3 -.- ...- •-..- Class-8 Amplifier Char« Mid« same as Type 79-Table IV  6Y7G  

180 0 - 8.4 - - 12000 4.2  6Z7G Twin Triode Amplifier IIII 6.3 0.3 - -- - Class-B Amplifier 
.,, . 6Z7G 

135 0 ---..- 6.0 - ...-- ---- 9000 ...a.  
717A Sharp Cut-off Pentode 88K 6.3 0.175 - ...- Class-A Amplifier 120 - 2.0 120 2.5 7.5 390000 4000 - - --• 717A  

1223 Sharp Cut-off Pentode 7R 6.3 0.3 - - Class-A Amplifier , Characteristics same as 6C6-Table IV 1223 

1635 Twin Triode Amplifier 88 6.3 0.6 - - - Class-8 Amplifier 400 0 -•..- - 10/63 --.- -... 14000 17 1635  
2.4 7 2.3 7 3.6 7 5691 HI-Mu Twin Triode BBD 6.3 0.6 

Class-A Amp. 250 - 2 - - 2.3 3 44000 1600 70 - - 5691 

2.3 7 2.5 7 3.5 7 5692 Medium-Mu Twin Triode BID .6.3 0.6 
Class-A Amp. 250 - 9 - --- 6.5 , 9100 2200 18 - - 5692 

5881 Beam Power Amp. 7AC 6.3 0.9 -•-.- «•••••• Audio Amplifier  Characteristics same as 61.114 Table I 5881 

6080 Low-Mu Twin Triode BID 6.3 2.5  6.4  2.2 8.4 D.C. Amplifier 135 250* -  ...- 125 3 280 7000  2 j __-. r-__ 6080-
7000 Low-Noise Amplifier 7R 6.3 0.3 - -.- .-.• Class-A Amplifier Characteristics same as Type 6J7-Table I  7000-

... - • • - - - 
NIS s r-ra ms. 

Per plate. 
O Screen tied to plate. 
Through 20,000-ohm dropping °sister. O 

Values are for single tube. SPlate-to-plate value. 
Values are for two tubes in push-pull. 7 No. 1 triode. 

TABLE Ill -7-VOLT LOCH-IN- TUBES- Fer . 

5 No. 2 trlode. 
5 Peak of. volts G-G. 



TABLE III-7-VOLT LOCK-IN-BASE TUBES-Continued 

Type Name 
Socket 
Co nnec- 
lions 

Heater Capacitance ppfd. 

Use 
Plate 

SuPPIY 
Volts 

rid 
GBi as 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

T - 
ductance 

Micromhos 

Amp. 

Factor 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 
Volts Amp. In Out P4c:::' 

7AK7 Sharp Cut-off Pentode 11V 6.3 0.8 12 9.5 4 Chiss-Ai Amp. 150 o 90 21 40 11500 5300 - - - 7AK7 
784 High.» Triode SAC 7.0 0.32 3.6 3.4 1.6 Class-A Amplifier 250 - 2.04 ....... ..... 0.9 66000 1500 100 - -.. 764 
785 Penlode Power Amplifier 6AE 7.0 0.43 3.2 3.2 1.6 Class-Ai Amplifier' 250 -18.0 250 5.5/10 32/33 68000 2300 .- 7600 3.4 783 
786 Duo-Diode Triode 8W 7.0 0.32 3.0 2.4 1.6 Class-A Amplifier 250 - 2.0 .-. 1.0 91000 1100 100 .- -.. 766 
787 Remote Cut-off Pentode 8V 7.0 0.16 5 7 .005- Class-A Amplifier 250 - 3.0 100 2.0 8.5 700000 1700 1200 - .-. 787 
788 Pentagrid Converter 11X 7.0 0.32 10.0 9.0 0.2 Converter 250 - 3.0 100 2.7 3.5 360000 Anode-grid 250 volts max., 788 
7C3 Tetrode Power Amplifier 

- 

6AA 7.0 0.48 9.5 9.0 0.4 Class-A, Amplifier 250 -12.5 250 4.5/7 45 /47 52000 4100 ..... 5000 4.5 7C5 
7C6 Duo-Diode Triode 11W 7.0 0.16 2.4 3 1.4 Class-A Amplifier 250 - 1.0 - 1.3 100000 1000 100 7C6 
7C7 Pentode Amplifier 8V 7.0 0.16 5.5 6.5 .007 Class-A Amplifier 250 - 3.0 100 0.5 2.0 2 meg. 1300 7C7 
7D7 Triode-Hexode Converter 8AR 7.0 0.48 .- .... ..... Converter 250 - 3.0 Triode Plate (No. 3 150 v. 3.5 ma. 7D7 
7E6 Duo-Diede Triode 8W 7.0 0.32 - - Class-A Amplifier 250 - 9.0 - 9.5 8500 1900 T 16 - 7E6 
7E7 Duo-Diode Pentode SAE 7.0 0.32 4.6 4.6 .005 Class-A Amplifier 250 ' - 3.0 100 1.6 7.5 700000 1300 .-.- - -. 77 _ 
7F7 Twin Triode SAC 7.0 0.32 ..- - Class-A Amplifier , 250 - 2.0 2.3 44000 1600 70 - .-. 7F7 

7F8 Twin Triode 118W 6.3 0.30 2.8 1.4 1.2 R.F. Amplifier 
250 10.0 10400 5000 - -. ..-i 7F8 
180 12.0 8500 7000 

7G7 / 
1232. Sharp Cut-off Pentode 11V 7.0 0.48 1 7 .007 Class-A Amplifier 250 - 2.0 100 2.0 800000 4500 - .-- 7g 1  

7"/ 
1206 D d t Dual uaeroe 1111V 6.3 0.30 3.4 2.6 0.15 R.F. Amplifier 2 250 - 2.5 100 0.8 4.5 225000 2100 -. W tjj 

7H7 Semi-Variable-is Pentode 8V 7.0 0.32 8 7 .007 R.F. Amplifier 250 
_ 

- 2.5 150 2.5 9.0 1000000 3500 - -. - 7H7 
7J7 Triode-Heptode Converter 8AR 7.0 0.32 ...... .... - Converter 250 - 3.0 100 2.9 1.3 Triode Plate 250 v. Max., 7J7 
7K7 Duo-Diode High-p Triode 1111F 7.0 0.32 Class-A Amplifier 250 - 2.0 - 2.3 44000 1600 ' 70 .-.... r- 7K7 -7L7 

-7N7 

Sharp Cut-off Pentacle IV 7.0 0.32 8 6.5 .01 Class-A Amplifier 250 - 1.5- 100 1.5 4.5 100000 3100 Cathode Resister 250 ohms 71.7 

Twin Triode SAC 7.0 0.6 
3.4 3 
2.9 3 

2.0 3 
2.4 3 

3.0 3 
3.0 3 Class-A Amplifier, 250 - 8.0 -..... 9.0 7700 2600 20 -- .... 7N7 

707 Pentagrid Converter 8AL 7.0 0.32 .-.- ...... Converter 250 0 100 8.0 3.4 800000 Grid No 1 resider 20000 ohms 707 
7R7 Duo-Diode Pentode SAE 7.0 -0.32 5.6 5.3 .004 Class-A Amplifier 250 - 1.0 100 1.7 5.7 1000000 3200 .. -. - 7R7 
757 Triode Keitode Converter 1113L 7.0 0.32 -.-. -.. ..... Converter 250 - 2.0-- 100 2.2 1.7 2000000 Tried Plate 250 v. Max., 757 

787 Pentode Amplifier 8V 7.0 0.32 8 7 .003 Class-A Amplifier 250 - 1.0 150 4.1 10.8 900000 4900 -.. -. .-. 7T7 

7W Sharp Cut-off Pentode 8V 7.0 0.48 9.5 6.5 .004 Class-A Amplifier 300 160* 150 3.9 10 300000 5800 -.-. -. •-• 7V7 

7W7 Sharp Cut-off Pentode 8BJ 7.0 0.48 9.5 7.0 .0023 Class-A Amplifier 300 - 2.2 150 3.9 10 300000 5800 -. ... .- 71N7 

7X7 Duo-Diode Triode 8BZ 6.3 0.3 - - - Class-A Amplifier 250 - 1.0 - - 1.9 67000 - 1500 100 - - 7X7 
1231 Peniode Amplifier 81/ 6.3 0.45 8.5 6.5 .015 Class-A Amplifier 300 200* 150 

_ 
2.5 ' 10 700000 5500 3850 ..... -- 1231 

1273 NonmIcrophonic Pentode 5V 7.0 0.32 6.0 6.5 .007 Class-Al Amplifier 
250 

100 

- 3.0 

- 1.0 

100 

100 

0.7 

1.8 

2.2 

5.7 

1000000 

400000 

1575 

2275 

-.... 

-..- 

- 

-,-. - 
1273 

5679 Twin Diode 7CX 6.3 0.15 - - - V.T.V.M. Rectifier Same as 7A6 5679 

XXI. Triode Oscillator SAC 7.0 0.32 - Oscillator 250 - LO .-. - 8.0 ...... 2300 J 20 .- -- XXL 

*Cathode resistor-ohms. Applied through 20000-ohm dropping resistor. 2 Each section. 

TABLE IV - 6.3-VOLT GLASS RECEIVING TUBES 

Name Base 
Socket 
Connec-
tions 

Fil. or Heater Capacitance pfd. 

Volts Amp. In Out 
Plate. 
Grid 

Use 
P late 
Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

2C21/ 
1642 

Twin-Triode Amplifier M. 7811 6.3 0.6 Class-A Amp. 250 -16.5 

Triode No. 1. Triode No. 2. 

Screen 
Current 
Ma. 

6A3 Triode Power Amplifier M. 4D 6.3 1.0 7.0 5.0 16.0 
Class-A Amp. 

Class AL Amp.l0 1%) 
250 -45 

-62 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon. 
ductance 
Micromhos 

Amp. 
Factor 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 

8.3 7600 1375 10.4 
2C21/ 
642 

60 

80 
80 

800 5250 4.2 2500 

3000 " 
5000 " 

3.5 

15 
10 850* 

Fixed Bias 
Self Bias 

6A3 



TABLE IV-6.3-VOLT GLASS RECEIVING TUBES- Continued 

Typo Name Ilase 

socket 

Connec- 
lions 

Fil. or Healer Capacitance µµfd. - 

Use 
Plate 
Supply 
Volts 

Grid 
., 
" I° 

Screen 
‘,..... 
''''''' 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 
Plate 

Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

Amp. , 
• '" Volts Amp. In Out Pe:" 

6A4# Pentode Power Amplifier M. 58 6.3 0.3 - •-• === -Class-A Amp. 180 -12.0 180 3.9 22 60000 2500 150 8000 1.3 6A4 

6A6 Twin Triode Amplifier M. 78 6.3 0.8 -.-= Class-8 Amp. P.P. 250 
300 

0 
0 -... ..-• Power output is for one tube at stated 

load, plate-to-plate 
8000 
10000 

8» 
10.0 

‘.6 
'""' 

6A7 Pentagrid Converter S. 7C 6.3 0.3 8.5 9.0 0.3 Converter 250 - 3.0 100 2.2 3.5 360000 1 Anode grid (No. 2) 200 volts max. 6A7 
6A8.5/6N5 Electron-Ray Tube S. 6R 6.3 0.15 - Indicator Tube 180 Cut-off Grid Was = - 12 v. f 0.5 Target Current 2 ma. •- )6A115/6N5 

6AF6G Electron-Roy Tube 
Twin Indicator Type S. 7AG 6.3 0.15 -•-• •• .-. Indicator Tube 135 

100 
Ray Control 
Ray Control 

Voltage 
Voltage 

=81 for 
=60 for 

0° Shadow Angle. Target current 1.5 ma. 
0° Shadow Angle. Target current 0.9 ma. 6AF6G 

685 Direct-Coupled Power 
Amplifier M. 6AS 6.3 0.8 .-.- .- -• Class-A Amp., 

Push-Pull Amp. ,, 
300 
400 

0 
-13.0 

- 
- 

6, 
4.5 , 

45 
40 

241000 
-.- 

2400 
- 

58 
- 

7000 
10000 ,, 

4.0 
20 

685 

687 Duplex-Diode Pentode S. 70 6.3 0.3 3.5 9.5 .007 PenAmp.t" . /IF' 250 - 3.0 125 2.3 9.0 650000 1125 730 .-‘- .... 687 

6C6 Sharp Cut-off Pentode S. 6F 6.3 0.3 5 6.5 .007 R.F. Amplifier 250 - 3.0 100 0.5 2.0 1500000 1225 1500 - 6C6 
6C7 

606 

607 - Sharp 

6E5 

6E6 - Twin 

6E7 

Duplex Diode Triode S. 7G 6.3 0.3 - - - Class-A Amp. 250 - 9.0 -.-. - 4.5 - 20 1250 .- 6C7 
Variable-µ Pentode S. 6F 6.3 0.3 4.7 6.5 .007 R.F. Amplifier 230 - 3.0 100 2.0 8.2 800000 1600 1280 ....... -... 606 

07d-off Pentode S. 7H 6.3 0.3 5.2 6.8 .01 Class-A Amp. 250 - 3.0 100 0.5 2.0 -»-= 1600 1280 -.=. -- 6D7 
Electron-Ray Tube S. 61 6.3 0.3 •-•- .-.• - Indicator Tube 250 0 -•-• - 0.25 Target Current 4 ma. 6E5 

Triode Amplifier M. 78 6.3 0.6 .-. - Class-A Amp. 250 -27.5 Per plate-1.0 3500 1700 6.0 14000 1.6 6E6 
Variable-J. Pentode S. 7H 6.3 0.3 =••••• .-. .- R.F. Amplifier Characteristics same as 6U70 -Table II 6E7 

6F7 Triode Pentode S. 
. 
7E 6.3 0.3 •••=-.. ....- .-... 

Triode Unit Amp. 100 - 3.0 •-• - 3.5 16000 500 - 
Pentode Unit 

Amplifier 250 - 3.0 100 1.5 6.5 850000 1100 
6F7  

605/605 Electron-Ray Tube S. 6R 
6.3 0.3 - ..'. -. Indicator TIP" 

250 
100 

Cul-off 
Cut-oli 

Grid Was 
Grid Was 

= -22 v. 
= -8 v. 

0.24 
0.19 

Target Current 
Target Current 

4 ma 
1 ma. -. 6U5/605 

6H5 Electron-Ray Tube S. 65 6.3 0.3 =... - Indicator Tube Same characteristics as Type 605-Circular Pattern 6H5 
615 Electron-Ray Tube S. 65 6.3 0.3 - - - Indicator Tube 250 Cut-off Grid bias = - 12 v. 0.24 Target Current 4 ma. 6T5 
36 Tetrode R.F. Amplifier S. SE 6.3 0.3 3.8 9 .00f R.F. Amplifier 250 - 3.0 90 1.7 3.2 550000 1080 595 - - 36 
37 Triode Detector Amplifier S. SA 6.3 0.3 3.5 2.9- 2 Class-A Amp. 250 -18.0 - - 7.5 8400 1100 9.2 - -.-= 37 
38 Pentode Power Amplifier S. 5F 6.3 0.3 3.5 7.5 0.3 Class-A Amp. 250 -25.0 250 3.8 22.0 

5.8 

100000 1200 120 10000 2.5 38 
39/44 Remote Cut-off Pentode S. SF 6.3 0.3 3.8 10 .007 R.F. Amplifier 250 - 3.0 90 I -14 -1 1000000 1050 1030 -•-= -.. 39/44 
41 Pentode Power Amplifier S. 68 6.3 0.4 -= ....= - Class-A Amp. 250 -18.0 250 5.5 32.0 68000 2200 150 7600 1.4 41 
42 Pentode Power Amplifier M. 68 6.3 0.7 .--...= - ..... Class-A Amp. 250 -16.5 250 6.5 34.0 100000 2200 220 7000 3.0 42 

52 Dual Grid Triode M. SC 6.3 0.3 •=.-.- 
Class-A Amp., 110 0 •-.--. ...=-• 43.0 1750 3000 5.2 2000 1.5 

52 
Class-8, 2 tubes, 180 0 - 3.0" 10000 3.0 

56AS Triode Amplifier S. SA 6.3 0.4 -.=. - -. Class-A Amp. Characteristics same as 56 56AS 
57AS Sharp Cut-off Pentode S. 6F 6.3 0.4 - ---= R.F. Amplifier Characteristics same as 57 S7AS 
58AS Remote Cut-off Pentode S. 6F 6.3 0.4 -.- - -=.-= R.F. Amplifier Characteristics same as 58 58AS 
75 Duplex-Diode Triode S. 60 6.3 0.3 1.7 3.8 1.7 Triode Amplifier 250 - 1.35 ....... - 0.4 91000 1100 100 ---•-• - 75 
76 Triode Detector Amplifier S. SA 6.3 0.3 3.3 2.5 2.8 Class-A Amp. 250 -13.5 - --=-. 5.0 9300 1450 13.8 -.-. - 76 
77 Sharp Cut-off Pentode S. 6F 6.3 0.3 4.7 11 .007 R.F. Amplifier 230 - 3.0 100 0.5 2.3 1500000 1250 1500 77 
78 Variable-m Pentode S. 6F 6.3 0.3 4.5 11 .007 R.F. Amplifier 250 - 3.0 100 1.7 7.0 1450 1160 - -.-.• 78 
79 Twin Triode Amplifier S. 6H 6.3 0.6 -= .- - Class-8 Amp. 250 0 10.69, Power output is for one tube 14000 8.0 79 
85 Duplex-Diode Triode S. 6G 6.3 0.3 1.5 4.3 1.5 Class-A Amp. 250 -20.0 -. - 8.0 7500 1100 8.3 20000 0.35 85 
85AS Duplex-Diode Triode S. 6G 6.3 0.3 -=.• Class-A Amp. -250 - 9.0 -..= 5.5 1250 20 - •=. 8SAS 

89 Power Amplifier Pentode S. 6F 6.3 0.4 Triode Amp., 250 -31.0 =••••• -. 32.0 2600 1800 4.7 5500 0.9 
89 

Pentode Amp., 250 -25.0 250 5.5 32.0 70000 1800 125 6750 3.4 
1221 Pentode R.F. Amplifier S. 6F 6.3 0.3 -• •-•-= - Class-A Amp. Special non-microphonic. Characteristics same as 6C6 1221 
1603 8 Sharp Cut-off Pentode M. 6F 6.3 0.3 -. .--•-•• - Class-A Amp. Characteristics same as 6C6 1603 
7700 , Sharp Cut.off Pentode S. 6F 6.3 0.3 .....= -.-• -.-= Class-A Amp. Characteristics same as 6C6 7700 

*Cathode bias resistor-ohms. 
# Discontinued. 

Curren to input plate PI). 
- Grids Nos. 2 and 3 connected to plate. 
Low noise, nonmicrophonic tubes. 

Os tied to plate. 
s GI tied to G. 
Ose. grid leak ohms. 

, Screen dropping resistor ohms. 
Grid No. 2, screen; grid Na. 3, suppresser. 
9 Values for single tube. 

44 Values for two tubes in push-pull. 
il Plate-to-plate value. 
92 No signal value. 



TABLE V- 2.5-VOLT RECEIVING TUBES 

Type Name Base 
Socket 
Connie- 
lions 

Fil. er Heater Capacitance pmfd. 

Use Mee 
Supply 

Grid 
Bias 

Sc n 
Volts 

Screen 

hui. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

T  
ductance 
Micromhos 

A ... 
Zdif, 
' - 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 

Volts Amp. In Out 
Plate- Current 

Grid 

25/4S Ducediode M. SD 2.5 1.35 •-= - Detector At 50 d.c. Volts per plate, cathode ma. = 80 25/45 
2A3 2A3 Triode Power Amplifier M. 40 2.5 2.5 7.5 5.5 16.5 Class-A Amp. Characteristics same as Type 6A3, Table IV 

2AS Pentode Power Amplifier M. 68 2.5 1.75 ... --- Class-A Amp. Characteristics same as Type 42, Table IV 2A5 

2A6 Duplex-Diode Triode S. 6G 2.5 0.8 1.7 3.8 1.7 Class-A Amp. Characteristics same as Type 75, Table IV 2A6 

2A7 Pentagrid Converter S. 7C 2.5 0.8 ..- Converter Characteristics same as Type 6A7, Table IV 2A7 

286 Direct-Coupled Amplifier M. 7J 2.5 2.25 - - Amplifier 250 I-24.0 I....-. 1 --- 1 40.0 1 5150 1 3500 Km sow 4.0 286 

287 Duplex-Diode Pentode S. 70 2.5 0.8 3.5 9.5 .007 Pentode Amp. Characteristics same as Type 687-Table IV 287 

2E3 Electron-Ray Tube S. 65 2.5 0.8 ... ==-• - Indicator Tube Characteristics same as Type 655-Table IV 2E5 

205 Electron-Ray Tube S. 65 2.5 0.8 - ..... Indicator Tube Characteristics same 
7600000 4.0 

as 6U5/605-Table IV 
' 

205 

24-A Tetrode R F Amplifier M. SE 2.5 1.75 5.3 10.5 .007 
Screen-Grid R.F. 

Amplifier 
250 - 3.0 90 1.7 1050 630 - 

24-A 

lias Detector 250 - 5.0 20/45 Plate current adjusted to 0.1 ma. with no signal 

27 Triode Detector-AmplIfler M. SA 2.5 1.75 3.1 2.3 3.3 
Class-A Amp. 250 -21.0 - =.• 5.2 1 9250 1 975 1 9.0 27 
Was Detector 250 -30.0 - Plate cuiront adjusted to 0.2 ma. with no signal 

35/51 Remote Cut-off Pentode M. SE 2.5 1.75 5.3 10.5 .007 
Screen-Grid R F 
mender • • 250 - 3.0 90 2.5 6.5 400000 1050 420 .. -= 35/51 

45 Triode Power Amplifier M. 40 2.5 1.5 4 3 7 Class-A Amp. 275 -56.0 36.0 1700 2050 3.5 4600 2.00 45 

46 Dual-Grid Power Amp. M. SC 2.5 1.75 
Class-A Amp., 250 -33.0 -. -.-- 22.0 2380 2350 5.6 6400 1.25 46 - 
Class-I Amp., 400 0 - -.-• 12 Power output for 2 tubes 5800 20.0 

47 Pentode Power Amplifier M. SI 2.5 1.75 8.6 13 1.2 Class-A Amp. 230 -16.5 250 6.0 31.0 60000 2500 150 7000 2.7 47 

53 Twin Triode Amplifier M. 78 2.5 2.0 -=. -.-= -= Class-8 Amp. Characteristics same as Type 6A6, Table IV 53 

55 Duplex-Diode Triode S. 6G 2.5 1.0 1.5 4.3 1.5 aass-A Amp. Characteristics same as Type 85, Table IV 55 

56 Triode Amplifier, Detector S. SA 2.5 1.0 3.2 2.4 3.2 Class-A Amp. Characteristics same as Type 76, Table IV 56 

57 Sharp Cut-off Pentode S. 6F 2.5 1.0 ••• - R.F. Amplifier 250 - 3.0 100 0.5 2.0 1500000 1225 1500 57 

58 Remote Cut-off Pentode S. 6F 2.5 1.0 4.7 6.3 .007 Screen-Grid R F Amon., " 250 - 3.0 100 2.0 8.2 800000 1600 1280 ....- ...- 58 

59 Pentode Power Amplifier M. 7A 2.5 2.0 
Class-A Triode , 250 -28.0 - --= 2300 2600 6.0 3000 1.2S 

59 
Class-A Pentode , 250 -18.0 250 9.0 35.0 40000 2500 100 6000 3.0 

RK15 Triode Power Amplifier M. 4D , 2.5 1.75 .=... Characteristics same as Type 46 with Class IS c dons RK1S 

51(16 Triode Power Amplifier M. SA 2.5 2.0 - Character sties same os Type 59 with C ass-A triode connections RK16 

51(17 Pentode Power Amplifier M. SF 2.5 2.0 - Characteristics same as Type 2A5 51(17 

,Grid connection to cap; no connec ion to No.3 pin. 2 Grid No. 2 fled to plate. , Grids Nos. 1 and 2 tied together. Grids Nos. 2 and 3 connected to plate. 

TABLE VI- 2.0-VOLT BATTERY RECEIVING TUBES 

3 Grid No. 2, screen; grid No. 3, suppressor. 

TYP, Name Base 
Socket 
COMMIS. 
dens 

Filament Capacitance wild. 

USO 
Plate 
Supply 
Volts 

Odd 
aids Screen 

„_,.. 
' "" 

Screen 
Current 
Ma. 

Plate 
Current 
Mo. 

Plate 
Resistance 
Ohms 

Tr  
ductance 
MIcromhos 

Amp 
•Fd .._._  

'''' 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 

Volts Amp. In Out 
MOW. 
odd 

1A4P Variable.» Pentode S. 4M 2.0 0.06 5 11 .007 R.F. Amplifier 113C - 3. 67.5 0.8 2.3 1000000 750 750 - 1 A4P 

1A4T Variable.» Tetrode S. 4K 2.0 0.06 5 11 .007 R.F. Amplifier 180 - 3.0 67.5 0.7 2.3 960000 750 720 - 1A4T 

1A6 Pentagrid Converter S. 6L 2.0 0.06 -•-• - -. Converter 180 - 3. 67.5 2.4 1.3 500000 Anode grid (No. 2 180 max. volts lA6 

184/951 Pentode R.F. Amplifier S. 4M 2.0 0.06 $ 11 .007 R.F. Amplifier 
180 
90 

- 3.0 
- 3.0 

67.5 
67.5 

0.6 
0.7 

1.7 
1.6 

1500000 
1000000 

650 
600 

1000 du -- 184/951 

185/25S Duplex-Diode Triode S. 6M 2.0 0.06 1.6 1.9 3.6 Triode Class-A 135 - 3.0 ...- 0.8 35000 575 20 -- --- 185/2SS 

106 Penlagrid Converter S. 6L 2.0 0.12 10 10 - Converter 180 - 3.0 67.5 2.0 1.3 750000 Anode grid (No. 2) 135 max. volts 106 

1F4 Pentode Power Amplifier M. SK 2.0 0.12 ..=. .. - Class-A Amp. 135 - 4.5 135 2.6 8.0 200000 1700 340 16000 0.34 
1 
1F4  

1F6 Duplex-Mode Pentode S. 6W 2.0 0.06 4 9 .007 
R.F. Amplifier 180 - 1.5 67.5 0.6 2.0 1000000 650 650 

116 
A.F. Amplifier 135 - 1.0 135 Plate, 0.25 enegohnt; screen, 1.0 megohm Amp. =45 



TABLE VI- 2.0-VOLT BATTERY RECEIVING TUBES-Continued 
›-

Type Namo Base 
Socket 
Connec- 
lions 

Filament Capacitance odd. 

Use 
Plate 
Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 

Micromhos 

Amp. 
Pacto, '.", 

Load 

 Ohms Ohms 

Power 
Output 
Watts 

Type 
Volts Amp. In Out Plate- 

Gad 

15# Sharp Cut-off Pentode S. 5F 2.0 0.22 2.3 7.8 0.01 R.F. Amplifier 135 - 1.5 67.5 0.3 1.85 800000 730 600 -• 15 
19 Twin-Triode Amplifier S. 6C 2.0 0.26 - •-•- -• Class-II Amp. 135 0 --. -,- Load 10000 2.1 19 
30 Triode Detector Amplifier S. 40 2.0 0.06 •-••• -..» Class-A Amp. 180 -13.5 - 3.1 10300 900 9.3.•-• - 30 
31 Triode Power Amplifier S. 40 2.0 0.13 3.5 2.7 5.7 Class-A Amp. 180 -30.0 •-•-• -• 12.3 3600 1050 3.8 5700 0.375 31 
32 Sharp Cut-off Pentode M. 4K 2.0 0.06 5.3 10.5 .015 R.F. Amplifier 180 - 3.0 67.5 0.4 1.7 1200000 650 780 -•-• - 32 
33 Pentode Power Amplifier M. SIC 2.0 0.26 8 12 1 Class-A Amp. 180 -18.0 180 5.0 22.0 -55000 1700 90 6000 1.4 33 
34 Variable-g Pentode M. 4M 2.0 0.06 6 11 .015 R.F. Amplifier 180 - 3.0 67.5 1.0 2.8 1000000 620 620 - - 34 

49 Dual-Grid Power Amp. M. SC 2.0 0.12 -.. 
Class-A Amp.' 135 -20.0 ...- -• 6.0 4175 1125 4.7 11000 0.17 

49 Class-8 Amp., 180 0 .-•••• .-- Power outpu for 2 tubes 12000 3.5 
840 Pentode S. 5.1 2.0 0.13 - -.-- ..-• Class-A Amp. 180 - 3.0 67.5 0.7 1.0 1000000 400 400 ..... 840 
950 Pentode Power Amplifier M. 5K 2.0 0.12 -• Class-A Amp. 135 -16.5 135 2.0 7.0 100000 1000 125 13500 0.575 950 
RK24 Triode M. 40 2.0 0.12 -- - Class-A Amp. 180 -13.5 •-• ... 8.0 5000 1600 8.0 12000 -0.25 RK24 
1229 Tetrode M. 4K 2.0 0.06 - Special Type 32 for low grid-current applications 1229 
1230 Triode M. 46 2.0 0.06 3.0 2.1 6.0 Special Type 30 for low grid-current applications 1230 

# Discontinued. Grid No. 2 tied to plate. Grids Nos. 1 and 2 tied together. 

TABLE VII-2.0-VOLT BATTERY TUBES WITH OCTAL BASES 

Type Name 
Socket 
Conn«. 
lions 

Filament Capacitance ppfd. 

Use 
Plate 
Supply 
Volts 

Grid Screen 
you: 

Screen 
Current 
hi 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

. 
......:. 
'"'"'" 

Load 
ResIstance 
Ohms 

Power 
Output 
Watts 

Type 
Volts Amp. In Out 

Plate-
Grid 

1C7G Heptode 7Z 2.0 0.06 10 14 0.26 Converter Characteristics same as Type 106-Table Vi IC7G 
1DSGP Variable-g Pentode SY 2.0 0.06 5 11 .007 R.F. Amplifier Characteristics same as Type 1A4P-Table Vi 1D5GP 
1D5GT # Variable-g Tetrad. SR 2.0 0.06 ......• - - R.F. Amplifier 180 I- 3.01 67.5 1 0.7 1 2.2 1 600000 1 650 j j 105GT 
107G Pentagrid Converter 72 2.0 0.06 10.5 9.0 0.25 Converter Characteristics some as Type 1A6-Table VI 1D741 
IESGP Pentode Amplifier SY 2.0 0.06 S 11 .007 R.F. Amplifier Characteristics same as Type 184-Table VI IESGP 
1E70 Double Pentode Power Amp. 8C 2.0 0.24 -.-. -.-. - Class-A Amplifier 135 1- 7.51 135 1- 2.0 , [ 6.5 , 1 220000 1 1600 j 350 J 24000 1 0.65 1E70 
1F5G Pentode Power Amplifier 6X 2.0 0.12 - - Class-A Amplifier Characteristics same as Type 1F4-Table VI IFSG 
1F7G 2 Duplex-Diode Pentode 7AD 2.0 0.06 3.8 9.5 0.01 Detector-Amplifier Characteristics some as Type 1F6-Table VI 1F7G 
1050 Pentode Power Amplifier 6X 2.0 0.12 .-.. --.• ..- Class-A Amplifier 135 -13.5 135 2.5 8.7 160000 1550 250 9000 j 0.55 1G5G 
1H4G Triode Amplifier 5S 2.0 0.06 ..,-. - .-- Detector-Amplifier Characteristics sameas Type 30-Table VI IH4G 
1146G Duplex-Diode Triode 7AA 2.0 0.06 1.6 1.9 3.6 Detector-Amplifier Characteristics some as Type 185-Table Vi IH6G 
1J5G # Pentode Power Amplifier 6X 2.0 0.12 - Class-A Amplifier 135 -16.5 j 135 -I 2.0 1 7.0 1 1 950 1 100 1 13500 1 0.45 1J5G 
1J6GT Twin Triode 7A8 2.0 0.24 .-.. - Class-8 Amplifier Characteristics same as Type 19-Table Vi IJ6G -- 

4A6G Twin Triode 8L 2.0 

4.0 

0.12 

0.06 
-.- 

Class-A, 1 section 90 - 1.5 - - 1.1 26600 750 20 
4A6G Class-B, 2 sections 90 - 1.5 - .,,-. 10.8 ' 

i 

8000 l 1.0 

is Discontinued. Total cu rent for both sections; no signal. Type GV has 7AF base. 

TABLE VIII- 1.5-VOLT FILAMENT BATTERY TUBES 

See also Table X for Special 1.4-volt Tubes 

Type Name 
Socket 

Base Connec-
tions 

Filament Capacitance µmid. 

Volts 

IA5GT 

IA7GT 

Pentode Power Amplifier 

Pentogrid Converter 

O. 6X 

O. 7Z 

1.4 

1.4 

Amp. 

0.05 

OAS 

In Out Plate-
Grid 

Use 
Plate 
Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

, Max. signal. 

Screen 
Current 
Ma. 

Ose Grid leak 
20000011 

Class-A, Amp. 

Converter 

90 -4.5 

90 o 

90 

45 

0.8 

0.7 

Plate 
Current 
Ma. 

4.0 

0.6 

Plate 
Resistance 
Ohms 

300000 

600000 

Transcon-
ductance 
Micromhos 

Amp. 
Factor 

Load 
Resistance 
Ohms 

Power 
Output 
M-watts 

TYP• 

850 

250 

240 25000 

Anode-grid 
volts 90 

115 1ASGT 

1A7GT 



TABLE VIII - 1.5-VOLT FILAMENT BATTERY TUBES- Continued 

Type Nome Base 
Socket 
Connec. 
lions 

Filament Capacitance ppfd. 
- 

U., Pk" 
Supply.4.« 
Volts 

Grid 

""" " 
Screen 
s,......' 

Screen Current 
Ma. 

Plate Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon-
ductence 

Micromhos 

Amp.  
Load I 

Resistance 
Ohms 

Power 
Output 
M-Watts 

Type 
Volts Amp. In Out Plate- 

Grid 

IA15 Pentode R.F. Amplifier L. 58F 1.2 0.05 2.8 4.2 0.25 RA Amplifier 
90 0 90 0.8 3.5 275000 1100...- - 1A85 
150 -1.5 150 2.0 6.8 125000 1350 

187GT # Heptode O. 7Z 1.4 0.1 -.-. •••••••• - Converter 90 0 45 1.3 1.5 350000 Grid No. 1 resistor 200,000 ohms 1B7GT 

11111GT Diode Triode Pentode O. SAW 1.4 0.1 -.•-• 
Triode Amplifier 
Pentode Amp. 

90 
90 

0 
-6.0 90 

--• 
1.4 

0.15 
6.3 

240000 
- 

275 
1150 

....- 

.- 
---• 
14000 

-•-• 
210 

1B8GT 

ICSGT Pentode Power Amplifier O. 6X -1.4 0.1 Class-Ai Amp. 90 -7.5 90 1.6 7.5 115000 1550 165 8000 240 1C5GT 

1D8GT Diode Triode Pentode O. 8AJ 1.4 0.1 - Triode Amp. 
Pentode Amp. 

90 
90 

0 
-9.0 

.. 
90 

- 
1.0 

1.1 
5.0 

43500 
200000 

575 
925 

25 
--' -.-• -. -.-• 

mew 
_ 

1E4G Triode Amplifier O. SS 1.4 0.05 2.4 6 2.40 Class-A Amp. 
90 
90 

0 
_3.0 •-•• 

4.5 
1.3 

11030 
17000 

1325 
825 

14.5 
14 -. 

- 

-• I E4G  

1G4GT 1G4GT Triode Amplifier O. 55 1.4 0.05 2.2 3.4 2.80 Class-A Amp. 90 -6.0 -• .-••• 2.3 10700 825 8.8 -..--. --- 

1G6GT Twin Triode O. 7AB 1.4 0.1 -.- 
Class-A Amp. 90 0 -. -... 1.0 45000 675 30 -.- ---

1G6GT 
Class-11 Amp. 90 0 - .-.. 1/7 34 volts input per grid 12000 675 

IH5GT Diode High-p Triode O. SZ 1.4 -0.05 1.1 6 1.00 Class-A Amp. 90 0 -. ..• 0.14 240000 275 I 65 -.-- IHSGT 

ILA4 Pentode Power Amplifler L. SAD 1.4 0.05 -•••• - Class-A Amp. 90 Characteristics same as 1A5GT ILA4 

1LA6 Pentagrid Converter L. 7AK 1.4 0.05 Osc Grid leak 
200000e Converter 90 0 43 0.6 0.55 750000 ' 250 Anode Grid Volts 90 ILA6 

1L84 Pentode Power Amplifier L. SAD 1.4 0.05 - - -. Class-A Amp. 90 -9 90 1.0 5.0 200000 925 ••••• I 12000 I 200 11.84 

1L86 Heptode Converter L. SAX 1.4 0.05 - - - Converter 90 0 67.5 2.2 0.4 Grid No. 4-67.5 v., No. 5-0 v. ILB6 

1LCS Remote Cut-off Pentode L. 7A0 -1.4 0.03 3.2 7 I .007 R.F. Amplifier 90 0 45 0.2 1.15 1500000 775 I- I- --. ILCS 

1LC6 Pentagrid Converter L 7AK 1.4 0.05 Om Grid leak 
200000D Converter 90 0 35 , 0.7 0.75 650000 275 Anode Grid Volts 45 ILC6 

111)5 Diode Pentode L 6AX 1.4 0.05 3.2 6 0.18 Class-A Amp. 90 0 45 0.1 0.6 950000 600 -. -- ..-. ILDS 

11.83 Triode Amplifier L 4AA 1.4 0.05 1.7 3 1.70 Class-A Amp. 
90 

090 _3 
-.«.. 

4.3 
1.3 

11200 
19000 

1300 
760 

14.5 •-• .. 11.13 

1LF3 Triode L 4AA 1.4 0.05 1.7 3 1.7 Class-A Amp. 90 -3 - ... 1.4 - 760 14.5 -.- - 11F3 

11.05 Pentode R.F. Amp. L. 7/10 1.4 0.05 -... -..- Class-A Amp. 90 0 45 0.4 1.7 1000000 800 ..... 11.65 

1L144 Diode High-p Triode L SAG 1.4 0.05 1.1 6 1.00 Class-A Amp. 90 0 •-•• ... 0.15 240000 275 65 ... -• 1LH4 

1 LNS Remote Cut-off Pentode L 7A0 1.4 0.05 3.4 8 .007 Class-A Amp. 90 0 90 0.3 1.2 1500000 750 --•-. -• 1LN5 

'MGT Remote Cut-off Pentode O. SY 1.4 0.05 3 10 .007 Class-A Amp. 90 0 90 0.3 1.2 1300000 750 1160 -- -• INSGT 

1N60 # Diode-Power-Pentode O. 7AM 1.4 0.05 Class-A Amp. 90 -4.5 90 0.6 3.1 300000 800 ••••-• 25000 100 1N6G 

IP5GT Pentode 0. SY 1.4 0.05 3 10 .007 R.F. Amplifier 90 0 90 0.7 2.3 800000 800 640 1PSGT 

105GT Telrode Power Amplifier O. 6AF 1.4 0.1 -..-. -• - Class-A Amp. 
85 
90 

-5.0 
-4.5 

85 
90 

1.2 
1.6 

7.2 
9.5 

70000 
75000 

1950 
2100 «. 

9000 
8000 

250 
270 1QSGT 

IR4/1294 U.h.f. Diode L. 4AH 1.4 0.15 -- - - Rectifier Max r.m.s. voltage per plate-30 Max. d.c. output current-340 pa. 1R4/1294 

ISA6GT Medium Cut-off Pentode 0. 6CA 1.4 0.05 5.2 8.6 0.01 R.F. Amplifier 90 0 67.5 0.68 2.45 800000 970 -.- -. - 15A6GT 

15116GT Diode Pentode 0. 6C8 1.4 0.05 3.2 3 0.23 
Class-A Amp. 90 0 67.5 0.38 1.45 700000 665 -.- •.. 

15116GT 
R.C. Amplifier 90 0 90 Screen resistor 5 meg., grid 10 meg. 1 meg. 110 , 

ITSGT Beam Power Amplifier 0. 6AF 1.4 0.05 4.8 8 0.30 Class-A Amp. 90 -6.0 90 1.4 6.5 -.-. 1150 ••••• 14000 170 ITSGT 

387/1291 U.h.f. Twin Triode L. 78E 2.8 ' 0.11 1.4 2.6 2.6 Class-A Amp. 90 0 .... -.. 5.2 11350 1850 21 387/1291 

1293 U.h.f. Triode L 4AA 1.4 0.11 1.7 3.0 1.7 Class-A Amp. 90 0 - -• 4.7 10750 1300 14 -... - 1293 

3D6/I299 U.h.f. Tetrode L 6BR 2.8 , 0.11 7.5 6.5 0.30 Class-A Amp. 135 -6 90 0.7 5.7 -•-• 2200 -.- 13000 500 3D6/1299 

316 R.F. Pentode L. 7C.I 
1. 
2.8 
4 100 . 

0.05 
5.5 7.5 0.007 Class-A Amp. 90 0 90 1.3 3.8 300000 2100 -• •- - 3E6 

RK42 Triode Amplifier S. 4D 1.5 0.6 -. Class-A Amp. Characteristics same as Type 30-Table Vi RK42 

RK43 Twin Trilde Amplifier S. 6C 1.5 0.12 •••• ... - Class-A Amp. 135 -3 .--- f - 4.5 14500 900 13 -•-• RK43 

# Discontinued. ,Through series resistor. Sc eon vol age must be at least 10 volts lower than oscillator anode. 2 Voltage gain. Center-tap filament permits 1.4-volt operation. 



TABLE 1X- HIGH-VOLTAGE HEATER TUBES 

TYPo 
• 
Name Bose 

Socket 
Connec- 
Hans 

Hooter Capacitance µdd. 

Use 
Plate 
Supply 
Volts 

Grid 
aim Screen 

von. 
Screen 
Current 
Ma. 

Plaits 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductonce 
Micromhos 

A  ..... 

F7dor'" 
Load 

Resistance 
Ohms 

Power 
Output 
Watts 

Typo 
Volts Amp. In Out P lot..rid" 

12A5 , Pentode Power Amplifier M. 7F 12.6 
6.3 

0.3 
0.6 

¡kg 9.0 0.3 Class-A 1 Amp.' 100 
180 

-15 
-25 

100 
180 

3/6.5 
8/14 

17/19 
45/48 

50000 
35000 

1700 
2400 

--.. 
-•-• 

4500 
3300 

0.8 
3.4 

12AS 

12A6 Beam Power AMPlifiat CO. 7AC 12.6 0.15 =I - Class-A Amp. 250 -12.5 Mal 3.5 30 70000 3000 111=IMIZal 3.4 12A6 
12A7 Rectifier-Amplifier M. 7K MEME111=1=11 -.• Class-A Amp. 135 KEIEZIII 9.0 102000 IIIIIMMEZIME=. o.ss 12A7 
12A8GT 

12A117GT 

Heptede 0. 8A 12.6 0.15 9.5 12 0.26 Converter Characteristics same as 6A8-Table I 12A8GT 
Twin Triode O. 811E 12.6 0.15 Each Triode Sect. Class-A Amp. 180 - 6.5 111=111.=.1.123.11M=1.113=1.1111031111=111 12111117031. 

1286M Diode Triode 0. 6Y 12.6 0.15 - =I - Class-A Amp. 250 CEO I=. - MM. 91000 1100 1111:1:111111=1 ... 1286M 
1287ML Pentode Amplifier 0. sV 12.6 0.15 - - - Class-A Amp. 250 1:12:1111=1.ZEMIIIIZa s00000 2000 =NI= .--. 1287ML 
1288GT , 

12C8 

yriede-peeredg O. 8T 12.6 0.3 Triode Section 
Pentode Section 

Class-A Amp. 
Class-A Amp. 

100 
100 

- 1 •-••••• 
- 3 100 

••••- 
2 

0.6 
a 

73000 
170000 

1500 
2100 

110 
360 

..•-• 
- 

•- 121111GT 

Duplex-Diode Pentode O. 8E 12.6 0.15 6 En .005 Class-A Amp. Characteristics same as 688-Table I 12C8 
12E5GT Triode Amplifier O. 60 12.6 0.15 3.4 5.5 2.60 Class-A Amp. 250 -13.5 111=3111=11 50 11=1..11=111 13.8 MI=. .». 121150T 
12FSGT Triode Amplifier O. SM 12.6 0.15 1.9 3.4 2.40 Class-A Amp. Characteristics some as 6SFS-Table I 12F5OT 
12G7G 

12H6 
Duplex-Diode Triode 0. 7V 12.6 0.15 - -, Class-A Amp. 250 - 3.0 - .- •=11 58000 IIIIIEDUZII .- .-. 1207G 
Twin Diode 0. 70 12.6 0.15 -- -.•«- Rectifier Characteristics same as 6H6-Table I 12H6 

12J5GT Triode Amplifier O. 60 12.6 0.15 3.4 3.6 3.40 Class-A Amp. Characteristics some as 6J5-Table I 12J5GT 
12J7GT Sharp Cut-off Pentode e:t 7R 12.6 0.15 4.2 5.0 3.8 Class-A Amp. Characteristics same as 6J7-Table I 12J7GT 
12K7GT Remote Cut-off Pentode O. 71 12.6 0.15 4.6 12 005 R.F. Amplifier Characteristics same as 6X7-Table I 12K7GT 
12K8 Triode Hexed. Converter 0. 8K 12.6 0.15 -• -•- - Converter Characteristics same as 6K11-Table I 12kS 
T2L8GT 

i207GT 

Twin Pentode O. 1111U 12.6 0.15 5 6 0.70 Class-At Amp. 100 - 9.0 180 2.8 13.0 160000 j 2150 •-• I 10000 12L80T 
Deple x -Diode Triode 0. 7V 12.6 0.15 2.2 5 1.60 Class-A Amp. Characteristics same as 607-Table I 1207GT 

1258-GT Triple-Diode Triode O. 8C8 12.6 0.15 2.0 1.2 Class-A Amp. 250 1- 2.0 1 •-•.- - I 0.9 I 91000 r 1100 j 100 J - I .--- 1253GT 
i 25/17 Heeled° O. 811 12.6 0.15 9.5 12 0.13 Converter Characteristics same as 65A7-Table I 125A7 
125C7 Twin Triode O. 85 12.6 0.15 2.2 3.0 2.0 Class-A Amp. Characteristics same as 65C7-Table I 125C7 
1250-5 High-a Triode 0. 6A8 12.6 0.15 4 3.6 2.40 Class-A Amp. Characteristics same as 6SFS-Table I 12SFS 
l2SF7 Diode-Vciriable-a Pentode O. 7AZ 12.6 0.15 5.5 .004 Class-A Amp. Characteristics same as 65F7-Table I 125F7 
125G7 

-125H7 

Medium Cut-off Pentode O. 88K 12.6 0.15 8.5 • .003 Class-A Amp. Characteristics same as 6507-Table 12507 
Sharp Cut-off Pentode O. 88K 12.6 0.15 8.5 7.0 .003 H-F Amplifier Characteristics same as 65117-Table I 125117 

12SJ7 Sharp Cut-off Pentode O. 8N 12.6 0.15 .- •••• Class-A Amp. Characteristics same as 65.17-Table I 125.17 
125K7 Remote Cut-off Pentode O. 8N 12.6 0.15 6.0 • .003 R.F. Amplifier Characteristics same as 651(7-Table I 125K7 
125L7GT 

125117GT 
Twin Triode O. 88D 12.6 0.15 --•• Class-A Amp. Characteristics some as 65L7GT-Table II 1251.70T 
Twin Triode O. BBD 12.6 0.3 ...- -- --.. 

1.60 

2.40 

Class-A Amp. Characteristics same as 6514702-Table II 125N7GT 
125Q7 Duplex-Diode Triode 0. 80 12.6 0.15 3.2 3.0 Class-A Amp. Characteristics same as 6507-Table I 1251:17 
12517 Duplex-Diode Triode 0. 80 12.6 0.15 3.6 2.8 Class-A Amp. Characteristics same as 617-Table I 12517 
125W7 Duplex-Diode Triode O. 80 12.6 0.15 3.0 2.8 2.4 Class-At Amp. 250 - 9 -•• 9.5 8500 1900 16 - -... 125W7 
1251(7 Twin Triode O. 8BD 12.6 0.3 3.0 0.8 3.6 Class-At Amp., 250 - 8 .•-• -. 9 7700 2600 20 .-.. - 12SX7 

125Y7 Heptode Converter O. 8R 12.6 0.15 Ose -Grid leak 
20000 ohms Converter 230 - 2 100 8.5 3.5 1000000 450 .... - 12SY7 

14A4 Triode Amplifier L. SAC 14 0.16 3.4 3.0 4.00 Class-A Amp. Characteristics same as 7A4-Table Ill 14A4 
14AS Beam Power Amplifier L. 6AA 14 0.16 --• Class-At Amp. 250 -12.5 250 3.5/5.5 30/32 70000 3000 7500 2.8 14A5 

1287 

I4AF7 

1.86-  

Remote Cut-off Pentode L. 8V 14 0.16 6.0 • .005 Class-A Amp. 250 - 3.0 100 2.6 9.2 800000 2000 -• -•-• 
14A7/ 
12117 

Twin Triode L 8AC 14 0.16 2.2 2.30 Class-A Amp. 250 -10 -• 9 7600 2100 16 -• -.- 14AF7 
Duplex-Diode Triode 

Pentogr.d Converter 
L 8W 14 0.16 ..... - Class-A Amp. Characteristics same as 786-Table Ill 1486 

14148 L. 8X 14 0.16 14=4 Mo. Converler Characteristics same as 788-Table Ill 1488 
14C5 Beam Power Amplifier L 6AA 14 0.24 ,- =I - Class-A Amp. Characteristics some as 6V6-Table I 14C5 
14C7 R.F. Pentode L 8V 14 0.16 6.0 6.5 .007 Class-A Amp. 250 - 3.0 100 ilrialIMEll 1000000 1573 1=1.1=. -.- 14C7 
14E6 Duplex-Diode Triode L. 8W 14 0.16 - - .-.-• Class-A Amp. Characteristics some as 786-Table Ill 14E6 
14E7 Duplex-Diode Pentode L CAE 14 0.16 4.6 EIZI .005 Class-A Amp. Characteristics same as 7E7-Table III 14E7 



TABLE IX- HIGH-VOLTAGE HEATER TUBES-Continued 

TVS» Name Base 
Socket 
Conn«. 
dons 

Heater Capacitance Md. 

Use 
Plate 
Supply I 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon. 
duclance 
Micromhos 

A  
em.",..". 
rac''' 

Load 
Resistance 
Ohms 

Power 
Output 
Wafts 

Type 
Volts Amp. In Out Plate- 

Grid 

14F7 Twin Triode L. SAC 14 0.16 ..=.= ..=.= Class-A Amp. Char«'edifies same os 7F7-Table Ill 14F7 
1ell Twin Triode L. 811W 12.6 0.15 L8 1.4 1.2 Class-At Amp. Choracteris ics same os 7F8 14F8 

I4H7 Semi-Voriable-µ Pentode L. IIV 14 0.16 8.0 7.0 .007 Class-A Amp. 250 I - 2.5 I 150 I 3.5 I 9.5 I 800000 I 3800 I •-• I -. I 14H7 
114J7 Triode-Hexode Converter L. BBL 14 0.16 1p =S Ma. converter Characteristics same as 7J7-Table Ill 14J7 
1017 Twin Triode L. SAC 14 - 0.32 ... -. .. Class-A Amp. Characteristics same as 7N7-Table Ill 14N7 

14127 Heptode Pentagrid 
Converter L. SAL 14 0.16 ..... ..=- Converter Characteristics same as 7Q7-Table Ill 1407 .....= 

1487 Duplex-Diode Pentode L. SAE 14 0.16 5.6 5.3 .004 Class-A Amp. Characteristics same as 717-Table III 14117 
1457 Triode Heptode L. SEL 14 0.16 1p =5 Ma. Converter 250 - 2.0 100 3 1.8 1250000 525 - - .=.• 1457 
I4V7 Hf. Pentode L. 8V 14 0.24 ...- -. ••••., Class-A Amp. 300 - 2.0 150 3.9 9.6 300000 5800 .-. -..== 14V7 
I4W7 Pentode L. 88J 14 0.24 Rit = 160 ohms Class-A Amp. 300 - 2.2 150 3.9 10 300000 5800 - ..=- 14W7 
14X7 Twin Diode Triode L. 8BZ 12.6 0.15 - - - Class-A Amp. 250 - 1 - - 1.9 -. 1500 100 -t- 14X7 
18 Pentode M. 611 14 0.30 Class-A Amp. Characteristics same as 6F6G 18 
191106G Beam Power Amp. O. SET 18.9 0.3 11 6.5 0.65 Deflection Amp. 400 P.ak surge E,=4000 V. Peak surge EG= 100 V. IG2=6 ma. Ip= 70 ma. 198G6G 
20.111GM Triode Hep1ode Converter O. 8H 20 0.15 -. - -.- Converter 250 - 3.0 100 I 3.4 1.5 Triode Plate (No. 6) 100 v. 1.5 ma. 20.180M 

21A7 Triode Hexed. Converter L. 8AR 21 0.16 ... Converter 250 
150 

- 3.0 
- 3.0 

100 2.8 
Triode 

1.3 
3.5 

- 
.=. 

275 
1900 

- 
32 

•••= 
- - 21A7 

25A6 Pentode Power Amplifier O. 75 25 0.3 8.5 )2.5 0.20 Class-A Amp. 135 -20.0 135 8 37 35000 2450 85 4000 2.0 25A6 
25A7GT 8 Rectifier Power Pentode 0. BF 25 0.3 -. -. -t- Class-A Amp. 100 -15.0 100 4 20.5 50000 1800 90 4500 0.77 25A7GT 

25ACSGT Triode Power Amplifier O. 60 25 0.3 ,.. Class-A Amp. 110 +15.0 .-.-. - 45 -. 3800 58 2000 2.0 

3.3 
2SACSGT 

165 Used in dynamic-coupled circuit with 6AFSG driver 3500 
25AVSGT Beam Pentode O. 6CK 25 0.3 .==. ,... t•- Hors. Def. Amp. 2505 -505 1755 ...- 1005 Peak pos. plate pulse =4500 volts. 25AVSGT 
2585 5 Direct-Coupled Triodes S. 6D 25 0.3 - -.. -t- Class-A Amp. 110 0 110 7 45 11400 2200 25 2000 2.0 2585 
25860 5 Pentode Power Amplifier O. 75 25 0.3 Class-A Amp. 95 -15.0 95 4 45 4000 2000 1.75 25B6G 
25118GT 5 Triode Pentode O. 8T 25 0.15 Class-A Amp. Characteristics same as 128801 2588GT 

258C16GT Beam Pentode O. 6AM 25 0.3 - .- ... Deflection Amp. 250 47* 150 2.1 45 5500 - --- 251106GT 
25C6G 5 Beam Power Amplifier O. 7AC 25 0.3 =-• Class-Al Amp. 135 -13.5 135 3.5/11.5 58/60 9300 7000 -. 2000 3.6 25C6G-

2508GT Diode Triode Pentode O. SAE 25 0.15 ...- --. 
Triode Amp. 100 - 1.0 ..= --... 0.5 91000 1100 100 .-- - 

25D8GT 
Pentode Amp. 100 - 3.0 100 2.7 8.5 200000 1900 -=-. =•-• 

25L6 BOOM Power Amplifier O. 7AC 25 0.3 16 13.5 0.30 Class-Ai Amp. 110 - 8.0 110 3.5/10.5 45/48 10000 8000 80 2000 2.2 25L6 
25N6G5 Direct-Coupled Triodes O. 7W 25 0.3 .- -- - Class-A Amp. 110 0 110 7 45 11400 2200 25 2000 2.0 25N6G 

26A7GT Twin Beam-Power Audio 
Amplifier O. 8BU 26.5 0.6 Each 

Push 
Unit 
-Pull 

Class-A Amp. 26.5 - 4.5 26.5 2/S.5 20/20.5 2500 5500 --• 1500 0.2 
0.5 

26A7GT 
Class-AB Arno. , 26.5 - 7.0 26.5 2/8.5 19/30 - -- 2500 , 

32L7GT Diode-Beam Tefrode O. 8Z 32.5 0.3 -. Class-A Amp. 110 - 7.5 110 3 40 15000 6000 - 2500 1.5 32L7GT -...= 

35A5 Beam POWS, Amplifier L. 6AA 35 0.15 ..-• .- Class-At Amp. 110 - 7.5 110 3/7 40/41 14000 5800 --. 2500 1.5 35A5 

35L6GT Beam Power Amplifier O. 7AC 35 0.15 13 9.5 0.80 Class-At Amp. 110 - 7.5 110 3/7 40/41 13800 5800 - 2500 11.5 351.60T 

43 Pentode Power Amplifier M. 68 25 0.3 8.5 12.5 0.20 Class-A Amp. 95 -13.0 95 4.0 20.0 45000 2000 90 4500 0.90 43 

48 8 Tetrads Power Amplifier M. 6A 30 0.4 -.•-• -- Class-A Amp. 96 -19.0 96 9.0 52.0 -... 3800 1500 2.0 48 

50A5 Beam Power Amplifier L. 6AA SO 0.15 .... -. - Class-At Amp. 110 - 7.5 110 4/11 49/50 10000 8200 2000 2.2 SOAS 

50C6GT Beam Power Amplifier O. 7AC 50 0.15 ..=. ..... ..-. Class-Al Amp. 135 -13.5 135 3.5/11.5 58/60 9300 7000 - 2000 3.6 50C6GT 

SOL6GT Beam Power Amplifier O. 7AC 50 0.15 ==... - Class-A Amp. 110 - 7.5 110 4/11 49/50 - 8200 82 2000 2.2 50L6GT 

70A7GT Diode-Bearn Tetrode O. SARI 70 0.15 •.= Class-A Amp. 110 - 7.5' 110 3.0 40 - 5800 80 2500 1.5 70A7GT 

70L7GT Diode-Seam Tetrad* O. 8AA 70 0.15 .-. - ..... Class-Ai Amp. 110 - 7.5 110 3/6 40/43 15000 7500 .-.. 2000 1.8 70L7GT 

117L7GT/ 
117M7GT Rectifier-Amplifier O. SAO 117 0.09 - - - Class-A Amp. 105 - 5.2 105 4/5.5 43 17000 5300 ......= 4000 0.85 117L70T/ 

117M7GT 

II7N7GT Rectifier-Amplifier O. 8AV 117 0.09 - - aass-A Amp. 100 - 6.0 100 5.0 51 16000 7000 - 3000 1.2 117N7GT 

117P7GT Rectifier-Amplifier O. 8AV 117 0.09 - -.. - Class-A Amp. 105 - 5.2 105 4/5.5 43 17000 5300 4000 0.85 11717GT 

1230 Pentode ' L. IIV 12.6 0.15 6.0 6.5 0.007 Class-At Amp. Same as I4C7 (Special Non-inicrophonic) 1250 



TABLE IX- HIGH-VOLTAGE HEATER TUBES-Continued 

Type Name ease 
Socket 
Conners- 
dons 

Heater Capacitance add. 

Use 
Plato 

. Supply 
von. 

Grid 
Bias 

Screen 
Volts 

Screen 
... uurren I 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Tr " 
defiance 
Micromhos 

Amp. 
F a 

Load 
. . seismicity* 
Ohms 

Power 
Output 
Watts 

Type 
Volts Amp. In Out Plate- Gad 

1284  U.h.f. Pentode L. IV 12.6 0.15 5.0 6.0 0.01 Class-A Amp. 250 - 3.0 100 2.5 9.0 800000 2000 -. •-•- -.. 1284 
1629 Electron-Ray Tube O. 6RA 12.6 0.15 -.-. •-• Indicator Tube Charac eristics same os 6E5-Table IV 1629 
1631 Beam Power Amplifier O. 7AC 12.6 0.45 .- Class-A Amp. Characteristics same as 6L6-Table I 1631 
1632 Seem Power Amplifier O. 7AC 12.6 0.6 .•- Class-A Amp. Characteristics saute as 25L6 1632 
1633 Twin Triode O. 880 25 0.15 •-•-• Class-A Amp. Characteristics same as MOW-Table It 1633 
1634 Twin Triode O. 85 12.6 0.15 ... -.. Class-A Amp. Characteristics same as 65C7-Table I 1634 
1644 Twin Pentode O. Fig. 7 12.6 0.15 .-. aass-A Amp. 180 - 9.0 180 2.8/4.6 13 160000 2150 10000 1.0 1644 
XXD/ 
14AF7 Twin Triode . PAC 12.6 0.15 ..- .....- Class-A Amp. 250 -10 ...-. -.. 9.0 -. 2100 16 -- .-. XXD/ 

14M? 
28D7 Double Seam Power 

Amplifier L. 885 28.0 0.4 -.. Class-A Amp. 28 
390• 

1110• 

28 2 

28 , 

0.7 , 

1.2 , 

9.02 

18.5 , -.• 

4000 , 

6000 4 

0.08 

0.175 

15124 

 .....,.., 
`«".. 

5824  Pentode O. 75 25 0.3 ...-• -... .- Class-Al Amp. 135 -22 135 2.5/14.5 61/69 15000 5000 .- 1700 - 4.3 
6082  Low-Mu Twin Triode 

- 
O. 88D 26.5  0.6  0.6 6.4 2.2 8.4 D.C. Amp., 135 250 • - - 125 280 7000 2 - - 6082 

athod. res stor-o ms. 6.3-volt pilot lamp must be onnected between Pins 6 and 7. 
Per sec ion- resistance- coupled. 
P.p. operation- values for both sections. 

4 Plate to plate. 
5 Values are for each unit. 
'Values are for single tube. 

TABLE X-SPECIAL RECEIVING TUBES 

7 Grids 2 and 3 connected to plate. 
', Discontinued 

Max. VIII». 

71.1,• 

- -- 

Name Rase Cannes- 
lions 

Fil. or Hilailif Capacitance µµfd. 

Use 
--sock, Plate 

Su pply 
vie% 

Grid 
Bias 

Screen 
Vohs 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
elusion« 
Micromhos 

.... 
pe_." 
"''" 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 
Volts Amp. In Out Ple ti:" 

8.50- Grid-Loak 00-A i Triode Detector M. 4D 5.0 0.25 3.2 2.0 Det. 45 - .-.- - 1.5 30000 666 20 - -.- 00-A 
01-A , Triode Detector Amplifier M. 4D 5.0 0.25 •-•-• -. - Class-A Amp. 135 - 9.0 ... - 3.0 10000 800 8.0 - -.- 01-A 

3A8GT Diode Triode Pentode O. 8AS 
1.4 0.1 2.6 4.2 2.0 Class-A Triode 90 0 -•-•.• - 0.13 240000 275 63 - ....- 

3A8GT 2.8 0.05 3.0 10.0 0.012 Class-A Pentode 90 0 90 0.3 1.2 600000 730 -... -... 

385GT Beam Power Amplifier O. 7AP 1: rd,5 -.- - - Class-A Amp. 67.5 - 7.0 67.5 gl• 
8.0 
6.7 1000°° 

1650 
1500 """ 50°0  

0.2 ..r,••• 
3" s' ' 

3CSGT Power Output Pentode O. 7AQ 11 illil s -. - Class-A Amp. 90 - 9.0 90 1.4 6.0 -• 
1350 
1450 

8000 
10000 

0.24 
0.26 

gc5GT 

3C6 Twin Triode L. 78W 1.4 
2.8 

0.1 
0.05 - - 

- 

Class-A Amp. 90 0 ... •••-• 4.5 11200 1300 14.5 ••-•-•.• 3C6 

3I.E4 Power Amplifier Pentode L. 6BA 2.8 0.05 ..- Class-A Amp. 90 - 9.0 90 1.8 9.0 110000 1600 -. 6000 0.30 3LE4 

3LF4 Beam Pentode L. 
.. 

es."' 
1.4 
2.8 

0.1 
0.05 - Class-A Amp.. 90 - 4I 90 

1.3 
1.0 

9.5 
8.0 

75000 
80000 

2200 
2000 

.-..- 8000 
7000 

0.27 
0.23 3LF4 - r.-..- 

3Q5GT Beam Power Amplifier O. 7AQ 1: :1 PZ11:IFFilialr eennhts Class-A Amp. 90 - 4.5 90 1.3 
1.0 

9.5 
7.5 

-,-. 2100 
1800 '' 

,,,,,, 
8•""'"' 

0.27 
0.25 

,,,,, 
"'""'"' 

4A6G Twin Triode Amplifier O. IL 4 
2 

0.06 
0.12 

 Triodes  Parallel 

Both Sec ions 

Class-A Amp. 90 - 1.5 - 2.2 13300 1500 20 - ..-• 
4A6G Class-8 Amp. 90 0 -....• 4.6 -. - 8000 1.0 

6F4 Acorn Triode A. 71111 6.3 0.225 2.0 0.6 1.90 Class-A Amp. 80 150* - ,.- 13.0 2900 5800 17 - -. 6F4 
6-1.4 

-10  
U.H.F. Triode A. 75E 6.3 0.225 1.8 0.5 1.6 Class-At Amp. 80 150* -... -. 9.5 4400 6400 28 - 6L4 
Triode Power Amplifier M. 40 7.5 1.25 4.0 3.0 7.00 Class-A Amp. 425 -39.0 - -- 18.0 5000 1600 8.0 10200 1.6 10 

11/12 , 

20 , 

Triode Detector Amplifier M. 4F/4D 1.1 0.25 -. - Class-A Amp. 135 -10.5 -. 3.0 15000 440 6.6 -.- ...... 11 /12 
Triode Power Amplifier S. 40 3.3 0.132 2.0 2.3 4.10 Class-A Amp. 135 -22.5 -... -- 6.5 6300 525 3.3 6300 0.11 20 

22 7 Tetrode R.F. Amplifier M. 4K 3.3 0.132 3.5 100.02 Class-A Amp. 135 - 1.5 67.5 1.3 3.7 325000 500 160 22 
26 

n"0 , 

Triode Amplifier M. 40 1.5 1.05 2.8 2.5 8.10 Class-A Amp. 180 -14.5 ..- 6.2 7300 1150 8.3 26 

.50 

Triode Voltage Amplifier M. 41) 5.0 0.23 2.8 2.2 2.00 Class-A Amp. 180 - 3.0 .- -- 0.2 130000 200 3040 
Triode Power Amplifier M. 4D 7.3 1.25 4.2 3.4 7.10 Class-A Amp. 450. -84.0 -... ..- 55.0 1800 2100 3.8 4330 4.6 50 



TABLE X - SPECIAL RECEIVING TUBES- Continued 

TyPo 

71-A  

Name Base 

sockim 

Connec- 
dons 

FIL o Heater Capacitance µAd. 
Plate 

SermlY 
Grid 
Bias 

_ 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Mo. 

Plate 
Resistance 
Ohms 

Transcon-
ductance 
Micromhos 

Am_ 
c__:: 
• "*"" 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type Volts Amp. In Out P::::,. 
Use 

Triode POW•f Amplifier M. 40 5.0 0.25 3.2 2.9 7.30 Class-A Amp. 180 -43.0 •-• --- 20.0 1750 1700 3.0 4800 0.79 71-A 996 ,  Triode Detector Amplifier S. 40 3.3 0.063 2.5 2.5 3.30 Class-A Amp. 90 - 4.3 .--. - 2.5 15500 425 6.6 ..... -• 99 112A , 

1828/  
Triode Detector Amplifier M. 40 5.0 0.25 -•• --. ...- Closs-A Amp. 180 -13.5 •••-• - 7.7 4700 1800 8.5 - •••.- 112A 

4828 

183/483 ,  

Triode Amplifier 

Power Triode  

M . 40 5.0 1.25 
•-• Class-A Amp. 250 -35.0 -. - 18.0 .-.- 1500 5.0 •-• -1828/ 

4828  

485 , Triode 
M. 4D 5.0 1.25 -- ..- - Class-A Amp. 230 -60.0 - 25.0 18000 1800 3.2 4500 2.0 183/483 
S. SA 3.0 1.3 -- ....... - Class-A Amp. 180 - 9.0 - - 6.0 9300 1350 12.5 

-.-• -•••• 485 864 Triode Amplifier S. 40 1.1 0.25 .-- - - Class-A Amp. 90 - 4.5 ....... -- 2.9 13500 610 8.2 .•-• -• 864 954 Pentode Detector, 
Amplifier A. pee 6.3 0.15 3.4 3.0 0.007 

Class-A Am Amp. 250 - 3 0 100 0 7 2.0 1.5 meg. 1400 2000 
Bias Detector 250 - 6.0 100 - Plate current to be adiustedto 0.1 ma. with no signal .-

954 

955 Triode Detector, 
Amplifier, Oscillator A. SBC 6.3 0.15 1.0 0.6 1.40 Class-A Amp. 

250 - 7.0 6.3 11400 2200 25 -• ••-

956 Veriable-p Pentode 
R.F. Amplifier A. 5811 6.3 0.15 3.4 3.0 0.007 Class-A Amp.  

Mixer  

90 
250 

250 

- 2.5 
- 3.0 

-.• 
100 

- 2.5 14700 1700 25 - 
955 

2 7 6.7 700000 1800 1440 - 956 

937 Triode Detector, 
Amplifier, Oscillator A. 5110 1.25 0.05 0.3 0.7 1.20 

- 
Class-A Amp. 135 

-10.0 

- 5.0 

100 - Oscillator peak volts-7 min. 

2.0 20800 650 13.5 •-•• - 957 958 
958-A  

959 

7E5/1201 

Triode-A.F. Amplifier, 
Oscillator 

Pentode 

A. 581) 1.25 0.1 0.6 0.8 2.60 Class-A Amp. 135 - 7.5 3.0 10000 1200 12 -•... -. 
958 

Detector, 
Amplifier 

U.h.f. Triode 

A. 58E 1.25 0.05 1.8 2.5 0.015 Class-A Amp. 145 - 3.0 67.5 0.4 1.7 800000 600 480 
--.• 

958-A 

959 

7C4/1203 U.h.f. Diode 
L. 81N 6.3 0.15 3.6 2.8 1.30 Class-A Amp. 180 - 3 

.... .- 5.5 12000 -» 36 •-•• -• 7E5/1201 
7A87 / 

L. 4AH 6.3 0.15 .- -- .- Rectifier Ma. r.m.s. voltage-150 Max. d.c. output current 7C4/1203 
1204 • 

1276 

Sharp Cut-off Pentode 

Triode 

L. 880 6.3 0.15 3.5 4.0 0.06 Class-A Amp. 250 - 2 100 0.6 1.75 800000 1200 

-8 

--. 

ma. 

.-.." -.. 
7AB7/ 

1609 
Power Amplifier 

Pentode 
M. 40 4.5 1.14 .-..-. ..-- - Class-A Amp. Characteristics similar to 6A3 

1204 

Amplifier S. • 511 1.1 0.25 - --.• -..- Class-A Amp. 135 - 1.5 67.5 0.65 2.5 400000 725 300 -. 
1276 

1609 5768 

6173 

U.h.f. "Rocket" Tried* 

"Pencil" 

N. Fig. 36 6.3 0.4 1.2 0.01 1.3 1000-3000 
Amplifier-Mc. 250 - 1 ••• - 9.3 •-• 4500 85 ..- 

Ma. 

..- 5768 

6173 9004 
U.h.f. Diode 

U.h.f. Diode 
N. Fig. 67 6.3 0.135 Plate to K-1.1 Rectifier Peak inverse-375 Vo ts. Peak 1p-50 Mo. Max. d.c. ou put-5.5 

9005  U Diode 
A. 48J 6.3 0.15 -.•-• ...- .-- Detector Max. a.c. voltage- 117. Max. d.c. ou put current-5 ma. 9004 

EF-50 
.h.f. A. 58G 3.6 0.165 - -.. Detector Max. a.c. voltage- 117. Max. d.c. ou current 

.-. 

9005 

EF-50 GL 
Sharp Cut-off Pentode L. 9C 6.3 0.3 II 5 0.007 I.F.-R.F. Amp. 250 150* 250 3.1 10 600000 

put - 1 
6300 

ma. 

.-. -2C44 
GL.464A 

GL 

U.h.f. Triode 0. Fig. 17 6.3 0.75 ._,, .... Class-A Amp. 
and Modulator 250 100• ••• --- 25.0 ...... 

"" ..--.. - 

.- 

- 
01.-2C44 
G1,464A -446A 

01.-4468 

559 

U.h.f. Triode 0. Fig. 19 6.3 0.75 •-.-. .... Oscillator' Amp' 
or Converter 250 200* .... ••- 15.0 .- 4500 45 ... •-• 01.-446A 

GL 
GL-559 U.h.f. Diode 0. Fig. 18 6.3 0.75 .- .... -- Detector or trans. 

1,6, much 5.0 -.- •-• 24.0 ._. - .-. .- . 

-4468 

559 
GL.559 

NU-2C35 

VT52 

Special Hi-Mu Triode 

Triode 

0. Fig. 38 6.3 0.3 5.2 2.3 0.62 Situ6n1maVege •^"^ es"... -200 5.0 525000 950 500 --• -. NU-2C35 

X6030 Diode 
M. 4D 7.0 1.18 5.0 3.0 7.7 Class-A1 Amp. 220 -43.5 -.. -.... 29.0 1650 2300 3.8 3800 1.0 VT52 

XXB 

 L.  L. Fig. 4 3.0 0.6 .- ..- -.- Noise Diode 30 ..- .-• 4.0 .- ........ .- -•• X6030 
Twin-Triode 
Frequency Converter L. Fig. 9 

2.8/ 
1.4 
3.2,/ 

1.6 

0.05/ 
0.10 ... 

.....•-•• 

-... •.- - Converter' 90 ' 
0 

- 3 

..-. 

.. 

.- 4.5 5 
4.5 , 

1.4 , 
1.4 5 

11200 , 
11200 , 

1900 ' 
1900 ' 

13005 
1300 , 

760 4 
760, 

14.5 1 

14.5 , 

.... .- 

XXB 

XXFM 

* 

Twin-Diode Triode L. 8BZ 6.3 0.3 •-• -• -..- Class-A Amp. 250 

100 
- 1 

0 

.-. 

-••••• 

•-.. 1.9 

1.2 

6700 

85000 

1500 

1000 
1" 
83 

.-"' .."-. JCXFM 
Cathode resistor-ohms. ' Both sections. - .. .. _ 

Section No. 2 recommended for h.f o. 'Section No. 1. • 
chan NO L 

5Same as X99. Type V99 is scree, but socket connections are 4E 
Discontineed. 



TABLE XI-MINIATURE RECEIVING TUBES-Other miniature types in Tables XIII and XV 

sock., Fil. or Heater Capacitance µmild. Plate Grid Screen Screen Plate Plate Tr - 
ductance 

Amp. 
Factor 

Load Resistance 
Power Output Prototype 

Type Name Base Connec- 
tions Volts Amp. In Out 

Plate- 
Grid 

U se Supply 
Volts 

Bias Volts 
Current 
Ma. 

Current 
Ma. 

Resistance 
Ohms Micromhos 4 Ohms Watts 

1A3 H. F. Diode B. SAP 1.4 0.15 - - ---- 
Detector 
F.M. Discrirn. 

Max. a.c. voltage per plate- 117. Max. output current-0.5 ma. - 

IAE4 Sharp Cut-off Pentode B. 6AR 1.25 0.1 3.6 4.4 0.008 Class-Ai Amp. 90 0 90 1.2 3.5 500000 1550 - -- -- -.-

1AF4 Pentode B. 6AR 1.4 0.025 3.8 7.6 .008 Class-At Amp. 90 0 90 0.5 1.65 1800000 950 ..-. - -.-- --

1AFS Diode Pentode B. 6AU 1.4 0.025 - ..- - Class-At Amp. 90 0 90 0.4 1.1 2000000 600 -..- - -- ---

1C3 Triode B. 5CF 1.4 0.05 0.9 4.2 1.8 Class-Ai Amp. 90 - 3 -- - 1.4 19000 760 14.5 -- -• 1LE3 

114 Sharp Cut-off Pentode B. 6AR 1.4 0.05 3.6 7.5 .008 Class-A Amp. 90 0 90 2.0 4.5 350000 1025 - --- --. 1NSGT 

IL6 Pentagrid Converter B. 7DC 1.4 0.05 7.5 12 0.3 Converter 90 0 45 0.6 0.5 650000 300 -- -- - ILA6 

IRS Pentagrid Converter B. 7AT 1.4 0.05 - ---- -.- Converter 90 0 67.5 3.0 1.7 500000 300 Grid No. 1 100000 ohms IA7GT 

154 Pentagrid Power Amp. B. 7AV 1.4 0.1 .- - •- Class-A Amp. 90 - 7.0 67.5 1.4 7.4 100000 1575 -. 8000 0.270 1Q5GT 

Class-A Amp. 67.5 0 67.5 0.4 1.6 600000 625 --. - -• 

155 Diode Pentode B. 6AU 1.4 0.05 .....-. 
It-Coupled Amp. 90 0 90 Screen resistor 3 meg., grid 10 meg. 1 meg. 0.050 

1T4 Variable-is Pentode B. 6AR 1.4 0.05 3.6 7.5 0.01 Class-A Amp. 90 0 67.5 1.4 3.5 500000 900 .- .- - 1P5GT 

IU4 Sharp Cut-off Pentode B. 6AR 1.4 0.05 3.6 7.5 0.01 Class-A Amp. 90 0 90 0.5 1.6 1500000 900 .-.- - - 1NSGT 

1U5 Diode Pentode B. 6BW 1.4 0.05 -.- - Class-A Amp. 67.5 0 67.5 0.4 1.6 600000 625 -.- - .--- --

1U6 Pentagrid Converter B. 7DC 1.4 0.025 8 12 0.4 Converter 90 0 45 0.55 0.55 600000 275 ...- - ..-- --

IW4 Power Amplifier Pentode B. SBZ 1.4 0.05 3.6 7 0.1 Class-Ai Amp. 90 - 9 90 1 5 300000 925 - 12000 0.2 1LB4 

2C51 Twin Triode B. 8C.,1 6.3 0.3 2.2 1.0 1.3 Class-Ai Amp. 150 - 2 -- 8.2 1 -- 5500 35 - -- 7F8 

Class-At Single 250 450* 250 7.4 2 44 2 63000 3700 40 6 4500 4.5 

Class-A1 Amp.3 250 225* 250 14.8 2 88 2 80 2 9000 • 9 

2E30 Beam Power Pentode B. 7CQ 6.0 0.7 10 4.5 0.5 
Class-Alb Amp., 250 -25 250 13.5 2 80 2 - - 48 2 8000 • 12.5 

Class-A112 Amp., 250 -30 250 20 2 120 2 - -- 40 2 3800 , 17 

3A4 Power Amplifier Pentode B. 7BD 
1.4 
2.8 

0.2 
0.1 4.8 4.2 0.34 Class-At Amp. 

135 
ISO 

- 7.5 
- 8.4 

90 
90 

2.6 
2.2 

14.9 2 
14.1 2 

90000 
100000 

1900 --- 8000 0.6 
0.7 

- 

3AS H.F. Twin Triode B. 7BC 
1.4 
2.8 

0.22 
0.11 

0.9 1.0 3.20 Class-A Amp. 90 - 2.5 --. -. 3.7 8300 1800 15 - .-.-. .-....-. 

3E5 Power Amplifier Pentode B. 61IX 11 0213 ••.- - -. Class-Al Amp. 90 - 8 90 1.5 5.5 120000 1100 --. 8000 .175 - 

1.4 0.1 Parallel Filaments 2.1 9.5 100000 2150 

10000 

0.27 
3Q5GT 

0.24 3Q4 Power Amplifier Pentode B. 7BA 
2.8 0.05 Series Filaments 

Class A Amp. 90 - 4.5 90 1.7 7.7 120000 2000 

1.4 0.1 Parallel Filaments 
7.0 67.5 

1.4 7.4 
100000 

1575 

8000 

0.27 
305GT 

0.235 
1425 

354 Power Amplifier Pentode B. 7BA 
2.8 0.05 Series Filaments 

Class A Amp. 90 - 
1.1 6.1 

1.4 0.1 Parallel Filaments Class-A Amp. 90 - 4.5 90 2.1 9.5 100000 2150 -- 10000 0.27 
305GT 

3V4 Power Amplifier Pentode B. 6BX 
2.8 0.05 Series Filaments Class-A Amp. 90 - 4.5 90 1.7 7.7 120000 2000 -. 10000 0.24 

6AB4 U.h.f. Triode B. SCE 6.3 0.15 2.2 0.5 1.5 Class-A Amp. 250 200* ...--.. •-• 10 10900 5500 60 -.. ..... 
Slagle unit 

12AT7 

6AEIll Triode Hexode B. 9Q 6.3 0.3 - - -- Freq. Converter - - - ...- - --- -- ..- - .- 6Kg 

2270 6600 15 ...- -. 

6AF4 U.h.f. Triode B. 7DK 6.3 0.225 2.2 0.45 
Class-Ai Amp. 80 150* - - 16 

1.9 
Ose. at 950 Mc. 100 1000011 - 0.410 22 - -- - - - 

6AG5 Sharp Cut-off Pentode B. 780 6.3 0.3 - - - Class-A Amp. 
250 
100 

200* 
100. 

150 
100 

2.0 
1.6 

7.0 
5.5 

800000 
300000 

5000 
4750 

--- 
- 

- 
--••• 

- 6SH7GT 

6AH6 Sharp Cut-off Pentode B. 7CC 6.3 0.45 10 2 
Pentode Amp. 300 160* 150 2.5 10 500000 9000 - - ---

6AC7 
0.03 

Triode Amp.2 150 160* ..»-- 12.5 3600 11000 40 - -   

6AJ4 U.h.f . Triode B. 91IX 6.3 0.225 4.4 0.18 2.4 Class-At Amp. 125 68* - -- 16 4200 10000 42 - -- - 

6AJ5 Sharp Cut-off Pentode B. 7PM 6.3 0.175 
R.F. Amplifier 28 200. 28 1.2 3.0 90000 2750 250 - --

Class-AB Amp., 180 - 7.5 75 -. -- --• -. - 28000 2 1.0 

6AK5 Sharp Cut-off Pentode B. 780 6.3 0.175 4.3 2.1 

180 200• 120 2.4 7.7 690000 5100 3500 - --

0.03 R.F. Amplifier 150 330• 140 2.2 7.0 420000 4300 1800 - - - 

120 200• 120 2.5 7.5 340000 5000 1700 -.• - 

6AK6 Power Amplifier Pentode B. 7BK _ 6.3 0.15 3.6 4.2 0.12 Class-A Amp. 180 - 9.0 180 2.5 15.0  200000 2300 -- 10000 1.1 .-
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TOP* Name Bese 
Socket 
Comma 
lions 

Fil. or Heater Copedlance pmfd. 

Use 
Plate 

SuPPIY 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Convent 
Ma. 

Plate 
Consist 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 

Micromhos 

Amp. 
Factor 
. 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Prototype 
Volts Amp. In Out Pre 

6AL5 U.h.f. Twin Diode B. 68T 6.3 0.3 - - - 'Detector Max. r.m.s. voltage-150. Max. d.c. output current-10 ma.' 6H6OT 
6AM4 U.h.f. Triode B. 98X 6.3 0.225 4.4 0.16 2.4 Class-A Amp. ISO 100* - -. 7.5 10000 9000 90 -.... ....-- 
6AMS Power Amplifier Pentode B. 6CH 6.3 0.2 ...- - -• Class-Ar Amp. 250 -13.5 250 2.4 16 130000 2600 •••- 16000 1.4 
6AM6 Pentode IL 7D8 6.3 0.3 7.5 3.25 0.01 Class-Al Amp. 250 - 2 250 2.5 10 1000000 7500 

1 

-- - •-• 
6AN4 U.h.f. Triode B. 7DK 6.3 0.225 2.2 0.17 1.7 Class-A Amp. 200 100* - .- 13 - 9000 70 .- -.. •-• 
6ANS Power Amp. Pentode B. 711D 6.3 0.5 9.0 4.8 0.05 Class-At Amp. 120 - 6 120 12 35 12500 8000 -.. - 6/107 

6AN6 Twin Diode B. 78J 6.3 0.2 - -.-- -a...a, Detector 
R.m.s. voltage per plate = 75 volts d.c. output = 3.5 ma with 25000 ohms and 8 janfd.load; 

peak current per plate = 10 ma.; peak inverse voltage = 210. .-. 

6AN7 Triode Hexed. B. 90 6.3 0.23 3.8 9.2 0.1 Converter 250 - 2 85 3 3 - 750 - ..- -. -.-

6AQS Beam Power Tetrode B. 78Z 6.3 0.45 7.6 6.0 0.35 Class-A% Amp. 
180 - 8.5 180 4.0 2 30 2 58000 3700 29 2 5500 2.0 

6V6GT 
250 -12.5 250 7.0 2 47 2 52000 4100 45 ' 50tX1 4.5 

6A06 Duodiode Hi-mu Triode B. 7 11T 6.3 0.15 1.7 1.5 1.80 Class-A Tried. 
250 - 3.0 -- -••••• 1.0 58000 1200 70 --- - 

6T7G 
100 - 1.0 -- - 0.8 61000 1150 70 - - 

6AR5 Pentode Power Amp. B. 6CC 6.3 0.4 
r 

•- --•-•• a.... Class-A% Amp. 
250 -18 250 5.5 2 33 2 68000 2300 -.. 7600 3.4 

6K6GT 
250 -16.5 250 5.52 35 2 65000 2400 - 7000 3.2 

6ASS Beam Pentode B. 7CV 6.3 0.8 12 6.2 0.6 Class-At Amp. 150 - 8.5 110 2/6.5 35/36 - 5600 4500 2.2 - 
6A56 Sharp Cut-off Pentode B. 7CM 6.3 0.175 4.0 3.0 0.02 Class-A Amp. 120 - 2 120 3.5 5.2 - 3700 -. ..-. -. - 
6AT6 Duplex Diode Triode B. 7BT 6.3 0.3 2.3 1.1 2.10 Class-A Amp. 250 - 3 - - 1.0 58000 1200 70 - - 6070T 
6AU6 Sharp Cut-off Pentode B. 78K 6.3 0.3 5.5 5.0 .0035 Class-A Amp. 250 - 1 150 4.3 10.8 2000000 5200 - -- - 65H7GT 
6AV6 Doodled. Hi-mu Triode B. 78T 6.3 0.3 - - ---- Class-At Amp. 250 - 2 - -- 1.2 62500 1600 100 - ---. 6SQ7GT 
6BA6 Remote Cut-off Pentode B. 7CC 6.3 0.3 5.5 5.0 .0035 Class.A Amp. 250 68* 100 4.2 11 1500000 4400 -- - - 6SG7GT 
611/17 Pentagrid Converter B. 1110 6.3 0.3 9.5 8.3 - Converter 250 - 1 100 10 3.8 1000000 950 - - -- 6587Y 
6805 Pentode IL 78D 6.3 0.3 6.6 3.1 .02 Class-At Amp. 250 180* 150 1.4 4.7 600000 4900 - -- -- - 
68C7 Triple Diode B. 9AX 6.3 0.45 - --- FM/AM Des. Max. diode current per plate = 12 Mo. Max. htr.-cath volts = 200 - - 

6806 Remote Cut-off Pentode B. 7CC 6.3 0.3 - - Class-A Amp. 
100 - 1 100 5 13 120000 2350 - - - 

65K7GT 
250 - 3 100 35 9 700000 2000 - -- - 

6807 Doodled. Hi-mu Triode B. 9Z 6.3 0.23 2.4 1.3 1.3 Class-A% Amp. 250 - 3 - - 1.0 58000 1200 70 - - .--
68E6 Pentagrid Converter B. 7CM 6.3 0.3 Osc. Grid 50000 It Converter 250 - 1.5 100 7.8 3.0 1000000 475 - - - 6SA7GT 
68E7 Heeled. Limiter-Disc. B. 9AA 6.3 0.2 - - - FM Limiter- 

Discriminator 
250 - 4.4 20 1.5 0.28 5000000 - - -..- - •-

611F5 Beam Power Pentode B. 7BZ 6.1 1.2 - - - Class-At Amp. 110 - 7.5 110 4.0/8.5 49/50 10000 7500 •-•- 2500 1.9 
68F6 Duplex.Diode Triode B. 78T 6.3 0.3 1.8 1.1 2.0 Class-Au Amp. 250 - 9 - - 9.5 8500 1900 16 10000 - 6SR7GT 

.. 68146 Sharp Cut-off Pentode B. 7CM 6.3 0.15 5.4 4.4 0.0035 Class-At Amp. 230 - 1 150 2.9 7.4 1400000 4600 - --- -- ----
66.15 Pentode B. 604 6.3 0.64 a..- --- - Power Amp. 250 - 5 250 5.5 35 40000 10500 420 7000 4.0 •-
68.16 Remote Cut-off Pentode B. 7CM 6.3 0.15 4.5 5.0 .0035 Class-A% Amp. 250 - 1 100 3.3 9.2 1300000- 3800 - - - 6SS7GT 

611K5 Beam Power Pentode B. 980 6.3 1.2 13 5.0 0.6 Class-Au Amp. 250 - 5 250 3.5/10 35/37 100000 8500 - 6500 3.5 - 
681(6 Doodled. Triad. B. 78T 6.3 0.3 - - -• Class-A% Amp." 250 - 2 ----• ...-a, 1.2 80000 1250 100 a- -a-.- - 

6BK7 U.h.f. Twin Triode B. 9AJ 6.3 0.45 3.0 , 1.1 1.9 Class-At Amp. 150 56* ---. - 18 4700 8500 40 ..- -••-• - 

61IN6 Gated-beam Disc. B. 7DF 6.3 0.3 4.2 3.3 .004 FM Disc. 80 - 1.3 60 5 0.23 - •-• - 68000 .-..-

61147 Dual Triode B. Fig. 41 6.3 0.75 
5.57 1.67 37 Class-At Amp., 250 -15 - --- 24 2200 5500 12 -- -a--
1.4. 0.3. 0.7. Class-At Amp.. 120 - 1 - - 5 14000 2000 28 - ----

6807 Double Triode B. 9AJ 6.3 0.4 2.55 1.3 1.15 Oass-At Amp." 150 220* - - 9.0 5800 6000 35 - - - 
611T6 Duodiode Triode B. 711T 6.3 0.03 -.a.» ---- - Class-At Amp. 250 - 3 - - 1 58000 1200 70 -- - --a-
alL16 Doodled. Triode B. 711T 6.3 0.3 - - - Class-At Amp. 250 - 9 - - 9.5 8500 1900 16 10000 0.3 - 

6BW6 Beam Pentode IL 9AM 6.3 0.45 - - Class-At Amp. 
315 -13 225 6 35 77000 3750 - 8500 5.5 

- 
250 -12.5 250 7 47 52000 4100 -.- 5000 4.5 

68Z7 U.h.f. Twin Triode B. 9AJ 6.3 0.4 2.85 2.27 1.15 Class-A Amp." 150 220* - - 10 5600 6800 38 - -«-- 6807 
6C4 Triode Amplifier B. 68G 6.3 0.15 1.8 1.3 1.60 Class-At Amp. 250 - 8.5 - - 10.5 7700 2200 17 - -.-- 6J5GT 

6C116 Sharp Cut-off Pentode B. 7CM 6.3 0.3 6.3 1.9 0.02 Class.At Amp. 200 180* 150 2.8 9.5 600000 6200 - - a- - 

6CG6 Remote Cut-off Pentode B. 78K 6.3 0.3 5 5 0.008 Class-At Amp. 250 - 8 150 2.3 9.0 720000 2000 - - - -.-



TABLE XI - MINIATURE RECEIVING TUBES - Continued 

TYP6 Name Base   
Socket 
C 

ti fions 

Fil. or Heater Capacitan ce µµfd. 

Use 
Plate 
Supply 
volts 

Grid 
Bi** 
-- 

Screen 
von. 

Screen 
Current 
hio. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 

Micromhos 

Amp. 
Factor 

9 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Prototype 
Volts Amp. In "n Out 

Plate- 
Grid 

6C1.6 Power Pentode B. Fig. 68 6.3 0.65 11 5.5 0.12 Class-At Amp. 250 - 3 150 7/7.2 30/31 15000 11000 - 7500 2.8 6AG7 

6J4 U.h.f. Grounded-Grid 
R.F. Amplifier B. 780 6.3 0.4 5.5 0.24 4.0 

Grounded-Grid 150 200* - - 15.0 4500- 12000 55 ....- - 

Class-A; Amp. 100 100* •'• 10.0 5000 11000 55 - - 

6J6 Twin Triode B. 78F 6.3 0.45 2.2 0.4 1.6 Class-A; Amp. 
Mixer. Oscillator 

100 50* ..__. ._... 8.5 7100 5300 58 - .- ---

6M5 Power Amplifier Pentode B. 9N 6.3 0.71 10 6.2 1 Class-A; Amp. 250 170* 250 5.2 36 40000 10000 - 7000 3.9 - 
6144 U.h.f. Triode Amplifier B. 7CA 6.3 0.2 3.0 1.6 1.10 Class-A Amp. 180 - 3.5 - - 12 •-• 6000 32 *--- -- - 
6N8 Duediode Pentode B. 9T 6.3 0.3 4 4.6 .002 Class-A; Amp. 250 - 2 85 --. 1 1600000 2200 - .- - 
604 Grnd.-Grid Triode B. 95 6.3 0.48 5.4 .06 3.4 Class-A; Amp. 250 - 1.5 ...- .-- 15 - 12000 80 - -.. 

6R4 U.h.f. Triode B. 9R 6.3 0.2 1.7 0.5 1.5 Class-A; Amp. 150 - 2 - - 30 - 5500 16 - - -• 
6118 Triple Diode Triode B. 9E 6.3 0.45 1.5 1.1 2.4 ' Class-A; Amp. 250 - 9 -.- - 9.5 8500 1900 16 10000 0.3 .•-•• 

654 Triode B. 9AC 6.3 0.6 - - -- Class-A, Amp. 250 - 8 - - 26 3600 4500 16 -•-•- .. •-• 

6T8 Triple-Diede Triode B. 9E 6.3 0.45 1.5 1.1 2.4 Class-A; Amp 
250 - 3 - - 1.0 5800 1200 70 -. 

100 - 1 - - 0.8 5400 1300 70 --- -...-

6U8 
Triode 

B. 9AE 6.3 0.45 
2.5 1.0 1.8 Class-A; Amp. 150 56* - - 18 5000 8500 40 -. -.- 

Pentode 5.0 2.6 0.01 Class-A; Amp. 250 68* 110 3.5 10 400000 5200 --. - - 

6V8 Triple-Diode Triode B. 9AH 6.3 0.45 -=••••• -- 
Class-A; Amp. 

100 - 1 - -. 0.8 54000 1300 70 .- --. 

....... 250 - 3 - --. 1.0 58000 1200 70 -. -.-, 

Diode Max. die-de r 2 and *3 Ma. = 10 each. Max. diode #1 Ma. =1 0 

6X8 
Medium Mu Triode 

B. 9AK 6.3 0.45 
2.6 1.0 1.4 Triode Ose. 150 270051 - - 13 - - --•••• --.* -.-- ...... 

Sharp Cut-off Pentode 4.5 1.2 0.008 Pentode Mix. 150 - 3.5 150 1.1 4.6 - 1600 .-- -.- .-

12A4 Triode B. 9AG 
6.3 0.6 

- Class-Ar Amp. 150 -17 - - 30 1200 5200 co .... -.-. ..... 
12.6 0.3 

12ALS Twin Diode B. 6BT 12.6 0.13 2.5 - - Detector R.m.s. voltage per plate = 117; d.c. output =9 ma. per pla e; peak ma. 
per plate = 54; peak inverse vol age =330. 

12H6GT 

12AT6 Duplex Diode Triode B. 7BT 12.6 0.15 2.3 1.1 2.10 Class-A Amp. 250 - 3.0 - ---- 1.0 58000 1200 70 - - 1207GT 

12A17 Double Triode B. 9A 
6.3 0.3 2.5 , 0.45 , 1.45T  . Class-A, ss- oto, Amp 

Each Unit 
250 - 2 - - 10 10000 5500 55 - -- 

.-... 
12.6 0.15 2.5 9 0.35 9 1.45 9 180 - 1 - 11 9400 6600 62 - .-

12AU6 Sharp Cut-off Pentode B. 7CC 12.6 0.15 5.5 5.0 .0035 Class-Ao Amp. 250 - 1.0 150 4.3 10.8 1 meg. 5200 - -- -- 12SH7GT 

12AU7 Twin-Triode Amplifier B. 9A 
6.3 0.3 1.6 , 0.5 , 1.5 , . . 

C_l10ss 230 - 8.5 .- -. 10.5 7700 2200 17 - -.• 12SN7GT 
12.6 0.15 1.6 8 0.35 8 1.5 8 

At Amp. 

12AV6 Duodiode HI-mu Triode B. 7BT 12.6 0.15 - - .-. Class-AL Amp. 250 - 2 - -- 1.2 62500 1600 100 ..-- ..- •-• 

12AV7 Double Triode B. 9A 
12.6 0.225 

3.1 
0.5, 

1.9 Class-Al Amp." 
100 120* - .- 9.0 6100 6100 37 -- .--. 

6.3 0.45 0.48 150 56* - - 18 4800 8500 41 - .-

12AW6 Sharp Cut-off Pentode B. 7CM 12.6 0.15 6.5 1.5 0.025 
Pentode Amp. 250 200* 150 2.0 7.0 800000 5000 - .- .- 

•-•-• 
Toledo Amp. 9 250 825* - - 5.5 11000 3800 42 .- - 

12AW7 Sharp Cut-off Pentode B. 7CM 12.6 0.15 6.5 1.5 0.025 Class-A; Amp. 250 200* 150 2.0 7.0 -0.8 meg. 5000 - -.-= .-- ...• 

12AX7 Double Triode B. 9A 
12.6 0.15 1.6 , 0.46 , 1.7 , 

Class Al Amp 
250 - 2 - - 1.2 i 62500 1600 100 - --. 

6.3 0.3 1.6 8 0.34 ' 1.7 8 100 - 1 -, - 0.5 ' 8000 1250 100 -..-. - 

12AY7 Dual Triode B. 9A 
12.6 0.13 

1.3 0.6 1.3 
Class-A Amp. 250 - 4 - - 3 - 1750 40 o... - 

6.3 0.3 Lo-Level Amp. 150 2700* Plate resistor= 20000 U. Grid resistor = 0.1Meg. V.G. 12.5 

12AZ7 Double Triode B. 9A 
12.6 0.225 3.1 , 0.5, 1.9, 

Class Al Amp. 
100 270* - --• 3.7 15000 4000 80 - .....-

6.3 0.45 3.1 , 0.48 1.98 250 200* -••• •- 10.0 10900 5500 60 - - 

1284 Triode B. 9AG 
12.6 0.3 

6.4 7 4.3 Class-A Amp. 150 -17.5 ......... •-• 35 - 6500 6.5 --. .-. .... 
6.3 0.6 

1211A6 Remote Cut-off Pentode B. 7CC 12.6 0.15 5.5 5.0 .0035 Cless-A Amp. 250 68* 100 4.2 11.0 1300000 4400 .-- - --• 125070 
1211/47 Pentagrid Converter B. IICT 12.6 0.15 9.5 8.3 - Converter 230 - 1 100 10 3.8 1000000 3.5 -. •-•-• ..-• 
12506 Remote Cut-off Pentode B. 7CC 12.6 0.15 4.3 5.0 .004 Class-A Amp. ---' 250 - 3 100 3.5 9.0 700000 2000 ---.• ..-. -• 12SK7GT 
1211E6 Pentagrid Converter B. 7CH 12.6 0.15 Ose. Grid 50000 0 Converter 250 - 1.5 100 7.8 3.0 1000000 475 - - .- 12SA7GT 
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Typo Name Base 
Socket 
Conner- 
lions 

Fil. or Heater Capacitance pfd. 

Use 
Plate 

Svuopre 
Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Mo. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Tr  
ductance 
Micromhos 

Amp. 
Factor 
f 

Load 
Reaistance 
Ohms 

Power 
Output 
Watts 

Prototype 

2SR7GT 

Volts Amp. In Out Pe - 

128F6 Duorliode Triode . 7BT 12.6 0.152.00 Class-A Amp. 250 - 9 - 9.5 8500 1900 16 - - 

128H7 Duel Triode B. 9A 
6.3 0.6 

Clmss-AL Amp. 250 - 9.5 - -- 11.5 .- 3250 18 •- -- 6SN7GT 
12.6 0.3 

128K6 Duodiode Triode B. 78T 12.6 0.15 - ..-.--- Class-A p. I Am 
.... 

1211N6 Gated-beam Disc. 8. 7DF 12.6 0.15 4.2 3.3 .004 FM Disc. 
128T6 Duodiode Triode B. 7BT 12.6 0.15 .-
12111116 Duodiode Triode B. 7BT 12.6 0.15 - - Class.Ai Amp. Same as 68U6 - 

128Y7 Shp Cu art-off Pentode B. 98F 
12.6 0.3 

4.0 

1 

6.3 0.6 

12BZ7 Dual Triode 8. 9A 
12.6 0.15 

0.7 
I- 6.3 0.3 

19/105 •Beam Pentode B. 7BZ 18.9 0.15 - 

19C8 Triple-Diode Triode 

I II 
B. 9E 0.15 .-•-• 

0.5 80000 1250 100 - 

Diode18.9 

19J6 Twin Triode B. 7BF 18.9 0.15 0.4 

-1 19T8 Triple-Diode Triode B. 9E 18.9 0.15 1.1 I.- 
19V8 Triple-Dlode Triode B. 9AH 18.9 0.15 - - Characteristics same as 6V8 

-I-

258K5 Beam Power Amp. B. 98Q 25 0.313 5.0 

I 26A6 Remote Cut-off Pentode B. 7BK 26.5 0.07 5.0 .0035 Class-A, Amp. 250 125e 100 4 10.5 1000000 4000 

268K6 Duediode Triode B. 78T 26.5 0.07 ,...... 
26C6 Duplex-Diode Triode B. 78T 26.5 0.07 
26CG6 Semi-Remote Cut-off 

Pentode 
B. 78K 26.5 0.07 5.0 

2606 Pentagrid Converter B. 7CH 26.5 0.07 - 

3585 Beam Power Amplifier B. 78Z 35 0.15 11 6.5 0.4 Class-At Amp. 110 - 7.5 110 7 , 41 , - 5800 , 2500 1.5 35L6GT 

35C5 Beam Power Amplifier B. 7CV 35 0.15 12 6.2 0.37 Class-Ai Amp. 110 - 7.5 110 3/7 40/41 - 5800 2500 1.5 - 

5085 Beam Power Amplifier 8. 78Z 50 0.15 13 6.5 0.50 Class-A Amp. 110 - 7.5 110 4.0 49.0 14000 7500 3000 1.9 50L6GT 

5005 Beam Power Amplifier B. 7CV50 015 - -• - Class-AI Amp. 110 - 7.5 110 4/8.5 49/30 10000 7500 - 2500 1.9 -. 

5590 Pentode B. 7BD 6.3 0.15 3.4 2.9 0.01 Class-Ai Amp. 90 820* 90 1.4 3.9 300000 2000 -. - - 

5591 R.F. Pentode B. 7BD 6.3 0.15 3.9 2.85 0.01 Class-AI Amp. 180 200* 120 2.4 1.7 690000 5100 3500 

5654 Sharp Cut-off Pentode B. 7BD 6.3 0.173 4 2.9 0.02 Class-At Amp. 120 200* 120 2.5 7.5 340000 5000 - 

5656 Double Tetrode B. 9F6.3 0.4 3.6 1.5 0.06 Class-Al Amp." 150 - 2 120 2.7 15 60000 5800 - - 

5670 Dual Triode B. 8CJ6.3 0.35 2.2 1.0 1.3 Class-Al Amp. 150 240 - - 8.2 5500 35 -- - 7F8 

5686 Power Pentode B. Fig. 296.3 0.35 6.4 4.0 0.11 Class-Al Amp. 250 -12.5 250 5 27 ---. 3100 --.• 9000 2.7 

5687 Dual Triode B. 9H 
12.6 0.45 

4 0.45 3.1 Class-A Amp. 
250 -12.5 .--- 16 4000 4100 16.5 - 

120 - 2 34 2000 10000 20 

5722 Noise Generating Diode B. 501 - 1.5 - Noise Generator 200 •-•-» - - 35 

5725 Semi remote Cut-off 
Pentode 

B. 7CM6.3 .175 ---• - - Class-Al Amp. 120 - 2 120 3.5 5.2 - 3200 - - 

5726 Twin Diode B. 681*6.3 0.3 - 3.2 -• Rectifier Maximum a.c. voltage per plate = 117; Maximum d.c. Ma. per plate = 9. 

5749 Remote Cut-off Pentode B. 78K6.3 0.30 5.5 5.0 .0035 Class-Al Amp. 250 68* 100 4.2 11 1 Meg. 4400 - - 

5750 Pentagrid Converter • 6.3 0.30 Osc. Grid 2000012 Converter 250 - 1.5 100 7.5 2.6 1 Meg. 475 0.5" -- === 

5751 Dual Triode B. 9Al2.6 .173 - - - Class-Al Amp. 250 - 3 - - 1.1 58000 1200 70 - 1251.7GT 

5755 Double Triode B. 
9J 12.6 0.18 

D.C. Amp. 310 150K* ..- - 0.15 140000 500 70 900000 - •-•-

5812 Beam Pentode 8. 7CQ 6.3 0.65 9 7.4 0.2 Class-Al Amp. 250 -23 250 1.8 40 55000 4100 -. -- - 

5814 Dual Triode B. 9A 126 
0 

1.6 0.5 1.5 Class-AI Amp. 250 - 8.5 - •- 10.5 6250 2200 19.5 - 12SN7GT 

5842 Triode . 9V6.3 0.3 9.0 0.48 1.8 Class-Al Amp. 150 62* - - 26 1800 24000 43 - - 



TABLE XI- MINIATURE RECEIVING TUBES- Continued 

Type Name Base 
Socket 
Conn«. 
non, 

Fil. or Heater Cape hence µAd. 
Use 

Plate 
Supply 

Volts 

100-  

Grid 
Blas 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 

MIcrornhos 

Amp. 
Factor 

-. 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Prototype Volts Amp. In Out Plate- 
Grid 

5844 

5845 
Twin Triode 

Double Triode 
B. 7BF 6.3 0.3 2.4 0.5 2.7 Class-At Amp. 470' -.- - 4.8 7950 3400 27 - - 6.16 
B. SCA 4.3 0.435 - -.- - Noise Generator 300 (Plates tied together) 600000 - 

5847 Sharp Cut-off Pentode B. 9X 6.3 0.3 7.1 2.9 0.04 Class-At Amp. 160 - 8.5 160 4.5 - - 12500 - - --- - 5879 Sharp Cut-off Pentode B. 9AD 6.3 0.15 2.7 2.4 0.11 Class-At Amp. 250 - 3 100 0.4 1.8 2 Meg. 1000 ....... - -. - 
5910 Sharp Cut-off Pentode B. 6AR 1.4 0.05 3.6 7.5 0.008 Class-At Amp. 90 0 90 0.45 - 1.5 Meg. 900 - - --- - 
5915 Dual Control Sharp 

Cut-off Heptode B. 7CH 6.3 0.3 7.2 8.6 0.3 Switch 30 - 5.5 75 8.25 6 --. 

5963 Dual Triode B. 9A 12.6 0.15 
1.9 - 1.5 Class-At Amp. 67.5 0 ..... ..... 71 7850 2800 22 - -• - 6.3 0.3 

5964 Dual Triode B. 78F 6.3 0.45 2.1 - 1.3 Class-At Amp. 100 50* - - 9.5, 6300 6000 39 ..-- ---. ---. 

6005 Beam Power Amplifier B. 7BZ 6.3 0.45 - --
Class-At Amp. 250 -12.5 250 4.5/7 45/47 52000 4100 - 5000 4.5 

Class-Mk, 250 -15 250 5/13 70/79 60000 3750 - 10000 10 
6072 Lo-Noise Twin Triode B. 9A 6.3 0.35 1.4 0.5 1.4 Class-At Amp. 250 - 4.0 ..-- - 3.0 25000 1750 44 - - 12AY7 
6135  Med.-Mu Triode B. 6BG 6.3 0.175 1.5 0.7 1.4 Class-At Amp. 250 - 8.5 - .- 10.5 7700 2200 17 --.. - 6C4 
6136 Sharp Cut-off Pentode B. 7BK 6.3 0.3 6.0 5.0 0.0035 Class-At Amp. 250 68* 150 4.3 10.6 1000000 5200 -. --• ..- 6AU6 
6201  U.h.f. Triode B. 9A 6.3 0.3 2.3 0.4 1.6 Class-At Amp. 250 200* - 10 10900 5500 60 --• - 12AT7 

9001 Sharp Cut-off Pentode B. 7PM 6.3 0.15 3.6 3.0 0.01  Class-A Amp. 250 - 3.0 100 0.7 2.0 1 meg.+ 1400 - -- ...-..-.. 
Mixer 250 - 5.0 100 Ose. peak voltage 4 volts 550 - --- - 

9002 

_ 

Triode Detector, 
Amplifier, Oscillator  B. 7TM 6.3 0.15 1.2 1.1 1.40 Class-A Amp. 

250 - 7.0 - ..--. 6.3 11400 2200 25 -- .-- 
90 - 2.5 - - 2.5 14700 1700 25 --- - 

9003 

-710006  

Remote Cut-off Pentode B. 7PM 6.3 0.15 3.6 3.0 0.01 Class-A Amp. 250 - 3.0 100 2.7 6.7 700000 1800 - ----. 
_ 

Mixer 230 -10.0 100 Ose. peak voltage 9 volts 600 - - 
U.h.f. Diode B. 6BH 6.3 0.15 - -- - Detector Max. a.c. voltage-270. Max. d.c. output current-5 ma. 

U Oscillator gridlock ohms. 
*Cathode resistor- ohms. 
i Per Plate. 
2' Maximum-signal current for full-power output. 

Values are for two tubes In push-pull 
Unies otherwise noted. 
No signal plate ma. 

Effective plate-to-plate. 
Triode No. 1. 
Triode No. 2. 

TABLE XII- SUB-MINIATURE TUBES 

Grid No. 2 led to plate and No. 3 to cathode. 
10 Oscillator g id current Ma. 
tt Values for each section. 
Between GI and G:. 

Type Name Base   

Socket Fli. or Heater Capacitance ppfd. 
Use 

Plate 
Supply 
Volts 

Grid 
Bias Screen 

volts 
Screen 
Current 
Ma. 

Plate 
Current 
Mo. 

Plate 
Resistance 
Ohms 

T - 
ductance 
Micremhos 

Amp. 
Farrar 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type - 
Coen. Volts Amp. In Out Cer" 

TACS Power Pentode es. Fig. 14 1.25 0.04 -... .. Class-At Amp. 67.5 -4.5 67.5 0.4 2.0 150000 750 
lAD4 Pentode t 

2 1.25 0.1 4.5 4.5 0.01 Class-At Amp. 45 0 45 0.8 3.0 500000 2000 

.. 

- 

25000 

-.-- 

0.05 

- 

lACS 

lAD4 
lADS Sharp Cul-off Pentode Bs. Fig. 16 1.25 0.04 1.8 2.8 0.01 Class-At Amp. 67.5 0 67.5 0.73 1.85 700000 735 - 1 ADS 
1AES Heptode 1 , 1.25 0.06 4.9 2.1 4.0 Mixer 45 0 45 2.0 0.9 200000 200 - - - 1AE5 
1C8 Heptode -. -••• 1.25 0.04 6.5 4.0 0.25 Converter 30 0 30 0.75 0.32 300000 100 - - --...... 1C8 
103 Triode 1 

2 1.25  

1.25 

0.3 

0.04 

1.0 1.0 2.6 Class-A Amp. 90 -5 - -... 12.5 - 3400 8.7 - - 1D3 
188  

156 
Pentagrid Converter 81. Fig. 27 6 ...... ....., Converter 67.3 0 67.5 1.5 1.0 - 150 -. ........ - 1E8 
Diode Pentode BS. 8DA 1.25 0.04 -.. -». Detector Amp. 67.5 0 67.5 0.4 1.6 400000 600 - - -.- 156 

1T6 Diode-Pentode Bs. Fig. 28 1.25 0.04 -- - -. Class-At Amp. 67.5 0 67.5 0.4 1.6 400000 600 -- - - 1T6 
1V5 Audio Pentode t 2 1.25 0.04 - - Class-At Amp. 67.5 -4.5 67.5 0.4 2.0 150000 750 - 25000 0.05 1VS 
1WS Sharp Cut-off Pentode I 1.25 0.04 2.3 3.5 0.01 Class-At Amp. 67.5 0 67.5 0.75 1.85 700000 735 - - - 1W5 

US Twin Triode t 1.2 

2.4 

0.26 

0.13 
0.8 0.8 1.2 Class-A Amp. 90 -1 -. - 2.6 18700 1150 21.5 - - 285 

2E31 R.F. Pentode I 2 1.25 0.05 Class-At Amp. 22.5 0 22.5 0.3 0.4 - 500 ----• - 2E31 
2E32 R.F. Pentode 1 2 1.25 0.05 Class-A Amp. 22.5 0 22.5 0.3 0.4 350000 500 -... .-.- 2E32 
2E35 Audio Pentode i a 1.25 0.03 Class-Al Amp. 22.5 22.5 0.07 0.27 - 385 - - 0.0012 2835 



TABLE XII - SUB-MINIATURE TUBES- Continued 

TABLE XII - SUB-MINIATURE TUBES- Continued 

Type Name Sas. 
Socket Fil. sr Heater Capacitance µAd. 

Plate-1 
Grid 

Use 
Plate 
Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Ironicen- 
ductance 

Micromhos 
Amp. 
Factor 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type Cenn« 
non, Volts Amp. 

in Out 

2E36 Audio Pentode L 1 1.25 0.03 Class As Amp. 
22.5 0 22.5 0.07 0.27 220000 385 - 150000 0.0012 

2E36 
45 -1.25 45 0.11 0.45 250000 500 - 100000 0.00 

2E41 Diode Pentode 1 2 1.25 0.03 --- -  -  Detector Amp. 22.5 0 22.5 0.12 0.35 - - - - 2E41 
2E42 Diode Pentode I 2 1.25 0.03 Detactor Amp. 22.5 0 22.5 0.12 0.35 250000 375 - 1 meg. - 2E42 
2G21 Triode Heptode 1 1.25 0.03 -  --- -  Converter 22.5 - 22.5 0.2 0.3 - 75 - - 2021 
2G22 Converter i 1.25 0.03 Converter 22.5 0 22.5 0.3 0.2 500000 60 - - - 2022 
6AD4 Triode Be. - 6.3 0.15 2.8 3.2 1.31 Class-Al Amp. 100 820* - - 1.4 26000 2700 70 - - 6AD4 
6AIS Dual Diode 1 2 6.3 0.15 --- - .-- ---- , Rectifier Max. a. c. volts- 150. Peak inverse volts-420. Peak Ma.-24. Av. Ma.-4.0 6AZ5 
68AS Pentode i 2 6.3 0.15 4.0 6.5 0.19 Class-As Amp. 100 270* 100 1.25 4.8 150000 3300 ...- .-. -. 68Ai - 
68F7 Dual Triode Bs. 80G 6.3 0.3 2.0 1.6 1.5 R.F. Amp. 100 100* .- 8.0 7000 4800 35 ... ..... 6417 
68G7 Dual Triode Bs. 8DG 6.3 0.3 2.0 1.6 1.5 R.F. Amp. 100 100* - - 8.0 7000 4800 35 - -.. 6807 
61(4 Triode 1 2 6.3 0.13 2.4 0.8 2.4 Class As Amp. 200 680e - -- 11.5 4650 3450 16 -. - 61(4 
1247 Diode 1 2 0.7 0.065 -- --- - R.F. Probe Max. a c. volts-300 r.m.s D.C. plate current-0.4 Ma. 1247 

CK501 Pentode Voltage Amplifier -  i 2 1.25 0.033 .-- - -.... Class-A Amp. 
30 o 30 0.06 0.3 1000000 325 

- •-••••• CK501 45 -1.25 45 0.055 0.28 1500000 300 
CK502 Pentode Output Amplifier - . 1 1.25 0.033 - - -- Class-A Amp. 30 0 30 0.13 0.55 500000 400 - 60000 0.003 CK502 
CK503 Pentode Output Amplifier --- r 2 1.25 0.033 - --- - Class-A Amp. 30 0 30 0.33 1.5 150000 600 - 20000 0.006 CK503 ac.504 Pentode Output Amplifier - 1 2 1.25 0.033 - - - Closs-A Amp. 30 -1.25 30 0.09 0.4 500000 350 - 60000 0.003 CK 504 

CK505 Pentode Voltage Amplifier - 5 = 0.625 0.03 -. - - Class-A Amp. 
30 0 30 0.07 0.17 1100000 140 

- -. CK505 45 -1.25 45 0.08 0.2 2000000 150 
CK506 Pentode Output Amplifier - 1 - 1.25 0.05 - - - Class-Al Amp. 45 -4.5 45 0.4 1.25 120000 500 - 30000 0.025 CK506 
CK507 Pentode Output Amplifier - 1 2 1.25 0.05 - - - Class-As Amp. 45 -2.5 45 0.21 0.6 360000 500 - 50000 0.010 CK507 
CK509 Triode Voltage Amplifier - 1 2 0.625 0.03 -.- -..- - Class-A Amp. 45 o - - 0.15 150000 160 16 1000000 -... CK509 
CK510 DualSpace-ChargeTetrode - 1 2 0.625 0.03 - --- - Class-A Amp. 45 o 0.2 200 sec 60 pa 500000 65 32.5 - - CK510 
CK512 Low Microphonic Pentode a 2 0.625 0.02 - - --- Voltage Amp. 22.5 0 22.3 0.04 0.125 - 160 - - - CK412 
CK5158X Triode Voltage Amplifier - 5 2 0.623 0,03 ---. -. - Class-A Amp. 45 o - - 0.15 -.- 160 24 1000000 - CK5158X 
CK520AX Audio Pentode 1 2 0.625 0.05 - -- Class-Al Amp. 45 -2.5 45 0.07 0.24 - 180 - - 0.0045 CK520AX 
CK521AX Audio Pentode I = 1.25 0.03 ...... - Class-Ai Amp. 22.5 -3 22.5 0.22 0.8 - 400 - - 0.006 CK521AX 
CK522AX Audio Pentode 5 2 1.25 0.02 -..- - -  Clase-A1 Amp. 22.5 0 22.5 0.08 0.3 --- 450 - - 0.0012 CK522AX 
CK523AX Pentode Output Amp. I -... 1.25 0.03 - Class-A Amp. 22.5 -1.2 22.5 0.075 0.3 - 360 - --.. 0.0025 CK523AX 
CKS24AX Pentode Output Amp. 1 1.25 0.03 .. - - Class-A Amp. 15 -1.75 15 0.125 0.45 - 300 - -, 0.0022 CK524AX 
CK525AX Pentode Output Amp. 5 1.25 0.2 .-. - -.• Class-A Amp. 22.5 -1.2 22.5 0.06 0.25 -. 325 - - 0.0022 CKS2SAX 
CK526AX Pentode Output Amp. 1 -.. 1.25 0.2 --•. -. - Class-A Amp. 22.5 -1.5 22.5 0.12 0.45 ----. 400 - - 0.004 CK526AX 
CK527AX Pentode Output Amp. 1 - 1.25 0.013 -. - ....... Class-A Amp. 22.5 0 22.5 0.025 0.1 - 73 --. .-.. 0.0007 CK527AX 
CK529AX Shielded Output Pentode 1 -.. 1.25 0.02 - - - Class-A Amp. 15 -1.5 15 0.05 0.2 - 275 - .- 0.0012 CK529AX 
CKSSIAXA Diode Pentode 1 2 1.25 0.03 --. -..- - Detector-Amp. 22.5 0 22.5 0.04 0.17 - 235 - - - CK551AXA 
CK553AXA RA Pentode 1 = 1.25 0.05 --- - - Class-Al Amp. 22.5 0 22.5 0.13 0.42 - 550 - - - CK553AXA 
CK556AX U.h.f. Triode 1 2 1.25 0.125 - - ---. R.F. Oscillator 135 -5 - - 4.0 - 1600 - - - CK556AX 
CK568AX U.h.f. Triode 5 2 1.25 0.07 - - ---- R.F. Oscillator 135 -6 - --. 1.9 --- 650 - .--. - CK5611AX 
CK569AX R.F. Pentode 5 2 1,25 OM -. - Ciass-As Amp. 67.5 0 67.5 0.48 1.8 ••••-• 1100 -. ...- - CK569AX 
CK6050( Sharp Cut-off Pentode 1 - 6.3 0.2 -.. - - Class-A Amp. 120 -2 120 2.5 7.5 -•-• 5000 - - CK605CX 
CK60611X Single Diode 1 

2 6.3 0.15 -.••• - 

- 

- Detector 150 a.c. - -- - 9.0 d.c. - - - - - CK6068X 
CK6011CX U.h.f. Triode I 2 6.3 0.2 - - 500-Mc. Osc. 120 -2 - - 9.0 - 5000 - -... 0.75 CK608CX 
CK619CX HI-Mu Triode 1 

2 6.3 0.2 - - - Class-As Amp. 250 -2 - - 4.0 - 4000 - -.• ..- CK619CX 
CK624CX Sharp Cut-off Pentode 1 - 6.3 0.2 -.. -. ...- Class-A Amp. 120 -2 120 3.5 5.2 - 3000 - .- CK624CX 
CK650AX 

CK5672 

Sharp Cut-off Pentode 1 

2 

2 6.3 0.2 -.. ... - Class-Ai Amp. 120 -2 120 2.5 7.5 --. 5000 - -. .... CK650AX 
Pentode Output Amp. - 1.25 0.05 -... - Class-A Amp. 67.5 -6.25 67.5 1.0 2.75 .- 625 -. 0.06 CK5672 

HY113 
HY123 A iod Tre Amplifier ...... 2 SK 1.4 0.07 - - - Class-A Amp. 45 -4.5 - .... 0.4 25000 250 6.3 40000 0.0065 HY113 

HY123 



TABLE XIV - CATHODE-RAY TUBES AND KINESCOPES- Continued 

Type Name 
Socket 
Connec 
lions 

Heater 
Use Size 

Anode 
No. 2 

Voltage 

Anode 
No. 1 

Voltage 

Cut-Off 
Grid 

Voltage 

Grid 
No. 2 
Voltage 

Ion- 
Trap 
Ma. 

Max. 
Input 

Voltage ' 

Focus 
Coil 
Mo. 

Defle tion 
Sensitivity 6 

Anode 
No. 3 
Voltage 

Pattern 
Color TYP9 

volts Amp. D, D2 Ds Dt 

21EP4A 

21FP4A  

Electromagnetic IC  Fig. 44 6.3 0.6 Television 21" ---• 12000 -33/-77 300 70 - 95 - - --• White 21EP4A 

Electrostatic-Magnetic Kinescope  Fig. 43 6.3 0.6 Television 21" 14000 *200 -33/-77 300 40, ---. -. - - - White 21FP4A 

21KP4A  Electrostatic-Magnetic Ki pe Fig. 45 6.3 0.6 Television 21" - 12000 -33/-77 300 50 --.• - - - - White 21KP4A 

21MP4 Electrostatic-Magnetic Kinescope Fig. 43 6.3 0.6 Television 21" - 16000 -33/-77 300 50, - -.   - - - White  21MP4 

22AP4 
22AP4 Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 22" ---- 14000 -33/-77 300 355 117 - - - White 

24AP4A Electromagnetic Picture Tube 120 6.3 0.6 Television 24" - 12000 -33/-77 300 32i -- 97 - - -.---- White 24AP4A 

24BP4  Electrostatic-Magnetic Kinescope Fig. 43 6.3 0.6 Television 24" 14000 -56/310 -33/-77 300 85 -..• ...••• - ..- - White 24BP4 

27AP4  Electrostatic-Magnetic Ki  Fig. 43 6.3 0.6 Television 27" 15000 -60/300 -33/-77 300 85 - - - - White 27AP4 

902•  

pe 

Electrostatic Cathode-Ray Fig. 1 6.3 0.6 Oscillograph 2" 600 150 - 60 - - 350 - 0.19 0.22 --- Green 902 

903 , Electromagnetic Cathode-Roy 6A1. 2.5 2.1 Oscillograph 9" 7000 1360 -120 250 - ....• ...- - - - Green 903 

904 Electrostatic-Magnetic Cathode-Roy Fig. 3 2.5 2.1 Oscillograph 5" 4600 970 - 75 250 --.- 4000 -- 0.09 -.-- - Green 904 

905 1 Electrostatic Cathode-Ray Fig. 6 2.5 2.1 Oscillograph 5" 2000 450 - 35 --•-• -.-- 1000 - 0.19 0.23 - Green 905 

907 Electrostatic Cathode-Ray Fig. 6 2.5 2.1 Oscillograph 5" Characteristics same as Type 905 - - -• Blue 907 

908 1 Electrostatic Cathode-Ray 7AN 2.5 2.1 Oscillograph 3" Characteristics same as Type 3AP1/906P1 - - - Blue 908 

908-A Electrostatic Cathode-Ray 7CE 2.5 2.1 Oscillograph 3" 
1500 430 - SO •-- 500 -• 0.223 0.233 - 

Blue 908-A 
1000 287 - 33 - 500 - 0.334 0.348 - 

909 , Electrostatic Cathode-Ray Fig. 6 2.5 2.1 Oscillograph 5" Characteristics tarns as Type 905 - - - 5Iue 909 

910 , Electrostatic Cathode-Ray 7AN 2.5 2.1 Oscillograph 3" Characteristics same as Type 3AP1/906P1 -- --. -- Blue 910 

911 , Electrostatic Cathode-Ray 7AN 2.5 2.1 Oscillograph 3" Characteristics same as Type 3AP1/906P1 -'-• - - Green 911 

912 Electrostatic Cathode-Ray Fig. 8 2.5 2.1 Oscillograph 3" 10000 2000 - 66 250 - 7000 - 0.041 0.051 -- Green 912 

913 Electrostatic Cathode-Ray Fig. 1 6.3 0.6 Oscillograph 1" 500 100 - 65 -. --• 250 --• 0.07 0.10 -•-• Green 913 

914 1 Electrostatic Cathode-Ray Fig. 12 2.5 2.1 Oscillograph 9" 7000 1450 - 50 250 ••-•- 3000 -- 0.073 0.093 - Green 914 

1800 , Electromagnetic Kinescope 6AL 2.5 2.1 Television 9" 6000 1250 - 75 250 ..- - - - -. - Yellow 1800 

1801 , Electromagnetic Kinescope Fig. 13 2.5 2.1 Television 5" 3000 450 - 35 - - --.» ---. -. -..-. -»-. Yellow 1801 

1816P4-A Electromagnetic Ki pe Fig. 65 6.3 0.6 Monitor 10" 9000 - 63 250 - -- - - - - White 1816P4-A 

2001 Electrostatic Cathode-Ray 4AA 6.3 0.6 Oscillograph 1" Characteristics essentially same as 913 2001 

2002 Electrostatic Cathode-Ray Fig. 1 6.3 0.6 Oscillograph 2" 600 120 -----0.16 0.17 -- Green 2002 

2005 Electrostatic Cathode-Ray fig. 1 4 2.5 2.1 Television 5" 2000 1000 - 35 200 - - -- 0.5 0.56 - - 2005 

24-Xti Electrostatic Cathode-Ray Fig. 1 6.3 0.6 Oscilloscope 2" 600 120 - 60 - - - .-- 
.... 

0.14 

• • • 

0.16 - Blue 24-XH 

I Between Anode No. 2 and any deflecting plate. 
'Grid No. 4 voltage. 

,D.c. Volts/in. 
, Cathode connected to Pin 7. 

Iscontinue. 
°In mns./volt d.c. 

upers . 
Blon-trap gausses. 



I MDLE Ai MINIM I 'JAC flC5CI V AI. I SOLIGe•- • , V0111111/0.• 

Type Name Base 
Socket 
Connee- 
H ens 

Fil. or Heater Capacitance µadd. 

Use 
Plate 

Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Tr  
ductance 
Micromhos 

Amp. 
Factor 
, 

Load 
Rubistance 
Ohms 

n 
Power 
Output 
Watts 

Prototype 

2SR7GT 

Volts Amp. In Out Peal:" 

12I1F6 Duodiode Triode B. 7BT1123 0.15 1.8 1.1 2.00 Class-A Amp. 250 - 9 - 9.5 - 

12BN7 Dual Triode B. 9A 
0.6 

Closs-Aa Amp. 250 - 9.5 -- - 6SN7GT 
0.3 

12810 Duodiode Triode B. 7B1 12.6 0.15 -..- - Class-Al Amp. 250 - 2 1.2 -- --

1211N6 Gated-beam Disc. B. 7DF 12.6 0.15 4.2 3.3 .004 FM Disc. 
12BT6 Duodlode Triode 8. 7BT 12.6 0.15 - •-•- -.- Class-Ai Amp. 
12BU6 Duodiode Triode 8. 7BT 12.6 0.15 -...-. -..- -• Class-Aa Amp. 

12BY7 Sharp Cut-off Pentode B. 9BF 
12.6 0.3 

10.7 4.0 0.063 Class-A Amp. 
6.3 0.6 

128Z7 Dual Triode B. 9A 
12.6 0.15 

6.5 0.7 ..45 Class-Al Amp!, 
I 6.3 0.3 

19A05 Beam Pentode B. 78Z 18 9 0.15 - --- - Class-A Amp. 

19C8 Triple-Diode Triode B. 9E 18.9 0.15 - - 
Class-Aa Amp. 

Diode 
19J6 Twin Triode B. 7BF 18.9 0.15 2.0 0.4 1.5 Class-Aa Amp. --. 

19T8 Triple-Diode Triode B. 9E 18.9 0.15 1.5 1.1 2.4 Class-Aa Amp. l 
19V8 Triple-Diode Triode B. 9AH 18.9 0.15 - - - Characteristics same as6V8 - 

258K5 
26A6 

Beam Power Amp. B. 980 25 0.3 13 5.0 0.6 Class-Al Amp. 

- 
- 250 3.5/10 33/37 100000 8500 - 6500 3.5 - 

Remote Cut-off Pentode 8. 7BK 26.5 0.07 6.0 5.0 .0035 Class-Aa Amp. 250 125* 1  1. 
268K6 Duediode Triode B. 7BT 26.5 0.07 - - - Class-Al Amp. 
26C6 Duplex-Diode Triode . 7BT 26.5 0.07 1.8 1.4 2 Class-Al Amp. 

26CG6 Sarni-Remote Cut-off 
Pentode 

B. 7BK 26.5 0.07 5.0 5.0 0.008 Class-At Amp. 250 - 8 150 2.3 9.0 720000 2000 - - -.. 

2606 Pentagrid Converter 8. 7CH 26.5 0.07 Ose. Grid 20000 ii Converter 250 - 1.5 100 7.8 3.0 1000000 475 - -. - -...... 

3585 Beam Power Amplifier B. 78Z 35 0.15 11 6.5 0.4 Class-A1 Amp. 110 - 7.5 110 73 41 3 5800 40 3 2500 1.5 35L6GT 

35C5 Beam Power Amplifier B. 7CV 35 0.15 12 6.2 0.57 Class-At Amp. 110 - 7.5 110 3/7 40/41 - 5800 2500 1.5 - 

5085 Beam Power Amplifier B. 7BZ 30 0.15 13 6.5 0.50 Class-A Amp. 110 - 7.5 110 4.0 49.0 14000 7500 3000 1.9 SOL6GT 

5005 Beam Power Amplifier B. 7CV 50 0.15 ...- ...... ... Close-Ai Amp. 110 - 7.5 110 4/8.5 49/50 10000 7500 2500 1.9 -, 

5590 Pentode B. 780 6.3 0.15 3.4 2.9 0.01 Class-Ai Amp. 90 820* 90 1.4 3.9 300000 2000 - - - 

5591 R.F. Pentode B. 7BD 6.3 0.15 3.9 2.85 0.01 Class-At Amp. 180 200* 120 2.4 1.7 690000 5100 3500 -- - - 

5654 Sharp Cut-off Pentode B. 780 6.3 0.175 4 2.9 0.02 Class-Al Amp. 120 200* 120 2.5 7.5 340000 5000 - 

5656 Double Tetrode B. 9F 6.3 0.4 3.6 1.5 0.06 Class-Al Amp." 150 - 2 120 2.7 15 60000 5800 - -. 

5670 Dual Triode B. 8CJ 6.3 0.35 2.2 1.0 1.3 Class-Al Amp. 150 240* •- --«.- 8.2 - 5500 35 - --- 7F8 

5686 Power Pentode B. Fig. 29 6.3 0.33 6.4 4.0 0.11 Class-Al Amp. 250 -12.5 250 5 27 - 3100 - 9000 2.7 

5687 Dual Triode B. 9H 
12.6 0.45 

4 0.45 3.1 Class-A Amp. 
250 -12.S - 16 4000 4100 16.5 -- - 

6.3 0.9 120 - 2 34 2000 10000 20 

5722 Noise Generating Diode B. SCB 2/5.5 1.6 - 1.5 - Noise Generator 200 .--- --• - 35 -   

5725 Semi remote Cut-off 
Pentode 

B. 7CM 6.3 .175 ----• ••••-- - Class-Ai Amp. 120 - 2 120 3.5 5.2 - 3200 - --.--

5726 Twin Diode B. 681 6.3 0.3 - 3.2 - Rectifier Maximum a.c. voltage per plate = 117; Maximum d.c. Ma. per plate = 9. 

5749 Remote Cut-off Pentode B. 7BK 6.3 0.30 5.5 5.0 .0035 Class-At Amp. 250 oil 100 4.2 11 1 Meg. 4400 -• - 

5750 Pentagrid Converter B. 7CH 6.3 0.30 Osc. Grid 200001 Converter 250 - 1.5 100 7.5 2.6 1 Meg. 475 0.5 10 

5751 Dual Triode B. 9A 12.6 .175 - -- - Class-Al Amp. 250 - 3 - 1.1 58000 1200 70 - 12SL7GT 

5755 Double Triode B. 9J 
12.6 0.18 

D.C. Amp. 310 150K* - •-•-.- 0.15 140000 500 70 900000 - 
6.3 0.6 

5812 Beam Pentode B. 7C0 6.3 0.65 9 7.4 0.2 Class-Al Amp. 250 -23 230 1.8 40 55000 4100 - - 

5814 Dual Triode B. 9A 
6.3 0.35 

1.6 0.5 1.5 Class-Ai Amp. 250 - 8.5 -•-•• .--* 10.5 6250 2200 19.5 -.-. 123N7GT 
12.6 .175 

5842 Triode B. 9V 6.3 0.3 9.0 0.48 1.8 Class-Al Amp. 150 67 26 1800 24000 43 --•-- - 



TABLE XI-MINIATURE RECEIVING TUBES-Continued 

Type Neme Base 
Socket 
Comm- 
dons 

Fil. or Heater Capacitance µdd. 
Use 

Plate 
Supply 
Volts 

Grid 
8 os 
' 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 

Micromhos 

Amp. 
Factor 

i 

Load 
Resistance 
Ohms 

Power 
Output 
Waits 

Prototype 
Volts A11111. In Out Plc" - 

Grid 
5844 Twin Triode B. 78E 6.3 0.3 2.4 0.5 2.7 Class-At Amp. 100 470* -••.- 4.8 7950 3400 27 -••- - 6J6 
5845 Double Triode B. SCA 4.3 0.435 - -- --- Noise Generator 300 (Plates tied together) 600000 - ---
5847 Sharp Cut-off Pentode B. 9X 6.3 0.3 7.1 2.9 0.04 Class-At Amp. 160 - 8.5 160 4.5 -- -,-. 12500 - - -. - 
5879 Sharp Cut-off Pentode B. 9AD 6.3 0.15 2.7 2.4 0.11 Class-At Amp. 250 - 3 100 0.4 1.8 2 Meg. 1000 - -- - ..-.. 5910 Sharp Cut-off Pentode B. 6AR 1.4 0.03 3.6 7.5 0.008 Class.At Amp. 90 o 90 0.45 -- 1.5 Meg. 900 - --- - - 
5915 Dual Control Sharp 

Cut-off Heptode B. 701 6.3 0.3 7.2 8.6 0.3 Switch 30 - 5.3 75 8.25 6 - 

5963 Dual Triode B. 9A 12.6 0.15 
1.9 - 1.5 Class-At Amp. 67.5 0 ....., .... 7t 7850 2800 22 -•• - - 6.3 0.3 

3964 Dual Triode B. 7BF 6.3 0.45 2.1 ---• 1.3 Class-At Amp. 100 50* - - 9.51 6500 6000 39 ....... ..-..- .... 

6005 Beam Power Amplifier B. 7BZ 6.3 0.45 - ------ Class-At Amp. 250 -12.5 250 4.3/7 45/47 52000 4100 - 5000 4.5 
Class-AB,' 250 -15 250 5/13 70/79 60000 3750 - 10000 10 

6072 Lo-Noise Twin Triode B. 9A 6.3 0.35 1.4 0.5 1.4 Class-At Amp. 250 - 4.0 -t- -•• 3.0 25000 1750 44 - - 12AY7 
6135 Med.-Mu Triode B. 6BG 6.3 0.175 1.5 0.7 1.4 Class-At Amp. 250 - 8.5 •••••• 10.5 7700 2200 17 - - 6C4 
6136 Sharp Cut-off Pentode B. 7BK 6.3 0.3 6.0 5.0 0.0035 Class-At Amp. 250 68* 150 4.3 10.6 1000000 5200 ...- - - 6AU6 
6201 Uhf. Triode B. 9A 6.3 0.3 2.3 0.4 1.6 Class-At Amp. 250 200* tt- 10 10900 5500 60 ---.• -- 12AT7 

9001 Sharp Cut-off Pentode B. 7PM 6.3 0.15 3.6 3.0 0.01 Class-A Amp. 250 - 3. 0 100 0 . 7 2 . 0 1 me g. ± 1400 - - - - 
Mixer 250 - 5.0 100 Ose. peak voltage 4 volts 550 - 

- 
- 

9002 Triode Detector, 
Amplifier, Oscillator B. 7TM 6.3 0.15 1.2 1.1 1.40 Class-A Amp. 

250 - 7.0 - --.. 6.3 11400 2200 23 -•• - - 
90 - 2.3 - - 2.3 14700 1700 25 - - 

9003 Remote Cut-off Pentode B. 7PM 6.3 0.15 3.6 3.0 0.01 Class-A Amp. 250 - 3.0 100 2.7 6.7 700000 1800 - - 
Mixer 250 -10.0 100 Ose. peak voltage 9 volts 600 - 

9006  U.h.f. Diode B. 6BH 6.3 0.15 -- - -- Detector Max. a.c. voltage-270. Max. d.c. output current-S ma. - 
Si Oscillator gridleak ohms. 
*Cathode resistor-ohms. 
'Per Plate. 
Maximum-signal current for full-power output. 

Value are for two tubes in push-pull 
Unless otherwise noted. 
No signal plate ma. 

@Effective plate-to-plate. 
7 Triode No. 1. 
'Triode No. 2. 

TABLE XII- SUB-MINIATURE TUBES 

Grid No. 2 led to plate and Na. 3 to cathode. 
10 Oscillator g id current Ma. 
II Values for each section. 
',Between Gi and G. 

Type Name 

Power 

Socket Fil. or Heater Capacitance med. 
Use 

Plate 
Supply 
Volts 

Grid .itts 
" 

Screen 
vol .. 

'' 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

Amp. 
Factor 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Ty pe 
Base   C - 

lions Volts Amp. In Out te:tu . 

lACS Pentode Bs. Fig. 14 1.23 0.04 Class-At Amp. 67.5 -4.5 67.5 0.4 2.0 150000 750 25000 0.05 lACS 
1AD4 Pentode t 2 1.25 0.1 4.5 4.5 0.01 Class-At Amp. 45 o 45 0.8 3.0 500000 2000 - ..... lAD4 
lADS Sharp Cul-off Pentode Be. Fig. 16 1.23 0.04 1.8 2.8 0.01 Class-At Amp. 67.5 0 67.5 0.75 1.85 700000 735 ---, - lADS 
1AES Heptode 1 2 1.25 0.06 4.9 2.1 4.0 Mixer 45 o 45 2.0 0.9 200000 200 ---- -. -t- 1 AES 
IC8 Heptode -..- 1.25 0.04 6.5 4.0 0.25 Converter 30 0 30 0.75 0.32 300000 100 - - -t- 1C8 
103 Triode 1 2 1.25 0.3 1.0 1.0 2.6 Class-A Amp. 90 -5 -- - 12.5 - 3400 8.7 - - 103 
1E8 Pentogrid Converter Bs. Fig. 27 1.25 0.04 6 -- - Converter 67.5 0 67.5 1.5 1.0 - 150 -•••• - -.. 1E8 
156 Diode Pentode Bs. IDA 1.25 0.04 - - Detector Amp. 67.3 0 67.5 0.4 1.6 400000 600 -..- .... 1S6 - 
IT6 Diode-Pentode Bs. Fig. 28 1.25 0.04 - .. Class-At Amp. 67.5 0 67.5 0.4 1.6 400000 600 -, -•••• IT6 - 
lys Audio Pentode 1 2 1.25 0.04 - - - Class-A, Amp. 67.5 -4.5 67.5 0.4 2.0 150000 750 - 25000 0.05 1VS 
1W5 Sharp Cut-off Pentode 1 - 1.25 0.04 2.3 3.5 0.01 Class-Al Amp. 67.5 0 67.5 0.75 1.85 700000 735 - «.. 1WS 

2115 Twin Triode 1 - 1.2 

2.4 

0.26 

0.13 
0.8 0.8 1.2 Class-A Amp. 90 -1 ---. 2.6 18700 1150 21.5 ..- •- 2BS 

2E31 R.F. Pentode I 2 1.25 0.05 Class-At Amp. 22.3 0 22.5 0.3 0.4 - 
- 
500 - 2E31 

2E32 R.F. Pentode I 2 1.25 0.05 Class-A Amp. 22.5 0 22.5 0.3 0.4 350000 500 - - - 2E32 
2E35 Audio Pentode I 1 1.25 0.03 Class-At Amp. 22.5 0 22.3 0.07 0.27 - 385 - - 0.0012 2E35 



TABLE XII- SUB-MINIATURE TUBES- Continued 

Type Name Base 
Socket 
Connec- 
None 

Fit. or Heater Capacitance jamfd. Plate 
Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 

Micromhos 
Amp. 
Factor 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type s, . 
.02t* 

. 
2.2n1D. In Out Pluto- 

Grid 
Use 

2E36 Audio Pentode 1 s 1.25 0.03 Class At Am p 22.5 0 22.5 0.07 0.27 220000 383 - 150000 0.0012 
2E36 

45 -1.25 45 0.11 0.45 250000 500 - 100000 0.00 
2E41 Diode Pentode 1 2 1.25 0.03 --. - - Detector Amp. 22.5 0 22.5 0.12 0.35 -'" - - 2E41 
2E42 Diode Pentode l s 1.25 0.03 Detector Amp. 22.5 0 22.5 0.12 0.35 230000 375 - 1 meg. - 2E42 
2021 Triode Heptode , 

2 1.25 0.05 - - --• Converter 22.5 -• 22.5 0.2 0.3 yg -, - 2021 
2022 Converter 1 

2 1.23 0.05 Converter 22.5 0 22.5 0.3 0.2 500000 60 - - - 2022 
6AD4 Triode Is. 2 6.3 0.15 2.8 3.2 1.31 Class-At Amp. 100 820* -• 1.4 26000 2700 70 - - 6AD4 
6AZ5 

-6BAS 

Dual Diode 1 1 6.3 0.15 -- -- - Rectifier Max. c.c. volts-150. Peak inverse volts-420. Peak Ma.-24. Av. Mo.- 4.0 6AZ5 
Pentode 1 2 6.3 0.15 4.0 6.5 0.19 Class-At Amp. 100 270* 100 1.25 4.8 150000 3300 - 61A5 

61IF7 Dual Triode Bs. WO 6.3 0.3 2.0 1.6 1.5 R.F. Amp. 100 100* -• 8.0 7000 4800 35 .., - 6BF7 
61G7  Dual Triode Be. IDO 6.3 0.3 2.0 1.6 1.5 R.F. Amp. 100 100* ..- 8.0 7000 4800 35 - - 61G7 
6K4 Triode I 2 6.3 0.15 2.4 0.8 2.4 Class At Amp. 200 680* ... 11.5 4650 3450 16 - - 6K4 
1247 Diode 1 2 0.7 0.065 -- -•• - R.F. Probe Max. a c. volts-300 r.m.s. D.C. plate current-0.4 Ma. 1247 

CK501 Pentode Voltage Amplifier -1 2 1.25 0.033 --• - Class-A Amp. 
30 0 30 0.06 0.3 1000000 325 

- - CK501 45 -1.25 45 0.055 0.28 1 500000 300 
CK502 Pentode Output Amplifier - , 2 1.25 0.033 -• -rv- Class-A Amp. 30 0 30 0.13 0.35 500000 400 60000 0.003 CK502 
CK503 Pentode Output Amplifier i 2 1.25 0.033 -,•• - - Class-A Amp. 30 o 30 0.33 1.5 150000 600 20000 0.006 CK503 
CK304 Pentode Output Amplifier - l 2 1.25 0.033 -.- - - Class-A Amp. 30 -1.25 30 0.09 0.4 500000 350 60000- 0.003 cKso4 
CK505 Pentode Voltage Amplifier - , 0.625 0.03 -..-- - - Class-A Amp. 

30 0 30 0.07 0.17 1100000 140 
,---, ,- CK505 

45 -1.25 45 0.08 0.2 2000000 130 
CK506 Pentode Output Amplifier - l 1.25 0.05 -.--, - - Class-At Amp. 45 -4.5 45 - 0.4 1.23 120000 500 30000 0.025 CK506 
CK507 Pentode Output Amplifier - 1 J 1.25 0.05 - -.-- - Class-At Amp. 45 -2.5 43 0.21 0.6 360000 500 - 30000 0.010 CK507 
CK509 Triode Voltage Amplifier -  i s 0.625 0.03 -r- - - Class-A Amp. 43 o - - 0.15 150000 160 16 1000000 - CK509 
CK510 Dual Space-Charge Tetrad. - t 2 0.625 0.05 - - - Class-A Amp. 45 0 0.2 200 ma 60 tscx 500000 65 32.5 - - CKSIO 
CK512 Low Microphonic Pentode ' 2 0.625 0.02 - •-•- - Voltage Amp. 22.5 0 22.5 0.04 0.125 - 160 - - - CK412 
CK515BX Triode Voltage Amplifier -  i 2 0.625 0.03 -•- - - Class-A Amp. 45 0 - - 0.15 - 160 ' 24 1000000 •- CK515BX 
CK520AX Audio Pentode 1 

2 0.625 0.05 - - - Class-Al Amp. 45 -2.5 45 0.07 0.24 180 - - 0.0045 CK520AX 
CK521AX Audio Pentode 1 2 1.25 0.05 -•-•-- - Class-At Amp. 22.5 -3 22.5 0.22 0.8 -.a- 400 - 0.006 CK521AX 
CK522AX Audio Pentode 1 2 1.25 0.02 - - -  Clase-At Amp. 22.5 0 22.5 0.08 0.3 --. 450 - - 0.0012 CK522AX 
CK523AX Pentode Output Amp. i -- 1.25 0.03 -. •-• -- Class-A Amp. 22.5 -1.2 22.5 0.075 0.3 360 - - 3.0025 CK523AX 
CK524AX Pentode Output Amp. 1 -..- 1.25 0.01 - -... - Class-A Amp. 15 -1.75 15 0.125 0.45 300 -..-» 0.0022 CK524AX 
CK525AX Pentode Output Amp. 1 -. 1.25 0.2 ••••••••• - - Class-A Amp. 22.5 -1.2 22.3 0.06 0.25 325 - 0.0022 CK525AX 
CK526AX Pentode Output Amp. 1 - 1.25 0.2 - - - Class-A Amp. 22.5 -1.5 22.5 0.12 0.45 - 400 ••••••• - 0.004 CK526AX 
CK527AX Pentode Output Amp. 1 .- 1.25 0.013 - - •-- Class-A Amp. 22.5 0 22.5 0.025 0.1 - 75 - - 0.0007 CIC527AX 
CK529AX Shielded Output Pentode 2 1.25 0.02 - -. - Class-A Amp. 15 -1.3 13 0.05 0.2 - 273 - - 0.0012 CK529AX 
CK551AXA Diode Pentode 1 2 1.25 0.03 - - .- Detector-Amp. 22.5 0 22.5 0.04 0.17 - 235 - - - CK551AXA 
CK553AXA R.F. Pentode 2 2 1.25 0.03 -- - - Class-At Amp. 22.5 0 22.5 0.13 0.42 - 550 - - - CK553AXA 
CK556AX U .h.f. Triode 1 2 1.25 0.125 - - -., R.F. Oscillator 135 -5 - - 4.0 -- 1600 - - - CK556AX 
CK5611AX U.h.f. Triode 1 2 1.25 0.07 - -- - R.F. Oscillator 135 -6 ---- - 1.9 --a. 650 - - - CK568AX 
CK569AX R.F. Pentode t 2 1.25 0.05 - --••• - Class-At Amp. 67.5 0 67.5 0.48 ' 1.8 - 1100 - - - CK569AX 
CK605CX Sharp Cut-off Pentode 1 .--- 6.3 0.2 - - ---, Class-A Amp. 120 -2 120 2.5 7.5 - 5000 - - - CK605CX 
CK606BX Single Diode t 

2 6.3 0.15 - - - Detector 150 a.c. - --. - 9.0 d.c. - - - - - CK606BX 
CK6011CX 

CK619CX 

U.h .f. Triode t 2 6.3 0.2 - - - 500-Mc. Osc. 120 -2 - -- 9.0 - 5000 - - 0.75 CK608CX 
HI-Mu Triode t • 6.3 0.2 - -- - Class-At Amp. 250 -2 - - 4.0 4000 - ---•, ---- CK619CX 

CK624CX Sharp Cut-off Pentode t - 6.3 0.2 - - - Class-A Amp. 120 -2 120 3.5 5.2 -, 3000 - -• CK624CX 
CK650AX Sharp Cut-off Pentode 1 2 6.3 0.2 - - Class-At Amp. 120 -2 120 2.5 7.5 - 5000 - - - CK650AX 
CK5672 Pentode Output Amp. 1 ,.-» 1.25 0.05 - Class.A Amp. 67.5 -6.25 67.5 1.0 2.75 625 - 0.06 CK5672 
HY113 
HY123  Triode Amplifier - 1 SK 1.4 0.07 - ... - Class-A Amp. 45 -4.5 - 0.4 25000 250 6.3 40000 0.0065 

HY113 
HY123 



TABLE XII- SUB-MINIATURE TUBES-Continued 

Type Nome Base 
Socket 
Comae- 

lieu 

Fil. or Heater Capacitance mpfd. 
Use 

Plate 
Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

Amp. 
Factor 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 
Volts Amp. In Out Plate- 

Grid 

HY115 
HY145 Pentode Voltage Amplifier -1 5K 1.4 0.07 - - - Class-A Amp. 45 

90 
-1.5 
-1.5 

22.5 
45 

0.008 
0.1 

0.03 
0.48 

5200006 
1300000 

58 
270 

300 
370 - -... 

HY115 
HY145 

HY125 
HY155 Pentode Power Amplifier - 1 51( 1.4 0.07 - - - Class-A Amp. 45 

90 
-3.0 
-7.5 

45 
90 

0.2 
0.5 

0.9 
2.6 

825000 
420000 

310 
450 

255 
190 

30000 
28000 

0.0115 
0.09 

HY125 
HY155 

M54 Tetrode Power Amplifier 1 t 0.625 0.04 -- - - Class-A Amp. 30 0 30 0.06 0.5 130000 200 26- 35000 0.005 M54 
M64 Tetrode Voltage Amplifier 1 2 0.625 0.02 - - - Class-A Amp. 30 0 -. - 0.03 200006 110 25 - - M64 

1,7A74 Tetrode Voltage Amplifier + 2 0.625 0.02 - -- - Class-A Amp. 30 o 7.0 0.01 0.02 500000 125 70 - - M74 

BK61 Gas Triode 1 1 1.4 0.05 I=1 - Radio Control 45 --- - -+ 1.5 - - - RK61 

50917A 
5637 Triode 1 2 6.3 0.15 2.6 0.7 1.4 Class-A; Amp. 100 820. - - 1.4 26000 2700 70 _ _ 

SD917A 
5637 

5-0828A 
5638 Audio Pentode 1 2 6.3 0.15 4.0 3.0 0.22 Class-A; Amp. 100 270* 100 1.25 4.8 150000 3300 - -- 

50828A 
5638 - 

SD828E 
5634 Sharp Cut-off Pentode 1 6.3 0.15 4.4 2.8 0.01 Class-A1 Amp. 100 150* 100 2.5 6.5 240000 3500 - - 

50828E 
5634 - 

SN944 
5633 Remote Cut-off Pentode 1 - 6.3 0.15 4.0 2.8 0.01 Class-Al Amp. 100 150* 100 2.8 7.0 200000 3400 -- - -.- 

SN944 
5633 

--. SN946 Diode 1 2 6.3 0.15 1.8 - - Rectifier 150 - - - 9.0 - - -. - 5,046 

SN947D 
5640 Audio Beam Pentode 1 2 6.3 0.45 ••••-• Class-A; Amp. 100 -9 100 2.2 31.0 15000 3000 3000 1.25 

SN947C 
5640 - 

SN948C Voltage Regulator 1 .-.-.. - - - - - Regulator Operating voltage = 95; Max. current = 25 Ma. SN948C 

5N9530 Power Pentode 1 .--, 6.3 0.13 9.5 3.8 0.2 Class-A Amp. 150 100* 100 4/7.5 21/20 50000 9000 - 9000 1.0 SN953D 

5N954 
5641 v Half-Wae Rectifier I 2 6.3 0.45 - - - Rectifier 300 - - - 45.0 - --- - - - 

SN954 5641 

SN9558 Dual Triode 1 2 6.3 0.45 2.8 1.0 1.3 Class-Aa Amp. , 100 100• - - 5.5 8000 4250 34 - --. 5149558 

5149568 
5642 H.V. Half-Wave Rectifier - 1.25 0.14 - -... ,..-. H.V. Rectifier Peak invorse V. = 10000 Max. Average 1p = 2 Ma. Peak ip = 23 Ma. SN95613 

5642 

SN957A 
5645 

Triode 1 2 6.3 0.15 2.0 1.0 1.8 Class-Al Amp. 100 560* - - 5.0 7400 2700 20 --. -.. SN957A 
5645 

5N1006 Triode I 2 6.3 0.15 Class-Al Amp. 100 820* -• - 1.4 29000 2100 70 --- --.. SN1006 

SN10078 Mixer 1 ...• 6.3 0.15 5.0 2.8 0.003 Mixer 100 150* 100 5.0 4.0 230000 900 --• - - SN10078 

5635 Dual Triode Is. MI5 6.3 0.45 2.6 1.6 1.2 Class-A Amp., 100 100* - - 4.8 10000 3800 38 -- - 5635 

5636 Pentode Mixer Bs. 8DC 6.3 0.15 4.0 1.9 0.034 Class-A Amp. 100 150* 100 4.0 5.6 110000 3200 - - - 5636 

5639 Video Pentode 1 IIDL 6.3 0.45 9.5 7.5 0.10 Class-At Amp. 150 100* 100 4.0 21 50K 9000 - 9000 1.0 5639 

5641 Single Diode 1 60 6.3 0.45 - --.. +- H. W. Rectifier 235 volts a.c. max.; 45 Ma. d.c. output. 5641 

5643 Tetrode Th yeatron 1 801:1 6.3 0.15 1.7 1.6 0.1 
Relay Tube Grid 
Contr. Rect. Peak anode volts = 500; Inv. volts = 500; Peak I', = 100 Ma.; Avg. = 22 Ma. 5643 

5644 Cold Cathode Diode 1 4CN .--= •-.-- - - =--- Voltage Reg. 
Starting voltage = 125 max. d.c. Operating voltage =95. 
Operating current = 5-25 Ma. Regulation =4 volts approx. 5644 

5646 Triode 1 - 6.3 0.15 2.4 3.4 1.2 Class-A Amp. 100 820* -- -- 1.4 29000 2400 70 1 - --- 5646 

5647 Single Diode 1 81 6.3 0.15 2.2 - -.--- H. V:. Rectifier 150 volts a.c. max; 9 Ma. d.c. output. 5647 

5718 U.h.f. Medium-Mu Triode 1 SDK 6.3 0.15 2.2 0.7 1.4 
Closs-A; Amp. 150 180* - - 13 4150 I 6500 I 27 I - - 

5718 
U.h.f. Oscillator 150 -12 Fmc. =500 20 19 = 3.7 Ma. 0.9 

5719 Hi-Mu Triode 1 80K 6.3 0.15 2.4 0.6 0.7 Class-A; Amp. 150 680* - -- 1.7 26000 2700 70 - - 5719 

5840 U.h.f. Sharp Cut-off Pont. 1 8DL 6.3 0.15 4.2 4.0 0.015 Class-A1 Amp. 100 150* 100 2.4 7.5 230K 5000 - - --- 5840 

5896 U.h.f. Dual Diode 1 8DJ 6.3 0.3 3.0 - - Dot-Rectifier 150 volts a.c. max.; 9 Mo. d.c. output per plate. 5896 

5897 i U.h.f. Medium-Mu Triode 1 8DK 6.3 0.15 2.2 0.7 1.4 
Class-A; Amp. 150 150* .... 13 4150 6500 27 .--- --.-+ 

5897 
U.h.f. Oscillator 150 -12 --- - 20 Ig = 3.7 Ma. Fmc. = SOO. 0.9 

5898 Hi-Mu Triode 1 8DK 6.3 0.15 2.4 0.6 0.7 Class-A; Amp. 150 680* --•••• - 1.7 26000 2700 70 - - 5898 
5899 U.h.f. Semi-Remote Pent. 1 8DL 6.3 0.15 4.4 4.0 0.015 Class-Al Amp. 100 120* 100 2.2 7.2 260K 4300 - - - 5899 
5900 U.h.f. Semi-Remote Pent. 1 8DL 6.3 0.15 4.4 4.0 0.015 Class-Ai Amp. 100 120* 100 2.2 7.2 260K 4500 - - - 5900 

5901 U.h.f. Sharp Cut-off Pent. 1 BOL 6.3 0.15 4.2 4.0 0.015 Class-A; Amp. 100 150* 100 2.4 7.5 230K 5000 -- - •-•- 5901 

3902 Audio Beam Pentode 1 1111:2L 6.3 0.15 6.5 7.5 0.11 Class-A; Amp. 110 270* 110 2.2 30 15K 4200 - 3000 1.0 5902 



TABLE XII - SUB-MINIATURE TUBES-Continued 

TYP9 Name Base 
Socket 
Connec- 
Hon. 

Fil. or Heater Capacitance gad. 
Use 

Plate 
Supply 
Vo lts 

Grid 
. 

B "" 
Screen 

 ,, 
V en' 

Screen 
Current 
Ma. 

Plate 
Current 
Mo. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

Amp. 
. 
Facto r" 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 
Volts Amp. In Out 

Plate- 
Grid 

5903 U.h.f. Dual Diode I BOJ 26.5 0.075 3.0 - - Det.-Rectifier 150 volts a.c. max.; 9 Ma. d.c. output per plate. 5903 

5904 U.h.f. Medium-Mu Triode ' 8DK 26.5 0.045 2 .2 0.8 1.8 
Class-A l Amp. 26.5 -3.5 - - 3 3800 5000 19 -I- --- -- 

5904 

-5905 
U.h.f. Oscillator 26.5 0 - - 20 lg = 7.5 Ma. Fmc. = 400. 0.06 

5905 U.h.f. Sharp Cut-off Pent. 1 8DL 26.5 0.045 4.4 4.2 0.015 Class-At Amp. 26.5 2.28 26.5 0.9 2.3 110K 2850 - - - 

5906 U.h.f. Sharp Cut-off Pent. 1 SOL 26.5 0.045 4.2 4.0 0.015 Class-At Amp. 100 Ise 100 2.4 7.5 230K 5000 - -- -- 5906 

5907 Uhf. Remote Cut-off Pent ' 8DL 26.5 0.045 4.4 4.0 0.015 Class-At Amp. 26.5 2.28 26.5 1.1 2.7 125K 3000 -- - - 5907 

5908 U.h.f. Pentode I 8DC 26.5 0.045 4.4 4.6 0.08 
Class-Al Amp. 26.5 2.28 26.5 1.6 2.3 3DK 1750 - - - 

5908 
Mixer 26.5 2.28 26.5 1.6 1.0 WOK goo - - -. 

5916 

5977 

5987 - 

6111 -  

U.h.f. Pentode 8DC 26.5 0.045 4.2 4.0 0.015 
Class-At Amp. 100 150* 100 3.4 4.4 130K 3000 - - -. 

5916 
Mixer 100 ISO*  

270* 

100 

- 

4.6 2.5 400K 1100 - - -. 

Triode BS. 8DK 6.3 0.15 2.0 0.8 1.3 Class-A Amp. 100 --- 10-  3650 4500 16 - 
0.75 -5987 

5977 

Triode BS. 8DM 6.3 0.45 2.8 1.5 3.2 Class-Al Amp. 150 -24 - --- 22.5/28 2220 1850 4.1 3500 

Twin Triode Bs. 130G 6.3 0.3 1.9 0.3 0.009 Class-A Amp. 100 220* - - 8.5 4000 5000 20 - - 6111 

• Cathode te:istor ohms. 'No base; tinned wire leads. Leads identified on tube. 8No screen connection. Double-ended type. 

TABLE XIII - CONTROL AND REGULATOR TUBES 

Values per triode. Grid leak resistor, megohms. 

Type Name Base 
Socket 
Connec- 
titans 

Cathode 
Fil. or Heater 

Use 
Peak 
Anode 
Voltage 

Max. 
Anode I 
Ma. 

Minimum 
Supply 
Voltage 

Operating 
Voltage 

Operating 
Ma. 

Grid 
Resistor 

Tube 
Voltage 
Drop 

Ty Type 
Volts Amp. 

DA2 
6073 Voltage Regulator 7-pin B. 5110 Cold - - Voltage Regulator - -- 185 150 5-30 -,- -. 0A2 

OAS Gas Pentode 7-pin B. Fig. 33 Cold - -- Relay Or Trigger Plate-750 V., Screen -90 V., Grid-1-3 V., Pulse-85 V. OAS 

082 
6074 Voltage Regulator 7-pin B. 580 Cold - - Voltage Regulator - --- 133 108 5-30 ----. - 082 

0A4G Gas Triode 
1267 Starter-Anode Type 6-pin O . 

4V 
4V Cold - - 

Cold-Cathode Starter-Anode 
Relay Tube 

With 105-120-volt c.c, anode supply, peak s enter-anode a.c. voltage 's 70, 
peak r.f. voltage 55. Peak d.c. ma = 100. Average d.c. ma =25 

0A4G 
1267 

11147 Voltage Regulator 7-pin 8 - - - - Voltage Regulator - - 225 82 1-2 - - 1847 

1C21 
Gas Triode 
Glow-Discharge Type 6-pin 0. 4V Cold -- 

Relay Tube 
125-145 

25 66 8 
- 

73 
IC21 

Voltage Regulator 0.1 8 180 55 

2A4G Gas Triode Grid Type 7-pin O. 5S Fil. 2.5 2.5 Control Tube 200 100 - - -- - 15 2A4G 

605G 
Gas Triode Grid Type 

8-pin O. 6Ci Htr. 6.3 0.6 
Sweep Circuit Oscillator 300 300 - 1.0 0.1-10' 19 

605G 

284 5-pin M. SA Htr. 2.5 1.4 284 

2C4 Gas Triode 7-pin B. SAS Fil. 2.5 0.65 Control Tube Plate volts = 350; Grid volts = - 50; Avg. Ma. = 5; Peak Ma. = 20; Voltage drop = 16. 2C4 

2021 Gas Tetrode 7-pin B. 7BN Htr. 6.3 0.6 
Grid-Controlled Recliner 650 500 - 650 100 0.1-10' 8 

2021 
Relay Tube 400 - - - - 1.0' - 

3C23 
Gos and Mercury Vapor 

Grid Type 
4.pin M . 3G Fil. 2.5 7.0 Grid-Controlled Rectifier 1000 6000 

- 500 1500 -4.5 8 13 
3C23 

- 100 1500 -2.5 8 15 

6D4 Gas Triade 7-pin B. SAY Htr. 6.3 0.25 Control Tuba Pl.rte vous = 350; Grid vole; = -30; Avg. Ma. = 25; Peak Mc. = 100; Voltage drop = 16. 604 

17 Mercury Vapor Triode 4-pin M. 3G Fil. 2.5 5.0 Grid-Controlled Rectifier 
7500 ,, 

2000 
- - 500 200-3000 - 

17 
2500 -5 8 1000 250 - 10-24 

874 Voltage Regulator 4-pin M. 45 - - - Voltags Regulator - - 125 90 10-50 - 874 

876# Current Regulator Mogul - - - --- Current Regulator - - 40-50 1.7 - 876 

884 Gas Triode Grid Type 6-pin O. 6Q Htr. 6.3 0.6 
Sweep Circuit Oscillator 300 3t)0 - 2 25000 

884 
Grid-Controlled Rectifier 350 300 - 75 25000 

385 Gas Triode Grid Type 5-pin S. SA Hit. 2.5 1.4 Same as Typa 884 Characteristics same as Type 884 885 

886# Current Regulator Mogul - - Current Regulator - - - 40-60 2.05 - - 886 

967 Mercury Vapor Triode 4-pin M. 3G Fil. 2.5 5.0 Grid-Controlled Recliner 2500 500 -5 8 - - - 10-24 967 

991 Voltage Regulator Bayonet - - - - Voltage Regulator 87 55-E0 2.0 - - 991 

1265 Voltage Regulator 6-pin O. 4AJ Cold - - Voltage Regulator 13. j 90 5-30 - - 1265 



TABLE XIII - CONTROL AND REGULATOR TUBES- Continued 

Type Name Base 
Socket 
Connec- 
tions 

Cathode 
Fil. or Heater 

Use 
Peak 
Anode 
Voltage 

Max. 
Anode 
Ma. 

Minimum 
Supply 
Voltage 

° Pending 
Voltage 

Cl emeng 
Ma. 

Grid 
Resistor 

Tube 
Voltage 
Drop 

Type 
Volts Amps. 

1266 
_ 

Voltage Regulator 6-pin O. 4AJ Cold - - Voltage Regulator - - - 70 S-40 - - 1266 
1267 Gas Triode 6-pin 0. 4V Cold - - Relay Tube Characteristics same as 0A4G 1267 
2050 Gas Tetrode 8-pin O. 8BA Htr. 6.3 0.6 Grid-Controlled Rectifier 650 500 - - 100 0.1-10' 8 2050 
2051 Gas Tetrode 8-pin O. 8BA Ht,. 6.3 0.6 Grid-Controlled Rectifier 350 375 - - 75 0.1-10 3 14 2051 
2523N1/ 
128AS Gas Triode Grid Type 5-pin M. SA Htr. 2.5 1.75 Relay Tube 400 300 - 1.0 300 3 13 2523N1/ 

128AS 
5651 Voltage Regulator 7-pin B. 580 Cold - - Voltage Regulator 115 - 115 87 1.5-3.5 - - 5651 
5663 Tetrad,. Thyralron 7-pin B 7CE Htr. 6.3 0.15 Control and Relay Max. peak Inv. volts = 500; Peak Ma. = 100; Avg. Ma. = 20. 5663 
5727 Gas Tetrode 7-pin B. 7BN Htr. 6.3 0.6 Grid-Controlled Rectifier 650 500 - 650 100 0.1 3 8 5727 

5823 Gas Triode 7-pin B. 4CK Cold - - Relay or Trigger Max. peak inv. volts = 200; Peak Ma. = 100; Avg. Ma. = 25. 5823 

5962 Voltage Regulator 7-pin B. 2AG Cold - - Voltage Regulator - - 730 700 5/55 10 - - 3962 

KY21 Gas Triode Grid Type 4-pin M. -  Fil. 2.5 10.0 Grid-Controlled Rectifier •--- - - 3000 500 - --- KY2I 

RK6I Thyratron -... -...... Fil. 1.4 0.05 Radio-Controlled Relay 45 1.5 30 -• 0.5-1.3 37 30 RK6I 

RK62 Gas Triode Grid Type 4-pin S. 4D Fil. 1.4 0.05 Relay Tube 45 1.5 - 30-45 0.14.5 - 15 RK62 

RM208 Permatron 4-pin M. -  Fil. 2.5 5.0 Controlled Rectifier 1 7500 1 1000 - --•-•• -=•••• - 15 RM208 

RM209 Permatron 4-pin M. -  Fil. 5.0 10.0 Controlled Rectifier' 75007 5000 - ---, - - 15 RM209 

0A3/VR75 Voltage Regulator 6-pin O. 4AJ Cold - - Voltage Regulator ... -•-• 105 75 5-40 - - 0A3/VR75 

083/V1190 Voltage Regulator 6-pin O. 4AJ Cold - ---. Voltage Regulator - 125 90 540 - - 0113/VR90 

0C3/VR105 Voltage Regulator 6-pin O. 4AJ Cold - - Voltage Regulator - - 135 105 540 - --• 0C3/VRIOS 

OD3/VRISO Voltage Regulator 6-pin O. 4AJ Cold - - Voltage Regulator - - 185 150 540 - - 003/VR150 

KY866 Mercury Vapor Triode 4-pin M. Fig. 8 Fil. 2.5 5.0 Grid-Controlled Rectifier 10000 1000 0410 -- - - - KY866 

1For use as grid-controlled rectifier or with external magnetic 
control. RM-208 has characteristics of 866, RM-209 of 872. 

Discontinued. 

When under control peak inverse 
rating is reduced to 2500. 

At 1000 anode vo ts. , Peak Inverse voilage. 
'Grid tied to plate. t Grid. 

TABLE XIV- CATHODE-RAY TUBES AND KINESCOPES 

Megohms. 9No base. Tinned wire leads. 
3 Grid voltage. " Values in µ amperes. 

Type Name 
Socket 
C  

lions 

Heater 
Use Size 

Anode 
No. 2 

Voltage 

Anode 
No. 1 
Voltage 

Cut-Off 
Grid 

Voltage 

Grid 
No. 2 
Voltage 

Ion- 
Trap 
Ma. 

Max. 
Input 

Voltage' 

Focus 
Coil 
Ma. 

Deflection 
Sensi ivity I 

Anode 
No. 3 

Voltage 

Pattern 
Color Type 

Volts Amp. D. D2 D, D. 

2AP1 7-11 Electrostatic Cathode-Ray 11B 6.3 0.6 Oscillograph 
Television 

2,, 1000 250 - 60 -....- - 
660 - 

0.11 

0.22 

0.13 

0.26 -  Green 2API-11 500 123 - 30 - - 

28P I - 11 Electrostatic Cathode-Ray 12E 6.3 0.6 Oscillograph . 2" 
2000 300/560 -135 - - 500 .-- 270 3 174 3 - 

Green 2BP1 -11 
1000 150/280 -67.5 .- - 500 .---• 1353 47 3 - 

3AP1/ 
906-PI- 
4-5-11 7 

Electrostatic Cathode-Ray 7AN 2.5 2.1 Oscillograph 3" 

1500 430 - SO -•••=, - 

550 •-•-• 

0.22 0.23 
- 

Green 
Blue 
White 

3API/ 
906-P1-
4-5-11 

1000 283 - 33 - •••••••• 0.33 0.33 

600 170 - 20 - - 0.55 0.58 

3BP1- 
4-11 Electrostatic Cathode-Ray 14A 6.3 0.6 Oscillograph 3" 

2000 575 - 60 - -- 
330 

0.13 0.17 
Green 

3BP1-
4-11 1500 430 - 45 - - 0.17 0.23 

3DPI Electrostatic Cathode-Ray Fig, 49 6.3 0.6 Oscillograph 3" 
2000 575 - 60 - - 

550 
200 3 148 3 --

Green 3DP 1 
1500 430 - 40 --••• -• 150 3 111 3 - 

3EPI / 
1806-P1 Electrostatic Cathode-Ray 11A 6.3 0.6 

Oscillograph 
Television 

3 ,, 2000 375 - 60 -.... - 350 
0.115 0.154 

Green 3EP1/ 
1806-P1 1500 430 - 45 - 0.153 0.205 

3FP7-A Electrostatic Cathode-Ray 14B 6.3 0.6 Oscillograph 3" 4000 400/690 - 90 2000 - - - 212 3 153 , ••••• 3FP7-A 

3GP1- 
4-5-11 Electrostatic Cathode-Ray 11A 6.3 0.6 Oscillograph 3" 

1500 350 - SO -. 
550 

"- 0.21 0.24 White 
Green 
Blue 

3GPI - 
4-5-11 1000 234 - 33 - - -.-. 0.32 0.36 

3JP1- 
24-7-11 Electrostatic Cathode-Ray 14B 6.3 0.6 Oscillograph 3" 

2000 375 - 60 - -• 
550 

-=.• 0.13 0.17 4000 Green 
Blue 
White 

3.0". 

2-4-7-11 1500 430 - 45 - - - 0.17 0.23 3°°° 

3KPI-11 Electrostatic Cathode-Ray IIM 6.3 0.6 Oscillograph 3" 
1000 300 - 45 1000 - 

500 
683 136, 

Green 3KP I -11 2000 600 - 90 2000 - 52 ' 104 a 



TABLE XIV- CATHODE-RAY TUBES AND KINESCOPES- Continued 

Type Name 
Socket 
C  

- 

Heater 
Use Size 

Anode 
No. 2 

Voltage 

Anode 
No. 1 

Voltage 

Cut-Off 
Grid 

Voltage 

Grid 
No. 2 

Voltage 

Ion- 
Trap 
Ma. 

Max. 
Input 

Voltage , 

Focus 
Coil 

Deflection 

Sensitivity, 

Anode 
No. 3 

Voltage 

Pattern 
Color Type 

lions Volts Amps. Ma. D, Do D, D, 

3MPI Electrostatic Cathode-Ray Fig. 2 6.3 0.6 Oscillogroph 3" 1000 200/350 - 68 - - - - 190 3 180 3 - Green 3MP1 

3RP I Electrostatic Cathode-Ray 12E 6.3 0.6 Oscillograph 
1000 165/310 -67.5 - - - - 73/99 3 52/703 - 

Green 3RPI 3" 
2000 330/620 -13S .-».- - - -..- 146/198 3 104/1403 ---• 

5API / 
1805-P1 
SAP4 / 
1 805-P4 7 

Electrostatic Picture Tube 11A 6.3 0.6 
Oscillograph 
Television 

2000 575 - 33 
-.... 500 

0.17 0.21 ----• Green 
White 

SAP1/ 
1805-P1 
SAP4 / 
1805-P4  

5,, 

1500 430 - 27 0.23 0.28 - 

58131/ 
1802-P1- 
24-5-11 

Electrostatic Picture Tube I IA 6.3 0.6 Oscillograph 5" 
2000 450 - 40 - --, 

500 - 
0.3 0.33 Green 

White 
Blue 

SDP 1 / 
1802-P1-
2-4-5-11 1500 337 - 30 ....... - 0.4 0.45 

SCP1- 
2-4-5-7- 

II 
Electrostatic Cathode-Ray 14E 6.3 0.6 

Oscillograph 
Television 

5" 
2000 575 - 60 -•••-• - 

550 

- 0.28 0.32 4000 Whim  

Green 

Blue 

SCP1 - 
2-4-5-7.11 

1500 430 - 45 -. - 0.37 0.43 3000 

2000 575 - 60 - --- - 0.36 0.41 2000 

5FP1- 
24-11_14 Electromagnetic Cathode-Ray SAN 6.3 0.6 

Oscillograph 
Television 

5 ,, 
7000 230 - 45 -.- .-.- -... - Green 

White 
Blue 

5FP1- 
2-4-11-14 

4000 250 - 45 -.- .--. --.• -.- 

SHPI 
5HP47 Electrostatic Cathode-Ray 11A 6.3 0.6 Oscillograph 5" 

2000 425 - 40 
-. 500 

0.3 0.33 - Green 
White 

SHP1 
5HP4 1500 

310 - 30 0.4 0.44 - 

UPI- 
2-4-5-11 Electrostatic Cathode-Ray IIE 6.3 0.6 Oscillograph 5" 

2000 520 - 75 -.....• - 
500 

-.- 0.25 0.28 4000 White 
Green 
Blue 

5.1p1- 
2-4-5-11 

1500 390 - 56 -. - 0.33 0.37 3000 

SLPI- 
2-4-5-11 

Electrostatic Cohode-Ray 11F 6.3 0.6 
Oscillograph 
Television 

5" 
2000 500 - 60 -, - 

500 

- 0.25 0.28 4000 mire 

Green 

Blue 

SLP1. 
2-4-5-11 1500 375 - 45 ,- ....... - 0.33 0.37 3000 

1000 250 - 30 - - - 0.49 0.56 2000 

SMPI- 
4-5-11 Electrostatic Cathode-Ray 7AN 5' 

1500 373 - 30 •-• - 
660 

..- 0.39 0.42 White 
Green 
Blue 

SMPI-
4-5-11 1000 250 - 33 - - 0.58 0.64 

5RP1- 

2-4-7-11 Electrostatic Cathode-Ray 14F 6.3 0.6 Oscillograph 5 " 
3000 - - 90 - - 

1200 
-.... 0.12 0.12 15000 Green 

glue 25R-4P-17111 
2000 575 - 60 - •-•- - 0.18 0.18 10000 

5TP4 Projection Kinescope 12C 6.3 0.6 Television 5" 27000 4900 - 70 200 -• - -...... - ---• .-- White STP4 

SUP!. 
7-11 Electrostatic Cathode-Ray 12E 6.3 0.6 Oscillograph 5" 

2500 640 - 90 - - SOO -.. 38.3 3 
773 - Green 

Yet- 
low 
Blue 

51.1P1- 
7-11 

2500 340 - 90 -- - 500 -- 283 56 3 - 

1000 320 -- 45 - - SOO - 31 3 62 ' 

1000 170 - 45 - - 500 - 23 3 46 3 - 

SWP11 Transcriber Kinescope 12C 6.3 0.6 Television 5" 27000 5400 -42/-98 200 - - -... - - - Blue SWP11 

5WP15 Flying-Spot Cathode-Ray 12C 6.3 0.6 Vid. Sig. Gen. 3" 20000 
3000/ 
3800 -42/-98 200 - .. -.. --- - Blue 

Green SWPI 5 

SZP16 Flying-Spot Cathode-Ray Fig. 46 6.3 0.6 Vid. Sig. Gen. 5" 20000 4700 - 70 200 - - -• -• - - - SZP16 

7AP4 Electromagnetic Picture Tube SAJ 2.5 2.1 Television 7" 3500 1000 -67.5 --- - - -.....• - - -• White 7AP4 

78131- 7 
2-4-7-11 Electromagnetic Cathode-Ray SAN 6.3 0.6 

Oscillograph 
Television 

7,, 7000 250 - 45 - - 
.- - - - 

White 
Green 
Blue 

7BP1- 
2-4-7-11 4000 250 - 45 - .-- 

7CP11/ 5 
1811-P1 Electromagnetic Cathode-Ray 6AZ 6.3 0.6 Oscillograph 7" 

7000 1470 - 45 250 - - - Green  

Wn-7-DP4 

7CP1/ 
1811-PI 4000 840 - 45 250 --. - - 

7DP4 Kinescope 12C 6.3 0.6 Television 7" 6000 1430 - 45 250 -.. .-- _.„.. - - -... 

7EP4 Electrostatic Cathode-Roy 11N 6.3 0.6 Television 7" 2500 650 - 60 - - -- 110 3 95 7 .- White 7EP4 

70P4' Electrostatic Kinescope Fig. 47 6.3 0.6 Television 7" 3000 1200 - 84 3000 - - - 123 3 102 3 - White 7GP4 

7JP1 Electrostatic Cathode-Ray 14G 6.3 0.6 Oscillograph 7" 
2000 800 - 56 - -- - - 62/823 50/68' - 

Green 7JP1 
4000 1600 -112 - - -- - 124/1643 100/136- -••••• 

7JP4 Electrostatic Ki pe I4G 6.3 0.6 Television 7" 6000 2400 -168 246 3 204 3 White 7JP4 

7MP7 Electromagnetic Cathode-Ray 12D 6.3 0.6 
Oscillograph 
Radar 

7" - 7000 -27/-63 250 - - 85 - - Genish. 7t8p7 

- 4000 -27/-63 250 ,- 62 - - - Yellow 



TABLE XIV - CATHODE-RAY TUBES AND KINESCOPES- Continued 

Type Name 
Socket 
Conn« 
lions 

Heater 
Use Size 

Anode 
No. 2 

Voltage 

Anode 
No. 1 

Voltage 

Cut-Off 
Grid 

Voltage 

Grid 
No. 2 

Voltage 

Ion- 
Trap 
Ma. 

Max. 
Input 

Voltage' 

_ 

Focus 
Coil 
Ma. 

Deflection 
Sensitivity , 

Anode 
No. 3 

Voltage 

Pattern 
Color TYPe 

Volts Amps. D, D, D, D4 

7NP4 Projection Kinescope 14N 6.6 0.62 Television 7" 75000 16000/ 
18000 

-155 -400/600 - - - - - - White 7NP4 

7QP4 Electromagnetic Kinescope 12D 6.3 0.6 Monitor 7" - 912/ 
1368 

-67.5 250 -----6000 White 7QP4 

7RP4 Electromagnetic Picture Tube 12D 6.3 0.6 Television 7" --- 9000 -27/-63 250 - - 120 - ..-. .-- White 7RP4 

7TP4 7TP4 Monitor Ki  12C 6.3 0.6 Television 7" 10000 1040/ 
1400 

-22/-52 200 0/8. - -..- ......-.. - White 

7WP4 Projection Kinescope 14N 6.6 0.62 Television 7" 75000 18000 -155 400/600 - - - - - - White 7WP4 

8AP4 Electromagnetic Picture Tube 12H 6.3 0.6 -Television 8" -... 7000 -27 /-63 -.. 45. - 115 •-•-• White 8AP4 

88P4 Electrostatic Picture Tube 14G 6.3 0.6 Television 8a  
--.»... 2400 -72/-1 68 6000 ---- ---- ---- 

146/1983124/1683 
..-.- 

White 88P4 

9AP4/ 
1804-•M Electromagnetic Kinescope 6AL 2.5 2.1 Television 9 ,, 7000 1425 - 40 

250 
...-.- - ......» .... ... .- .„. 

WM.'. 
9AP4/ 
1804-P4 6000 1225 - 38 

9CP4 Electromagnetic Kinescope 4AF 2.5 2.1 Television 5" 7000 ....... -110 -... - - ......... .... .- White 9CP4-

9iPl i 
1809-P1 2500 

Electrostatic- Magnetic II Cathode-Roy8BR 2.5 2.1 grap Oscilloh 9" 1570 - 9° 3000 
0.136 .- 

Green 
9JP1/ 
1809-P1 785 - 45 0.272 - 

108P4 Magnetic Ki pe 12D 6.3 0.6 Television 10" ---. 9000 - 45 250 .....- - --... - - - White 10111.4 

10EP4 Magnetic-Focus Cathode-Ray 12D 6.3 0.6 Television 10W' - 8000 - 45 250 -..- - - -.- - -- White 10EP4 

10FP4 Electromagnetic Picture Tube 120 6.3 0.6 Television 10" - 9000 -27/-63 250 - - - - -- White 10FP4 

10HP4 Electrostatic Cathode-Ray 14G 6.3 0.6 Television 10" - 5000 -60/-140 1800 - =MI - 1303 1003 --.-- White 10HP4 

10KP7 

IOSP4 

Magnetic Cathode-Ray 120 6.3 0.6 Oscillograph 10" -.. 9000 -27/-63 250 .....-- - - ....... - - 10KP7 

Monitor Kinescope 12C 6.3 0.6 Television 10" 14000 1640/ 
2225 

-18/-48 200 - -•-• - .-- - White 10SP4 

12AP4/ 
1803-P4 

Electromagnetic Picture Tube 6AL 2.5 2.1 Television 12" 
7000 1460 

75 250 25 - 10 
........ _ _. white 12AP4/ 

1803-P4 6000 1240 

12CP42 Electromagnetic Picture Tube 4AF 2.5 2.1 Television 12" 7000 ........ -110 - 25 - 10 - - - White 12CP4 

12DP4-7 Electromagnetic Cathode-Ray SAN 6.3 0.6 Television 12" While 12DP4 

12KP4-A Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 12" -. 11000 -27/-63 250 - - - -. .,- - White 12KP4-A 

12LP42 Electromagnetic Ki  120 6.3 0.6 Television 12" -.- 11000 -27/-63 250 .....- - -.. -..- ..... ..-. White 12LP4 

120134 Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 12" - 10000 -27/-63 250 80 - 135 - - - White 1201.4 

12RP4 Electromagnetic Picture Tube 12D 6.3 0.6 Television 12" - 10000 -27/-63 250 52. 135 - •----- - White 12RP4 

125137 Electromagnetic Cathode-Ray 120 6.3 0.6 Oscillograph 12" - 10000 -27/-63 250 - - 107 - - -... Genish- 
Yellow 

125P7 

12TP4 Electromagnetic Picture Tube 120 6.3 0.6 Television 12" .-- 11000 -27/-63 250 120 - 110 - - - White 12TP4 

12UP4 Electromagnetic Picture Tube 12D 6.3 0.6 Television 12" - 11000 -27/-63 250 - -- 110 - - ...--.- White 12UP4 

14BP4 Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 14" - 11000 -27/-63 250 120 ---- 110 -.- .. - White 146124 

14CP4 Electromagnetic Picture Tube 120 6.3 0.6 Television 14" ..... 12000 -33/-77 250 32 - 105 - -. White 14CP4 

140P4 Electromagnetic Picture Tube 12D 6.3 0.6 Television 14" - 11000 -27/-63 250 120 - 100 - White 14DP4 

141P4 Eledremagnetic Picture Tube 120 6.3 0.6 Television 14" - 12000 -33/-7f - 110 - 110 -...•- ...-• - White 14EP4 

1401.4 Electrostatic-Magnetic Kinescope Fig. 42 6.3 0.6 Television 14" .- 12000 -33/-77 300 29402 White 

White 

14GP4 

14HP4 14HP4 Electrostatic-Magnetic Kinescope Fig. 43 6.3 0.6 Television 14" 12000 -48/264 -33/-77 300 70 - - - 
15AP4 Electromagnetic Cathode-Ray 120 6.3 0.6 Television 15" - 8000 - 45 250 - - - - .-. -. White 15AP4 

15CP4 Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 15" 9000 - 45 250 109 - 115 ..... ..- White 15CP4 
15DP42 Electromagnetic Picture Tube 12D 6.3 0.6 Television 15" - 13000 -27/-63 250 105 - 146 ••-• White 15DP4 

16ADP4 Electromagnetic Cathode-Ray Fig. 69 6.3 0.6 Oscillograph 16" -- 12000 -27/-63 250 -- - ..... .-....- ....-. -- Gr'nish- 
Yellow 

16ADP4 

16AP4 Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 16" -... 12000 -33/-77 300 ..- .- .- White 16AP4 
16CP4 

ir6EP4A 

Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 16" ....«. 12000 -27/-63 250 120 - 110 - - - White 16CP4 
Electromagnetic Picture Tube 120 6.3 0.6 Television 16" -.-.• 12000 -33/-77 300 -.- - 105 - .- .-. White 

_ 
16EP4A 

16FP4 Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 16" .-.. 13000 -27/-63 250 105 - 146 - •- - White 16FP4 



TABLE XIV- CATHODE-RAY TUBES AND KINESCOPES-Continued 

TYPe Name 
Socket 
Connec 
lions 

Heater 
Use Size 

Anode 
No. 2 
Voltage 

Anode 
No. 1 
Voltage 

Cut-Off 
Grid 

Voltage 

Grid 
No. 2 

Voltage 

Ion- 
Trop 
Mo. 

Max. 
input 
Vo ltage" 

Focus 
Coil 
Ma. 

Deflection 
Sensitivity. 

Anode 
No. 3 

Voltage  

Pattern 
Color 

Type 
Volts Amps. D , D, Ds Di 

16GP4 Electromagnetic Picture Tube 120 6.3 0.6 Television 16" - 12000 -33/-77 300 23. - 100 -••• --• - White 16GP4 
16GP4B Electromagnetic Picture Tube 120 6.3 0.6 Television 16" - 12000 -33/-77 300 35. - 100 - - - White 16GP48 
16GP4C Electromagnetic Picture Tube 120 6.3 0.6 Television 16" - 12000 -33/-71 300 45. -- 100 - ---‘ - White I6GP4C 
I6HP4 Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 16" - 12000 -33/-77 300 120 - 110 - -. - White I6HP4 
16JP4 Electromagnetic Picture Tube 120 6.3 0.6 Television 16" - 11000 -27/-63- 250 120 --- 115 - -. ---- White 16JP4 
16KP4 Electromagnetic Picture Tube 12D 6.3 0.6 Television 16" - 14000 -33/-77 300 30. --.-- 90 - -. - White I6KP4 
16LP4 Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 16" -.- 12000 -33/-77 300 120 - 110 --. -.....- - White 16LP4 
16MP4 Electromagnetic Kinescope 120 6.3 0.6 Television 16" - 12000 -33/-77 300 120 - 110 -.-- -.. - White I6MP4 
16RP4 Electromagnetic Picture Tube 120 6.3 0.6 Television 16" - 12000 -33/-77 300 120 -..-- 100 -. -• -- White 16RP4 
16SP4A Electromagnetic Picture Tube 120 6.3 0.6 Television 16" - 12000 -33/-77 300 120 -...- 110 - - •-•-• White 16SP4A 
I6TP4 Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 16" - 12000 -33/-77 300 45. •-•-• 115 -. -. --,- White 16TP4 
16UP4 Electromagnetic Picture Tube 120 6.3 0.6 Television 16" - 12000 -27 /-63 300 23. ...... 100 -. - White 16UP4 
16VP4 Electromagnetic Kinescope 120 6.3 0.6 Television 16" - 12000 -27/-63- 250 120 --. 110 ... - .- White 16VP4 
16WP4A Electromagnetic Picture Tube 120 6.3 0.6 Television 16" - 12000 -27/-63 250 120 -.- 110 - - - White 16WP4A 
16ZP4 Electromagnetic Picture Tube 120 6.3 0.6 Television 16" -- 12000 -33/-77 300 120 - 110 ----• ..-- .-- White 16ZP4 
17AP4 Electromagnetic Picture Tube 120 6.3 0.6 Television 17" -- 12000 -33/-7f 300 75 - 100 - - •-•-• White 17AP4 
178P4A Electromagnetic Kinescope Fig. 45 6.3 0.6 Television 17" - 14000 -33/-77- 300 508 - 99 - - -....- White 17BP4A 
178P48 Electromagnetic Picture Tube 120 6.3 0.6 Television 17" - 12000 -33/-77 300 35. - 100 - - - White 17BP48 
17CP4 Electromagnetic Picture Tube 120 6.3 0.6 Television 17" - 14000 -33/-77 300 508 ---- 104 .- - .--- White I7CP4 
17FP4 

- 
Electrostatic-Magnetic Kinescope Fig. 42 6.3 0.6 Television 17" 16000 3100/ 

4100 
-33/-77 300 403 - ...-. ...- .--- ..-. White 17FP4 

17GP4 Electrostatic-Magnetic Kinescope Fig. 43 6.3 0.6 Television 17" --. 14000 -33/-77 300 40. - - - 36202 White I7GP4 
17HP4 Electrostatic-Magnetic Kinescope Fig. 42 6.3 0.6 Television 17" 14000 0-350 -33/-77 300 gs --- -.- - .- White 17HP4 
r7JP4 

"17KP4 
Electromagnetic Ki Pe Fig. 45 6.3 0.6 Television 17" - 16000 -33/-77 300 45. - - - - - White 17JP4 
Electrostatic-Magnetic Kinescope Fig. 45 6.3 0.6 Television 17" - 12000 -33/-77 300 0/88 - - - - - White 17KP4 

17LP4 Electrostatic-Magnetic Kinescope Fig, 42 6.3 0.6 Television 

-Television 

17" -• 16000 -33/-77 300 50. - -. .-- .-... •- White 17LP4 
170P4 Electromagnetic Ki  12D 6.3 0.6 17" ---- 12000 -33/-77 300 35. - 100 ..-... .--.. •-•-• White 170P4 
17RP4 Electrostatic-Magnetic Kinescope Fig. 66 6.3 0.6 Television 17" 14000 0 -33/-77 300 35. - .---. ..--. •- •-.- White 17RP4 
17YP4 Electromagnetic Ki  Fig. 45 6.3 0.6 Television 17" - 12000 -33/-7,7 300 355 - 92 - - - White I7YP4 
19AP4 Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 

-Television 

16" ----• 13000 -27/-63 250 105 - 146 - -..- White 19AP4 
I9AP4A Electromagnetic Picture Tube 120 6.3 0.6 16" - 12000 -33/-77- 300 75 -..- 140 - .-- - White 19AP4A 
19DP4A Electromagnetic Picture Tube 120 6.3 0.6 Television 19" - 13000 -26/-63 250 105 - 146 ...- ..-.... White 19DP4A 
19EP4 Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 19" - 13000 -26/-63 250 105 .--- 146 - - - White I9EP4 
19FP4 Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 16" - 13000 -27/-68 250 100 - 100/130 ..-- ...-... .-..- White I9FP4 
19GP4 

-19JP4 
Electromagnetic Picture Tube 120 6.3 0.6 Television 19" - 13000 -27/-63 250 105 - 110/130 .-...- --.- White I9GP4 
Electromagnetic Kinescope 120 6.3 0.6 Television 19" -- 12000 -33/-77 300 75 - 95 - .--. -..-. White I9JP4 

20BP4 Electromagnetic Cathode-Ray 120 6.3 0.6 Television 20" ---, 15000 - 45 250 -.., - - .---... -.•••• White 208P4 
20CP4 Electromagnetic Picture Tube Fig. 44 6.3 0.6 Television 20" ---. 12000 -33/-77 300 75 - 95 - .-- -• White 20CP4 
20CP4A Electromagnetic Kinescope Fig. 44 6.3 0.6 Television 20" - 12000 -33/-77 300 75 .---• 95 - - - White 20CP4A 
201:1P4 Electromagnetic Kinescope Fig. 44 6.3 0.6 Television 20" - 12000 -33/-77 300 75 ----. 95 .- - - White 20DP4 
20FP4 Electrostatic-Magnetic Kinescope Fig. 66 6.3 0.6 Television 20" 12000 2300/ 

3100 
-33/-77 300 75 -. .- .- White 20FP4 

20GP4 Electrostatic-Magnetic KI  Fig. 42 6.3 0.6 Television 20" .--- 16000 -33/-77 300 40. 42702 White 200P4 
20HP4 Electrostatic-Magnetic Kinescope Fig. 66 6.3 0.6 Television 20" 14000 -56/310 -33/-77 300 85 - ...- .-...- ..-.- White 20HP4 
20JP4 Electrostatic-Magnetic Kinescope Fig. 4,-- 6.3 0.6 Television 20" --• 12000 -33/-77 300 0/8. - .... White 20JP4 
20LP4 Eledrestatic-Magnetic Kinescope Fig. 43 6.3 0.6 Television 20" 14000 0 -33/-77 300 35. -• ...... .-.... White 26-.P4 
20MP4 Electrostatic-Magnetic Kinescope Fig. 42 6.3 0.6 Television 

'Television 

20" ---• 16000 :33/-77 300 50. - - - - - White 20MP-4 
21AP4 Electromagnetic Kinescope Fig. 44 6.3 0.6 21" --- 16000 -33/-77 300 50. --. 110 -•-. White 21AP4 



TABLE XIV- CATHODE-RAY TUBES AND KINESCOPES- Continued 

TYP• Nome 
Socket 
Conn« 

liens 

Heater 
Use Size 

Anode 
No. 2 

Voltage 

Anode 
No. 1 

Voltage 

Cut-Off 
Grid 

Voltage 

Grid 
No. 2 

Voltage 

Ion- 
Trap 

Ma. 

Max. 
Input 

Voltage , 

Focus 
Coll 
Ma. 

Deflection 
Sensitivity 4 

Anode 
No. 3 

..'...  
Velum 

Pattern 
Color Tile* 

Volts Amp. 
Di D2 Da Dt 

21EP4A 

21FP4A-  

Electromagnetic Kinescope Fig. 44 6.3 0.6 Television 21" -i- 12000 -33/-77 300 70 --. 95 - - ..- White 21EP4A 

Electrostatic-Magnetic Kinescope Fig. 43 6.3 0.6 Television 21" 14000 200 -33/-77 300 40e - .-.-•-• - .-- --. White 21FP4A 

21KP4A Electrostatic-Magnetic Kinescope Fig. 45 6.3 0.6 Television 21" 12000 -33/-77 300 50 - -- --- - - White 21KP4A 

21MP4 Electrostatic-Magnetic Kinescope Fig. 43 6.3 0.6 Television 21" - 16000 -33/-77 300 508 - --- - - -- White 21MP4 

22AP4-
22AP4 Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 22" 14000 -33/-77 300 us -- 117 - - - White 

24AP4A Electromagnetic Picture Tube 120 6.3 0.6 Television 24" - 12000 -33/-77 300 32 - 97 - -. - White 24AP4A 

24BP4 Electrostatic-Magnetic It pe Fig. 43 6.3 0.6 Television 24" 14000 -56/310 -33/-77 300 85 - - - - - White 24BP4 

à-7AP4 Electrostatic-Magnetic Ki pe Fig. 43 6.3 0.6 Television 27" 15000 -60/300 -33/-77 300 85 --. -, -  --i -- While 27AP4-- 

k -2 Electrostatic Cathode-Ray Fig. 1 6.3 0.6 Oscillograph 2" 600 150 - 60 - - 350 .-- 0.19 0.22 - Green 902 

903 , Electromagnetic Cathode-Ray 6AL 2.5 2.1 OscIllograph 9" 7000 1360 -120 250 - -» •- .- -. Green 903 

904 Electrostatic-Magnetic Cathode-Ray Fig. 3 2.5 2.1 Oscillograph S" 4600 970 - 75 250 - 4000 i- 0.09 -- Green 904 

905 , Electrostatic Cathode-Ray Fig. 6 2.5 2.1 Oscillogroph 5" 2000 450 - 35 - --•-• 1000 ....- 0.19 0.23 ---• Green 905 

907 Electrostatic Cathode-Roy Fig. 6 2.5 2.1 Oscillograph 5" Characteristics same as Type 905 - -.--. - Blue 907 

908 , Electrostatic Cathode-Ray 7AN 2.5 2.1 Oscillograph 3" Characteristics same as Type 3AP1/906P1 -4.- - - Blue 908 

908-A Electrostatic Cathode-Ray 7CE 2.5 2.1 Oscillograph 3" 
1500 430 - 50 -- 500 -- 0.223 0.233 ---

Blue 908-A 
1000 287 - 33 - 500 --... 0.334 0.348 - 

909 , Electrostatic Cathode-Ray Fig. 6 2.5 2.1 Oscillograph 5" Characteristics some as Type 905 - - - 3Iue 909 

910 e Electrostatic Cathode-Ray 7AN 2.5 2.1 Oscillograph 3" Characteristics same as Type 3AP1/906P1 ---- - -- Blue 910 

911 , Electrostatic Cathode-Ray 7AN 2.5 2.1 Oscillogroph 3" Characteristics same as Type 3AP1/906P1 - - - Green 911 

912 Electrostatic Cathode-Ray Fig. 8 2.5 2.1 Oscillograph 5" 10000 2000 - 66 250 --• 7000 -.- 0.041 0.051 -- Green 912 

913 Electrostatic Cathode-Ray Fig. 1 6.3 0.6 OscIllograph 1" 500 100 - 65 -  --i--. 250 - 0.07 0.10 - Green 913 

914 , Electrostatic Cathode-Ray Fig. 12 2.5 2.1 Oscillograph 9" 7000 1450 - 50 250 -•-• 3000 -...- 0.073 0.093 - Green 914 

1800 , Electromagnetic Kinescope 6AL 2.5 2.1 Television 9" 6000 1250 - 75 250 -.- - --. - - - Yellow 1800 

1801 , Electromagnetic Ki  Fig. 13 2.5 2.1 Television 5" 3000 450 - 35 --••••• - --.--. ..-- - -•-• - Yellow 1801 

1816P4-A Electromagnetic Ki pe Fig. 65 6.3 0.6 Monitor 10" 9000 - 63 250 - - - -- - - White 1816P4-A 

2001 Electrostatic Cathode-Ray 4AA 6.3 0.6 Oscillogroph 1" Characteristics essentially same as 913 2001 

2002 Electrostatic Cathode-Ray Fig. 1 6.3 0.6 Oscillogroph 2" 600 120 -----0.16 0.17 -- Green 2002 

2005 Electrostatic Cathode-Ray Fig. 14 2.5 2.1 Television 5" 2000 1000 - 35 200 - - - 0.5 0.56 - -- 2005 

24-XFI Electrostatic Cathode-Ray Fig. 1 6.3 0.6 Oscilloscope 2" 600 120 - 60 ---- - -•-• - 0.14 0.16 - Blue 

- --

24-Xli 

Between Anode No. 2 and any deflecting plate. 
e Grid No. 4 voltage. 

D.c. Volts/In. 
Cathode connected to Pin 7. 

5 Discontinued. 
'In mm. /volt d.c. 

Superseded y same type with suffix A. 
'los-trap go . 



TABLE XV - RECTIFIERS - RECEIVING AND TRANSMITTING 

See also Table XIII- Control and Regulator Tubes 

TYPe 
No. 

BA 

Name Base 
Socket 
Connoc- 
tions 

-IJ 

Cathode 

Fil, or Frordor Max. 
A.C. 

Voltage 
Per Plate 

D.C. 
Output 
Current 
Ma. 

Max. 

Inverse 
Peak 

Voltage 

Peak 
Plate 

Current 
Ma. 

' 
Volts Amp. 

Full-Wave Rectifier 4-pin M. Cold - -• 350 350 Tube drop 807 G 

BH Full-Wave Rectifier 4-pin M. 4J Cold - --•• 350 125 Tube drop 90 v. G 

BR Half-Wave Rectifier 4-pin M. 4H Cold - -.--• 300 50 Tube drop 60 v. G 

CE-220 Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 3.0 --. 20 20000 100 HV 

0Y4 Half-Wave Rectifier 5-pin O. 4BU Cold 
C  I Pins 
7 and 8 

95 75 300 500 

- 

G 

OZ4 Full-Wave Rectifier 5-pin O. 4R Cold - --. 350 30-75 1250 200 G 

1 Half-Wave Rectifier 

Half-Wave Rectifier 

4-pin S. 

9-pin B. 

4G 

9Y 

Fle. 

Fil. 

6.3 0.3 350 50 1000 

25000-- 

400 MV 

- lAX2 - 1A 0.65 20000 1.0 11 HV 

1-V Half-Wave Rectifier 4-pin S. 4G Htr. 6.3 0.3 350 50 .- - HV 

1V2 Half-Wave Rectifier 9-pin B. 9U Fil. .625 0.3 -... 0.5 7500 10 HV 

183GT/8016 Half-Wave Rectifier 6-pin O. 3C Fil. 1.25 0.2 -. 2.0 4000 17 14V 

11448 Half-Wave Rectifier 7-pin B. - Cold -.-• - 800 6 2700 50 G 

1X2 Half-Wove Rectifier 9-pin B. 9Y NI. 1.25 0.2 -. 1 15000 10 14V 

1X2A Half-Wave Rectifier 9-pin 8. 9Y Fil. 1.25 0.2 -, 1.1 20000 11 HV 

1Z2 Half-Wave Rectifier 7-pin B. 7CB Fil. 1.5 0.3 7800 2 20000 10 t HV 

21325 Half-Wave Rectifier 7-pin B. 31 Fil. 1.4 0.11 1000 1.5 -..- 9 HV 

2V3G Half-Wave Rectifier 6-pin O. 4Y Fil. 2.5 5.0 -a-- 2.0 16500 12 HV 

2W3 Half-Wave Rectifier 5-pin O. 4X Fil. 2.3 1.5 350 SS --- -.. HV 

2X2/879 1° Half-Wave Rectifier 4-pin S. 4AB Htr. 2.5 1.75 4500 7.5 - .- HV 

2X2-A Half-Wave Rectifier 4-pin S. 4AB Same as 2X2/879 but will withstand severe shock & vibration HV 

2Y2 Half-Wave Rectifier 4-pin M. 4A8 Fil. 2.5 1.75 4400 5.0 - •  KV 

à12/G84 Half-Wave Rectifier 4-pin M. 4B Fil. 2.5 1.5 350 50 - --.. HV 

3824 Half-Wave Rectifier 4-pin M. T-4A Fil. 
5.0 
2.5 9 

3.0 
3.0 

-• 
- 

60 
30 

20000 
20000 

300 
150 HV 

3825 Half-Wove Rectifier 4-pin M. 4P Fil. 2.5 5.0 -.- 500 4500 2000 G 

3826 Half-Wave Rectifier 8-pin O. Fig. 31 Htr. 2.5 4.75 20 15000 8000 11V 

DR-3827 Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 5.0 3000 250 8500 1000 HV 

3828 Half-Wave Rectifier 4-pin-M 4P Fil. 2.5 5.0 
1700 300 5000 2000 

G 
3500 250 

0 
1000 1000 

SAX4GT Full-Wave Rectifier 5-pin 0. ST Fil. 5 2.5 
350, 
5007 

175 1400 52S 11V 

SAZ4 Full-Wave Rectifier 5-pin O. ST Fit. 5.0 2.0 Same as Type 80 HV 

5R4GY Full-Wave Rectifier 5-pin 0. ST Fil. 5.0 2.0 
900 , 
950 7 

150 , 
175 7 

2800 650 HV 

514 Full-Wave Rectifier 5-pin 0. 515.0 3.0 450 250 1250 800 HV 

SU4G Full-Wave Rectifier 8-pin O. ST Fil. 5.0 3.0 Same as Type SZ3 HV 

5V4G Full-Wave Rectifier 8-pin O. SL 2.0 Some as Type 83V HV 

SW4 Full-Wave Rectifier 5-pin O. ST Fil. 5.0 1.5 350 110 1 1000 1 ---. 11V 

5X3 Full-Wave Rectifier 4-pin M. 4C5.0 2.0 HV 

SX4G Full-Wave Rectifier 8-pin 0. 50 Fil. 5.0 3.0 Same as 5Z3 HV 

SY3G 

SY3WGT-  

Full-Wave Rectifier 

Full-Wave Rectifier 

5-pin O. 

5-pin 0. 

ST5.0 2.0 Same as Type 80 HV 

FIV-- ST Fil. 5.0 2.0 375 120 E1550 375 

5Y40 Full-Wave Rectifier 8-pin 0. SO5.0 2.0 Same as Type 80 14V 

5Z3 Full-Wave Rectifier 4-pin M. 4C Fil. 5.0 3.0 500 250 1400 --.- I HV 

5Z4 Full-Wave Rectifier 5-pin O. SI. He. 5.0 2.0 400 125 1100 -•-•• HIV 

6AX4GT Damper Diode 6-pin O. 4CG Ht,. 6.3 1.2 - 123 4000 600 14V 

6AX5GT Full-Wave Rectifier 6-pin 0. 65 Htr. 6.3 1.2 450 125 1250 375 HV 

6AX6G Full-Wave Rectifier 7-pin 0. 70 Ht,. 6.3 2.5 350 250 1250 600 HV 

6BYSG Full-Wave Rectifier 7-pin O. 601 Ht,. 6.3 1.6 375, 175 1400 525 HV 

6U4GT Half-Wave Rectifier 5-pin O. 4CG He. 6.3 1.2 --• 138 1375 660 HV 

6V4 Full-Wave Rectifier 9-pin B. 9M Ht,. 6.3 0.6 350 90 - -.• HV 

6W4GT 
Damper Service 

6 pin O. 4CG He. 6.3 1.2 
---• 125 2000 600 

HV 
Half-Wave Rectifier 350 125 1250 600 

6W5G   

6X4 
6X5 

Full-Wave Rectifier 6-pin O. 65 

7CF 
65 

Ht,. 

Ht,. 

6.3 0.9 350 100 1250 350 KV 

Full-Wave Rectifier 
7-pin B. 
6-pin O. 

6.3 0.6 
3254 
450, 

70 1250 210 HV 

6Y3G Half-Wave Rectifier S-pin O. 4AC Ht,. 6.3 0.7 5000 7.5 - -••••• 11V 

6Y5 " Full-Wave Rectifier 6-pin S. 6J Kir. 6.3 0.8 350 50 -• - HV 

6Z3 Half-Wave Rectifier 4-pin M. 4G Fil. 6.3 0.3 350 50 -•-• -•-• HV 

6Z5 ,1 Full-Wave Rectifier 6-pin S. 6K Hi,. 6.3 0.6 230 60 - -• HV 

6ZY-5G Full-Wave Rectifier 6-pin 0. 65 He. 6.3 0.3 350 35 1000 150 HV 

7Y4 Full-Wave Rectifier 8-pin L. SAB Hf,. 6.3 0.5 350 60 - ----• 14V 

7Z4 Full-Wave Rectifier 8-pin L. SAE He. 6.3 0.9 
450 , 
325 9 

100 1250 300 KV 

12-A7 Rectifier-Pentode 7-pin S. 7K Ht,. 12.6 0.3 125 30 -•••• -. HV 

12AX4GT Damper Diode 6-pin O. 4CG Mr. 12.6 0.6 - 125 4000 600 14V 

12Z3 Half-Wave Rectifier 4-pin S. 4G Ht,. 12.6 0.3 250 60 - ----• HV 

12Z5 Voltage Doubler 7-pin M. 71. Ht,. 12.6 0.3 225 60 - ---• KV 

14Y4 Full-Wave Rectifier 8-pin L. 5A8 He. 12.6 0.3 
450 , 
325 9 

70 1250 210 HV 

14Z3 Half-Wave Rectifier 4-pin S. 4G Ht,. 12.6 0.3 250 60 .- --• HV 

2SA7G ,1 Rectifier-Pentode 8-pin O. 8F He. 25 0.3 125 75 - -  KV 
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TABLE XV-RECTIFIERS-RECEIVNG AND TRANSMITTING- Continued 

See also Table XIII-Cont ol and Regulator Tubes 

Type 
No. 

Name Base 
Socket 
Connec- 
Hens 

Cathode 

Fil, or Heater Max. 
A.C. 

Voltage 
Per Plate 

D.C. 
Output 
Current 
Ma. 

Max. 
Inverse 
Peak 

Voltage 

Peak 
Plate 

Current 
Ma. 

Tyne 
- 

Volts Amp. 

25W4GT Half-Wave Rectifier 6-pin O. 4CG Htr. 25 0.3 350 125 1250 600 HV 

25X6GT Voltage Doubler 7-pin 0. 70 Htr. 25 0.15 125 60 -•-• -... HV 

25Y4GT Half-Wave Rectifier 6-pin O. SAA Htr. 25 0.15 125 75 ..•••••• - HV 

25Y3 10 Voltage Doubler 6-pin S. 66 Htr. 25 0.3 250 85 - - NV 

2523 Half-Wave Rectifier 4-pin S. 4G Ht,. 25 0.3 250 50 -. HV 

2324 Half-Wave Rectifier 6-pin O. SAA HI,. 25 0.3 125 125 -• -••••• HV 

2525 Rectifier-Doubler 6-pin S. 6E Htr. 25 0.3 125 100 •-••-••• 500 1.11/ 

2625W Full-Wave Rectifier 9-pin B. 9BS Htr. 26.5 0.2 
325, 
450, 

100 
100 

 1250 300 HV 

2526 Rectifier-Doubler 7-pin 0. 70 HI,. 25 0.3 125 - 100 -•• 500 NV 

2825 Full-Wave Rectifier 8-pin L. 5AB Htr. 28 0.24 11°5: 100 - 300 HV 

32L7GT Rectifier-Tetrode 8-pin O. 82 Htr. 32.5 0.3 125 60 --. - HV 

à5W4 Half-Wave Rectifier 7-pin B. 580 Htr. 35 , 0.15 125 - 100 , 330 600 HV 

33Y4 Half-Wave Rectifier 8-pin O. SAL Htr. 35 , 0.15 235 
60 
100, 

700 600 HV 

3523 Half-Wave Rectifier 8-pin L 4Z HI,. 35 0.15 ' 250 , 100 700 600 HV 

35240T Half-Wave Rectifier -6-pin O. SAA Htr. 35 0.15 250 100 700 600 KV 

3525G Half-Wave Rectifier 6-pin O. 6AD Htr. 35 2 0.15 123 
60 
100 e ....» 

HV 

3526G Voltage Doubler 6-pin 0. 70 Hs,. 33 0.3 125 110 - 500 HV 

4025GT Half-Wave Rectifier 6-pin O. 6AD Htr. 40 2 0.15 125 
60 
100 e 

HV 

4323 Half-Wave Rectifier 7-pin 8. SAM Htr. 45 0.075 117 63 350 390 HV 

4525GT Half-Wave Rectifier 6-pin O. 6AD Htr. 45 , 0.15 125 60 
100 , - - 

HV 

50AX6G Full-Wave Rectifier 7-pin 0. 70 Htr. 50 0.3 350 250 1250 600 HV 

50X6 Voltage Doubler 8-pin L. 7AJ Htr. 50 0.15 117 75 700 450 HV 

50Y6GT Full-Wave Rectifier 7-pin O. 70 Hit. 50 0.15 125 85 --, -  KV 

50Y7GT Voltage Doubler 8-pin L. BAN Htr. 30 , 0.15 117 65 700 NV 

5026G Voltage Doubler 7-pin 0. 70 Htr. 50 0.3 125 150 -• -. 14V 

50Z7G10 Voltage Doubler 8-pin O. BAN Htr. 50 0.15 117 65 - .-.. HV 

70A7GT Rectifier-Tetrode 8-pin O. 8A3 Kir. 70 0.15 125 e 60 - - HV 

70L7GT Rectifier-Tetrad° 8-pin O. 8AA HI,. 70 0.15 117 70 350 NV 

72 Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 3.0 - 30 20000 150 NV 

73 Half-Wave Rectifier 8-pin O. 4Y Fn. 2.5 4.5 - 20 13000 3000 NV 

80 Full-Wave Rectifier 4-pin M. 4C Fil. 5.0 2.0 
350 , 
500 1 

125 
123 

1400 375 NV 

81 Half-Wave Rectifier 4-pin M. 46 Fil. 7.5 1.25 700 85 - --••••• KV 

82 Full-Wave Rectifier 4-pin M. 4C Fil. 2.5 3.0 500 125 1400 400 MV 

83 Full-Wave Rectifier 4-pin M. 4C Fil. 5.0 3.0 SOO 250 1400 800 MV 

83-V Full-Wave Rectifier 4-pin M. 4AD iltr. 5.0 2.0 400 200 1100 - NV 

84/624 Full-Wave Rectifier 5-pin S. SD Htr. 6.3 0.5 350 60 1000 --.-••• NV 

117L7GT/ 
• 117M7GT Racliner" ° Tetr de  8-pin O. BAO HI,. 117 0.09 117 73 - -. HV 

117N7GT Rectifier-Tetrode 8-pin O. 8AV litr. 117 0.09 117 75 350 450 NV 

117P7GT Rectifier-Tithed(' 8-pin O. 8AV Mr. 117 0.09 117 75 350 450 HV 

11723 Half-Wave Rectifier 7-pin B. 49R Htr. 117 0.04 117 90 330 - HV 

11724GT Half-Wave Rectifier 6-pin O. SAA Htr. 117 0.04 117 90 350 -•••• HV 

11726GT Voltage Doubler 7-pin O. 7,1 lift. 117 0.075 235 60 700 360 NV 

217-A ,0 Half-Wave Rectifier 4-pin J. 4AT Fil. 10 3.25 ••••-- --- 3500 600 HV 

217-C Half-Wave Rectifier 4-pin J. 4AT Fil. 10 3.25 - 7500 600 NV 

Z225 Half-Wove Rectifier 4-pin M. 4P Fil. 2.5 5.0 250 10000 1000 MV 

249-B Half-Wave Rectifier 4-pin M. Fig. 53 Fil. 2.3 7.3 3180 375 10000 1300 MV 

1TK253 Half-Wave Rectifier 4-pin J. 4AT Fil. 5.0 10 - 350 10000 1500 HV 

705A 
RK-705A Half-Wave Rectifier 4-pin W. T-3AA Fil. 

2.5 , 
5.0 

5.0 
5.0 

- 
- 

50 
100 

35000 
35000 

375 
750 

HV 

816 Half-Wave Rectifier 4-pin S. 4P Fil. 2.5 2.0 2200 125 7500 500 MV 

836 Half-Wave Rectifier 4-pin M. 4P Htr. 2.5 3.0 - - 5000 1000 HV 

866A/866 Half-Wave Rectifier 4-pin M. 4? Fil. 2.5 5.0 3500 250 10000 1000 MV 

8668 Half-Wave Rectifier 4-pin M. 4P Fil. 5.0 5.0 ••••-•• .--. 8500 1000 MV 

866 Jr. Half-Wave Rectifier 4-pin M. 48 Fil. 2.5 2.5 1230 250 , - -.- MV 

HY866 Jr. Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 2.5 1730 230 , 3000 -.-- MV 

RK866 Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 5.0 3500 250 10000 1000 MV 

871 10 Half-Wavo Rectifier 4-pin M. 4P Fil. 2.3 2.0 1750 230 5000 500 MV 

878 Half-Wave Rectifier 4-pin M. 4P Fil. 2.3 3.0 7100 5 20000 ••••• NV 

879 Half-Wave Rectifier 4-pin S. 4P Fil. 2.5 1.73 2650 7.3 7500 100 HV 

872A/872 Half-Wave Rectifier 4-pin J. 4M Fil. 3.0 7.5 --.- 1250 10000 5000 MV 

973A 
575A Half-Wave Rectifier 4-pin J. 4AT Fil. 5.0 10.0 1500 15000 6000 MV 

? A 1 Full-Wave Rectifier 3-pin O. 4R Cold .., 110 880 -•-•• G 

1005/ 
CK1005 Full-Wave Rectifier 8-pin O. 

_L 
SAO Fil. 6.3 0.1 ... 70 450 210 G 
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TABLE XV- RECTIFIERS- RECEIVING AND TRANSMITTING- Continued 

See also Table XIII - Control and Regulator Tubes 

Type 
No. Nome Base 

Socket 
C  
liens 

Cathode 

Fil. or Heater Max. 

A.C. Voltage 
Per Plate 

D.C. 

Output Current 
Ma. 

Max. 

Inverse Peak 
Voltage 

Peak 

Plate Current 
Ma. 

T Yee 

Vohs Amp. 

Rick./ 
CK 1006 

Full-Wave Rectifier 4-pin M. 4C Fil. 1.73 2.25 .- 200 1600 --. G 

tK1007 

CK1009/BA 

Full-Wave Rectifier 

-Full-Wave Rectifier 

8-pin O. 

4-pin M. 

T-9G 

.-.-- 

Fil. 

Cold 

1.0 

----• 

1.2 -- 110 

350 

980   

1000 

--• 

.-. 

G 

G ••-••••• - 

1274 Full-Wave Rectifier 6-pin 0. 65 Htr. 6.3 0.6 Same as 7Y4 NV 

1275 Full-Wave Rectifier 4-pin M. 4C Fil. 5.0 1.75 Same as 523 NV 

1616 

1641/ 
RK60 

Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 5.0 -.-- 13D 6000 800 NV 

Full-Wave Rectifier 4-pin M. T-4AG Fit. 5.0 3.0 -...m. 
50 4500 -..- 

NV 
. 230 2100 ....... 

1654 Half-Wave Rectifier 7-pin B. 2Z Fil. 1.4 0.05 2500 1 7000 6 HV 

5517 Half-Wave Rectifier 7-pin 8. 5BU Cold --- - 1200 6 -.- SO G 

5825 Half-Wave Rectifier 4-pin M. 4P Fil. 1.6 1.25 - 2 60000 40 HV 

8008 Half-Wave Rectifier 4-pin 6 Fig. 11 Fil. 5.0 7.5 ••••••• 1250 10000 5000 MV 

0013A Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 5.0 - 20 40000 150 NV 

8016 Half-Wave Rectifier 6-pin O. 4AC Fil. 1.25 0.2 - 2.0 10000 7.5 HV 

8020 Half-Wave Rectifier 4-pin M. 4P Fil. 
5.0 5.5 10000 100 40000 750 

HV 
5.8 6.5 12500 100 40000 750 

RK 19 Full-Wave Rectifier 4-pin M. 4AT Htr. 7.5 2.5 1250 200 , 3500 600 NV 

RK21 Half-Wave Rectifier 4-pin M. 4P litr. 2.5 4.0 1250 200 , 3500 600 HV 

RK22 Full-Wave Rectifier 4-pin M. T-4AG Htr. 2.5 8.0 1250 200 6 3500 600 HV 

Wilh input choke of at least 20 henrys. 
Tapped for pilot lamps. 
" Per pair with choke input. 
Condenser input. 
, With 100 ohms min. resistance in series with plate; without 

seri-es resistor, maximum r.m.s, plate rating is 117 volts. 

6 Some as 872A/872 except for heavy-duty push-typo base. 
Filament connected to pins 2 and 3, plate to top cap. 

7 Choke input. 
Without panel lamp. 

9 Using only one-half of filament. 
',Discontinued. 
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TABLE XVI- TRIODE TRANSMITTING TUBES 

Type 

Max. 
Plate 
Disst- I 
potion 
Watts 

Cathode 
Max. 
Plate 

Voltage 

Max. 
Plate 

Current 
Ma. 

Max. 
D.C. 

..Grid 
uurrent 
Ma. 

Amp. 
Factor 

In erelectrode 
Capacitances ( med.) 

Max. 
Freq. 
Mc. 
Full 

Ratings 

Base 
Socket 
Conner- 
lions 

Typical Operation 
Plate 

Voltage 
Grid 

Voltage 

Plate 
Current 
ma • 

D.C. 
Grid 

Current 
Ma • 

A PP.."' Grid 
Driving 
pc. v'er 
Watts 

Class 8 
P-to-P 

Load Res. 
ohm: 

Approx. 
Output 
Power 
watts Volts Amp. 

Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

958-A 0.6 1.25 0.1 135 7 1.0 12 0.6 2.6 0.8 500 A. 5BD Ciass-C Amp.-Oscillotor 135 - 20 7 1.0 0.035 -- 0.6 

387 2 
- 

1.4 
2.8 

0.22 
0.11 180 25 - 20 1.4 2.6 2.6 125 O. 7AP Class-C Amp. (Telegraphy) 180 0 25 - -.- - 2.8 

RK24 1.5 2.0 0.12 180 20 6.0 8.0 3.5 5.5 3.0 125 S. 4D Closs-C Amp.-Oscillator 180 - 4S 16.5 6.0 0.5 - 2.0 

6J6 2 1.5 6.3 0.45 300 30 16 32 2.2 1.6 0.4 250 B. 78F Class-C Amp. (Telegraphy) , ISO - 10 30 16 0.35 - 3.3 

9002 1.6 6.3 0.15 250 8 maimmum 1.4 1.1 Kamm 7TM Class-C Amp.-Oscillator immeniuminizi - - 0.5 

955 1.6 6.3 0.15 180 8 2.0 25 1.0 1.4 0.6 250 A. SBC Class-C Amp.-Oscillator 180 - 35 7 1.5 - - 0.5 

HY1148 1.8 1.4 0.155 180 12 3.0 13 1.0 1.3 1.0 300 O. 2T 
Class-C Amp.-Oscillator 180 - 30 12 2.0 0.2 - 1.4 , 

Class-C Amp. (Telephony) 180 - 35 12 2.5 0.3 - 1.4 , 

3A5 2 2.0 1.4 
2.8 

0.22 
0.11 

150 30 5.0 15 0.9 3.2 1.0 40 8. 78C Class-C Amp.-Oscillator 2 150 - 35 30 5.0 0.2 - 2.2 

6F4 2.0 6.3 0.22S 150 20 8.0 17 2.0 1.9 0.6 500 A. 7BR Class-C Amp.-Oscillator 150 
- 15 
550• 
2000" 

20 7.5 0.2 - 1.8 

HY24 

eC33 1, z 

2. 0 

2.5 

2. 0 0.13 18 0 

250 

20 

20 

4.5 

6.0 

9.3 2.7 5.4 2.3 60 S. 4D 
Class-C Amp. (Telegraphy) 180 - 45 20 4.5 0.2 - 2.7 

Class-C Amp. (Telephony) 180 - 45 20 4.5 0.3 --.- 2.5 

2.0 0.12 10.5 3-2 3-2 2.S 60 S. T-70A Class-C Amp.-Oscillator z 250 - 60 20 6.0 0.54 -- 3.5 

12AU7 2 2.75, 6.3 0.3 350 12 , 3.5 , 18 1.5 1.5 0.5 54 B. 9A Class-C Amp.-Oscillator, 350 -100 24 7 - - 6.0 

6N4 3.0 6.3 0.2 180 12 - 32 3.1 2.3S 0.55 SOO B. 7CA Class-C Amp.-Oscillator 180   

6026 3.0 6.3 0.2 ISO 30 10 24 2.2 1.3 0.38 400 N. - Class-C Oscillator-400 Mc. 135 1300•• 20 9.5 - - 1.25 

HY6JSGTX 3.5 6.3 0.3 330 20 4.0 20 4.2 3.8 5.0 60 O. 6Q 
Class-C Amp.-Oscillator 330 - 30 20 2.0 0.2 - 3.5 

Class-C Amp. (Telephony) 250 - 30 20 2.5 0.3 .--, 2.5 

2C22/7193 3.5 6.3 0.3 500 - - 20 2.2 3.6 0.7 -..-. O. 4AM Class-C Amp. (Telegraphy) -..-.-

HY615 
HY-E1148 3.5 6.3 0.175 

0.75 

300 20 4.0 20 1.4 1.6 1.2 300 O. T-8AG 
Class-C Amp.-Oscillator 300 - 35 20 2.0 0.4 - 4.0 , 

Class-C Amp. (Telephony) 300 - 35 20 3.0 0.8 -   

- 

3.5 , _ 
- GL-446A1 

GL-44681 Amp-Oscillator 3.75 6.3 400 202.2 1.6 0.02 500 O. Fig. 19 Class-C 2st) ..,.- -. -• .-.. 

GL-2C44 , 
GL-464A , 

5.0 6.3 0.75 SOO 40 - - 2.7 2.0 0.1 500 O. Fig. 17 Class-C Amp.-Oscillator 250 -. -.- - .- - -•-, 

6C4 5.0 6.3 0.15 350 25 8.0 18 1.8 1.6 1.3 54 B. 68G Class-C Amp.-Oscillator 300 - 27 23 7.0 0.35 - 5.5 

1626 5.0 12.6250 25 8.0 5.0 3.2 4.4 3.4 30 O. 60 Class-C Amp.-Oscillator 250 - 70 25 5.0 0.5 --•-• 4.0 

2C21 / 
RK33, 

5.0 6.3 0.6 250 40 12 -,...... 1.6 1.6 2.0 - S. T-7DA Class-C Amp.-Oscillator , 250 - 60 40 12 1.0 7 

2C36 S 6.3 0.4 1500 , - - 25 1.4 2.4 0.36 1200 N. Fig. 36 Plate-Pulsed 1000-Mc. Osc. 1000 , 0 900 e - - - 200, 

2C37 
5766 
5767 

S 6.3 0.4 350 - - 25 1.4 1.85 0.02 3300 N. Fig. 36 1000-Mc. C.W. Oscillator 150 3000** 13 3.6 - - 0.5 

5764 5 6.3 0.4 1500 , 11.5 -. 25 1.4 1.85 0.02 3300 N. Fig. 36 Plate-Pulsed 3300-Mc. Osc. 1000 , 0 1300 , ----. - - 200, 

5765 S 6.3 0.4 350 --,- - 25 0.03 2900 N. Fig. 36 1900-Mc. C.W. Oscillator 180 10000** 25 -.-...- - - 0.225 

5794 -•-• 6.0 0.16   N. Fig. 36 Fixed Tuned Oscillator 
Approximately 1680 Mc. 

85/108   

5675 S 6.3 0.135 165 30 8 20 2.3 1.3 0.09 3000 N. Fig. 36 Grounded-Grid Osc. 120 - 8 25 4 - - 0.05 

6N7 2 5.5, 6.3 0.8 350 30 t 5.0 , 35 - - - 10 O. 86 Class-C Amp. Oscillator ,. i, 350 -100 60 10 - - 14.5 

5876 6.25 6.3 0.135 300 25 - 56 2.5 1.4 0.035 1700 N. Fig. 36 
Grounded-Grid Oscillator 250 - 2 23 3 - - 0.75 

Frequency Multiplier 300 - 70 17.3 7 - - 2.0 

2CAO 6.5 6.3 0.75 500 25 -. 36 2.1 1.3 0.05 500 O. Fig. 19 Class-C Amp.-Oscillator 250 - 5 20 0.3 --. - 0.075 

S5S6 7.0 4.5 1.1 350 40 10 8.5 4.0 8.3 3.0 6 M. 4D 
Class-C Amp. (Telegraphy) 350 - 80 35 2 0.25 -. 6 

Class-C Amp. (Telephony 300 -100 30 2 0.3 .- 4 

5893 8.0 6.0 0.33 400 40 13 27 2.3 1.75 0.07 1000 - Fig. 36 
Class-C Amp. (Telegraphy) 350 - 33 Ma 13 2.4 - 6.5 

Class-C Amp. (Telephony) 300 - 45 MEMIEEMMEMIIII=111 6.5 



TABLE XVI- TRIODE TRANSMITTING TUBES- Continued 

Type 

Max. 
Plate 
Dissi- 
potion 
Wan. 

Cathode 
Max. 
Plate 

Voltage 

Max. 
Plate 

Current 

a. 
Ma. 

Max. 
D.C. 
Grid 

Current 
Ma. 

Amp. 
Factor 

Interelectrode 
Capacitances µbad.) 

Max. 
Freq. 
Mc. 
Full 

Ratings 

Base 
Socket 
Connec- 
tions 

Typical Operation 
Plate 

Voltage 
Grid 

Voltage 

Plate 
Current 
Ma 

D.C. 
• 

Grid 
Current 

Ma. 

A PI"x* 
Grid 

Driving 
P ower 

Watts 

Class B 
P-to-P 

Load Res. 
Ohms 

Approx. 
Output 
Power 
Watts 

Volts Amp. 
Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil.  

2C43 12 6.3 0.9 500 40 - 48 2.9 1.7 0.05 1250 0. Fig. 19 Class-C Amp.-Oscillator 470 - 38 , - - - 9' 

2C26A 10 6.3 1.10 --- - - 16.3 2.6 2.8 1.1 250 0. 488 - - - - - - - 

2C34/ 
RK34 , 

10 6.3 0.8 300 80 20 13 3.4 2.4 0.5 250 M. T-7DC Class-C Amp.-Oscillator , 300 - 36 80 20 1.8 - 16 

205D 14 4.5 1.6 400 50 10 7.2 5.2 4.8 3.3 6 M. 4D 
Class-C Amp.-Oscillator 400 -112 45 10 1.5 - 10 

Class-C Amp. (Telephony) 350 -144 35 10 1.7 - 7.1 

2C25 15 7.0 1.18 450 60 15 8.0 6.0 8.9 3.0 - M. 40 
Class-C Amp.-Oscillator 450 -100 65 15 3.2 - 19 

Class-C Amp. (Telephony) 350 -100 50 12 2.2 - 12 

10Y 15 7.5 1.25 450 65 15 e 4.1 7.0 3.0 8 M. 40 
Class-C Amp.-Oscillator 450 -100 65 15 3.2 - 19 

Class-C Amp. (Teléphony) 350 -100 50 12 2.2 - 12 

843 15 2.5 2.5 450 40 7.5 7.7 4.0 4.5 4.0 6 M. SA 
Class-C Amp.-Oscillator 450 -140 30 5.0 1.0 - 7.5 

Class-C Amp. (Telephony) 350 -150 30 7.0 1.6 - 5.0 

RK59, 15 6.3 1.0 500 90 25 25 5.0 9.0 1.0 - M. T-41) Class-C Amp.-Oscillator 500 - 60 90 14 1.3 - 32 

HY75A 15 6.3 2.6 450 90 25 9.6 1.8 2.6 1.0 175 0. 2T 
Class-C Amp. (Telegraphy) 450 -140 90 20 5.2 - 26 

Class-C Amp. (Telephony) 400 -140 90 20 5.2 - 21 

HY75 15 6.3 2.5 450 80 20 10 1.8 3.8 1.0 60 0. 2T 
Class-C Amp.-Oscillator 450 - 50 80 12 - - 21 , 

Class-C Amp. (Telephony) 450 - 60 80 12 - - 16 , 

1602, 15 7.5 1.25 450 60 15 8.0 4.0 7.0 3.0 6 M. 40 

Class-C Amp. (Telegraphy) 450 -115 55 15 3.3 - 13 

Class-C Amp. (Telephony) 350 -135 45 15 3.5 - 8.0 

Class-B Amp. Audio , 425 - 50 110' 260 9 2.5 , 8000 25 

841 

-4 

15 7.5 1.25 450 60 20 30 4.0 7.0 3.0 6 M. 413 
Class-C Amp. (Telegraphy) 450 - 34 50 15 1.8 - 15 

Class-C Amp. (Telephony) 350 - 47 50 15 2.0 - 11 

10, 
MO , 

15 7.5 1.25 450 65 15 8.0 3.0 8.0 4.0 
- 

60 
M. 40 

Class-C Amp. (Telegraphy) 450 -100 65 15 3.2 - 19 

Class-C Amp. (Telephony) 350 -100 50 12 2.2 - 12 

Class-B Audio , 425 - 50 55 , 130 , 2.5 , 8000 25 

RK100 , 15 6.3 0.9 150 250 100 40 23 19 3.0 - M. T-6B 
Closs-C Oscillator 110 - 80 8.0 - - 3.5 

Class-C Amplifier 110 - 185 40 2.1 - 12 

TUF-20 20 6.3 2.75 750 75 20 10 1.8 3.6 0.095 250 O. 2T Class-C Amp.-Oscillator 750 -150 75 20 1.5/2.5 - 40 

1608 20 2.5 2.5 425 95 25 20 8.5 9.0 3.0 45 M. 40 

Class-C Amp. (Telegraphy) 425 - 90 95 20 3.0 - 27 

Class-C Amp. (Telephony) 350 - 80 85 20 3.0 - 18 

Class-B Amp. Audio' 425 - 15 190' 130 , 2.2" 4800 50 

310 20 7.5 1.25 600 70 15 8.0 4.0 7.0 2.2 6 M. 40 
Class-C Amp. (Telegraphy) 600 -150 65 15 4.0 - 25 

Class-C Amp. (Telephony) 500 -190 55 15 4.5 - 18 

703-A 20 1.2 4/4.5 350 75 12 8 0.9 1.1 0.6 1400 N. - Class-C Amplifier 350 - 120 75 12 - - 2/2.5 

801-A/80I 20 7.5 1.25 600 70 15 8.0 4.5 6.0 1.5 60 M. 40 

Class-C Amp. (Telegraphy) 600 -150 65 15 4.0 - 25 

Class-C Amp. (Telephony) 500 -190 55 15 4.5 - 18 

Class-B Amp. Audio' 600 - 75 130 320' 3.0 ' 10000 45 

HY801-A 20 1.25 600 70 15 8.0 4.5 6.0 1.5 60 M. 40 
Class-C Amp. (Telegraphy) 600 -200 70 15 4.0 - 30 

Class-C Amp. (Telephony) 500 -200 60 15 4.5 - 22 

T20 20 7.5 1.75 750 85 25 20 4.9 5.1 0.7 60 M. 3G 
Class-C Amp. (Telegraphy) 750 - 85 85 18 3.6 - 44 

Class-C Amp. (Telephony) 750 -140 70 15 3.6 - 38 

TZ20 20 7.5 1.75 750 85 30 

_. 

62 5.3 5.0 0.6 60 M. 3G 

Class-C Amp. (Telegraphy) 750 - 40 85 28 3.75 - 44 

Class-C Amp. (Telephony) 750 -100 70 23 4.0 - 38 

Class-B Amp. Audio , 800 0 40/136 160' 1.8 , 12000 70 

15E 20 5.5 4.2 - - - 25 1.4 1.15 0.3 600 N. T-4AF Class-C Amp. (Telegraphy)  Characteristics similar to 25T 



TABLE XVI - TRIODE TRANSMITTING TUSES- Continuad 

Type 

Max. 
Plate 
DIssi 
pollen 
Watts 

Cathode 
Max 
6,.„' 
"rh" 

Voltage 

Max • 

Current „ 
"``.. 

Max. 
D.C. 

Current 
Ma. 

Amp. 
Factor 

Interelectrode 
Capacitances (µµfd.) 

Max. 
Freq. 
Mc. 
Full 

Ratings 

Base 
Socket 
Cannon- 
tiens 

Typical Operation 
Plate 

Voltage 
Grid 

Voltage 

Plate 
Current 
, 

D.C. 
Grid 

Current 

A ileen' 
Grid 

Driving 
p... 

Watts 

Class 5 
P-to-P 

Load Res. 
Ohms 

- 

Approx. 
Output 
Power 
Watts 

Volts Amp. 
Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

3-25A3 
25T 

25 6.3 3.0 2000 75 25 24 2.7 1.5 0.3 60 M. 3G 
Class-C Ar”P--0.cili.tor 

2000 

MEIMMEIIIM=MI 

-130 63 18 4.0 - 100 

75 
1000 - 70 72 9 1.3 •=11. 47 

Class-8 Amp. Audio , 2000 - 80 16/80 270 , 0.7 , 55500 110 

3-2503 
3C24 
24G 

25 6.3 3.0 2000 73 25 23 
2.0 
1.7 

1.6 

1.5 

0.2 

0.3 
150 S. 20 

Class-C Amp.-Oscillator 

2000 -170 63 17 4.5 - 100 

1500 -110 67 15 3.1 75 

1000 - 80 72 15 2.6 47 

Class-8 Audio , 2000 - 85 16/80 290 , 1.1 , 55500 110 

3C28 25 6.3 3.0 2000 75 25 23 2.1 1.8 0.1 IIMMEIMI ig. 56 Class-C Amp:Oscillator Character'tics same as 3C24 

3C34 25 6.3 3.0 2000 75 25 23 2.5 1.7 0.4 Brairni 3G Class.0 Amp.-Oscillator Characteristics same as 3C24 

RK111 25 6.3 3.0 750 105 35 20 7.0 7.0 0.9 60 M. 3G 
Class C Amp. (Telegraphy) 750 -120 105 21 3.2 - SS 

Class-C Amp. (Telephony) 600 -120 85 24 3.7 38 

RK12 25 6.3 3.0 750 105 40 100 7.0 7.0 0.9 60 M. 3G 
Class-C Amp. (Telegraphy) 750 -100 105 35 5.2 ..- 55 

Class-C Amp. (Telephony) 600 -100 85 27 3.8 ..... 38 

HK24 25 6.3 3.0 2000 75 30 25 2.5 1.7 0.4 60 S. 3G 
Class-C Amp. (Telegraphy) 2000 -140 56 18 4.0 II=1.1 90 
Class-C Amp. (Telephony) 1500 -143 SO 23 5.5 M=MI 80 

HY25 25 7.5 2.25 800 75 25 55 4.2 4.6 1.0 60 M. 3G Class-C Amp. (Telegraphy) MEWIMECIMIZ=M1 42 
Class-C Amp. (Telephony) 700 - 45 75 17 5.0 BI=MI 38 

8023 

30 

20 

30 

6.3 1.92 1000 

65 

65 

80 

- 

20 

20 

18 2.7 2.8 0.35 500 M. 4A0 

1000 -135 50 4 se Z=M 20 
Class-C Amp. (Telephony) 800 -105 40 10.5 1.4 =ME 22 

I= 1000 - 90 so 14 14 II=M 33 

HY3OZ I 30 6.3 2.25 850 90 25 87 6.0 4.9 1.0 60 M. 480 
Class-C Amp.-Oscillator 850 - 75 90 25 2-3 .1=M 38 

121=3==5:11 700 - 75 80 83 3.3 III=M 47 

HY312 , 
14Y1231Z, 30 

6.3 

12.6 

3.5 

1.7 
150 30 45 5.0 5.5 1.9 60 M. T-40 

Class-C Amp. (Telegraphy) 500 - 43 150 ZS 2.5 •••••••• 56 

1=11 400 -10° 15° 3° 3.3 MI=M 43 

316A 
VT-191 

30 2.0 3.65 450 80 12 6.5 1.2 1.6 0.8 SOO N. -•-• 
Class-C Amp. (Telegraphy) 450 ••••• 80 12 "''- M=IM 7.5 
Class-C Amp. (Telephony) 400 -•••- 40 12 - •=1.11 6.5 

809 30 6.3 2.5 1000 125 - 50 5.7 6.7 0.9 60 M. 3G 

Class.0 Amp. (Telegraphy) 1000 - 75 100 25 3.8 M=M 73 
Class-C Amp. (Telephony) 750 - 60 100 32 4.3 =MI ss 
Class-8 Amp. Audio 7 1000 - 9 40/200 155 , 2.7 , 11600 145 

1623 30 6.3 2.5 1000 100 25 20 5.7 6.7 oe 60 M. 3G 

Class-C Amp.-Oscillator 1000 - 90 100 20 3.1 75 

Class-C Amp. (Telephony) 750 -125 100 20 4.0 - 55 

112=1 1000 - 40 30/200 230 , 4.2 , 12000 145 

S3A 35 5.0 12.5 13000 - - 33 3.6 1.9 0.4 -,--. N. T-48 Oscillator at 300 Mc. Approximately 50 watts output 

RK301 35 7.5 3.25 1250 80 25 15 2.75 2.5 2.75 60 M. 20 
Class-C Amp. (Telegraphy) 1250 -180 90 18 5.2 •-•••• 85 

Class-C Amp. (Telephony) 1000 -200 80 15 4.5 11=11. 60 

800 33 7.5 3.25 1250 80 25 15 2.75 2.5 2.75 60 M. 20 

Class-C Amp. (Telegraphy) 1250 -175 70 15 4.0 1111=M as 

Class-C Amp. (Telephony) 1000 -200 70 15 4.0 1.=1. so 
Class-8 Amp. Audio 7 1250 - 70 30/130 300 , 3.4 5 21000 106 

35-

1628 1 40 3.5 3.25 1000 60 13 23 2.0 2.0 0.4 500 N. T-481 

Class-C Amp.-Oscillator 1000 - 65 50 15 1.7 

Class-C Amp. (Telephony) 22 

• • • • • • 20 

8012 
GL-8012-A 

40 6.3 2.0 1000 $0 20 18 
2.7 

2.7 

2.8 

2.5 

0.35 

0.4 
SOO N. T-481 

Class-C Amp.-Oscillalor • • • . - 35 

Class-C Amp. (Telephony) 800 -105 40 10.5 1.4 - 22 

1000 -135 50 4.0 3.5 111=IM 20 

Mill 7.5 3.0 1250 100 40 18 6.0 4.8 1.8 60 M. 3G 
Class-C Annp. (Telegraphy) 1250 -160 100 12 2.8 95 

Class-C Amp. (Telephony) 1000 -160 50 13 3.1 64 



TABLE XVI- TRIODE TRANSMITTING TUBES-Continued 

Typo 

Max' 
Plate 
Dissl- 
potion 
Watt. 

Cathode 
Max. 
Plate 

Voltage 

Max • 
Nate 

Current .. 
"di* 

Max. 
D.C. 
Grid 

Current 
Ma. 

Amp. 
Factor 

Interee lctrode 
Capadtances (Md.) 

Max. 
F.q. 

Mc. 
Full 

Ratings 

Base   
Socket 
C - 
lions 

Typical Operation 
Plat. 

Voltage 
Grid 

Voltage 

...Plate 

...torrent , 
"""• 

D.C. 
Grid .. s.urrent 
Ma' 

A PPfex• 
...Grid 
Driving 
power 

Watts 

Class II 
P-to-P 

Load Res. 
Ohms 

Approx. 
Output 
Power 
Watts Volts Amp. 

Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

RK3I 40 7.5 3.0 1250 100 35 170 7.0 1.0 2.0 30 M. 3G 
Class-C Amp. (Telegraphy) 1250 - 80 100 30 3.0 - 90 

Class-C Amp. (Telephony) 1000 - 80 100 28 3.5 - 70 

HY40 1 40 7.5 2.25 1000 125 25 25 6.1 5.6 1.0 60 M. 3G 

Class-C Amp. (Telegraphy) 1000 - 90 125 20 5.0 - 94 

Closs-C Amp. (Telephony) 850 - 90 125 25 5.0 - 82 

Grid-Modulated Amp. 1000 ii- 125 -  -i-- 20 

HY40Z 1 40 7.5 2.6 1000 125 30 80 6.2 6.3 0.8 60 M. 3G 

Class-C Amp. (Telegraphy) 1000 - 27 125 23 5.0 - 94 

Class-C Amp. (Telephony) 850 - 30 100 30 7.0 -.- 82 

Grid-Modulated Amp. 1000 -.- 60 - ••••••• --- 20 

T40 40 7.5 2.5 1500 150 40 25 4.5 4.8 0.8 60 M. 3G 
Class-C Amp.-Oscillator 1500 -140 150 28 9.0 --.. 158 

Class-C Amp. (Telephony) 1250 -115 115 20 5.25 iii- 104 

TZ40 40 7.5 2.5 1500 150 45 62 4.8 5.0 0.8 60 M. 3G 

Class-C Amp.-Oscillator 1500 - 90 150 38 10 - 165 

Class-C Amp. (Telephony) 1250 -100 125 30 7.5 i--- 116 

Class-B Amp. Audio 7 1500 - 9 250 8 285 ' 6.0 e 12000 250 

14157 40 6.3 2,25 

• 

850 110 25 50 4.9 5.1 1.7 60 M. 3G 

Class-C Amp. (Telegraphy) 850 - 48 110 15 2.5 -. 70 

Class-C Amp. (Telephony) 700 - 45 90 17 5.0 - 47 

Grid-Modulated Amp. 850 -. 70 - -  •--i 20 
756 , 40 7.5 2.0 ' 850 110 25 8.0 3.0 7.0 2.7 M. 4D Class-C Amplifier 850 ---• 110 25 -• ...- - 

830' 40 10 2.15 750 110 18 8.0 4.9 9.9 2.2 15 M. 4D  
Class-C Amplifier 750 -180 110 18 7.0 ' 55 

Grid-Modulated Amp. 1000 -200 SO 2.0 3.0 15 
3-50A4 

35T 
3-5004 
35TG 

50 5.0 4.0 2000 150 50 39 
4.1 

2.5 

1.8 

1.8 

0.3 

0.4 

100 

100 

M. 

M. 

3G 

20 

Class-C Amp. (Telegraphy) 2000 -135 125 45 13 -..- 200 

Class-C Amp. (Telephony) 1500 -150 90 40 11 -i- 105 

Class-B Amp. Audio 7 2000 - 40 4/167 255 e 4.0 e 27500 235 
8010-R 50 6.3 2.4 1350 150 20 30 2.3 1.5 0.07 350 N. Class-C Amplifier -- --• •-• - - - 

RK321 50 7.5 3.25 1250 100 25 II 2.5 3.4 0.7 100 M. 2D 
aass-C Amp. (Telegraphy) 1250 -225 100 14 4.8 •-• 90 

Class-C Amp. (Telephony) 1000 -310 100 21 8.7 -••••• 70 

RK351 50 7.5 4.0 1500 125 20 9.0 3.5 2.7 0.4 60 M. 20 

Class-C Amp. (Telegraphy) 1500 -250 115 15 3.0 -. 120 

Class-C Amp. (Telephony) 1250 -250 100 14 4.6 ••••• 93 

Grid-Modulated Amp. 1500 -180 37 2.0 -• 25 

RK37 50 7.5 4.0 1500 125 35 28 3.5 3.2 0.2 60 M. 20 

Class-C Amp. (Telegraphy) 1500 -130 115 30 7.0 -ii 122 

Class-C Amp. (Telephony) 1250 -150 100 23 5.6 -... 90 

Grid-Modulated Amp. 1500 - SO 50 -i-i. 2.4 -••• 26 

3-50G2 
UH50 

50 7,5 3.25 1250 125 25 10.6 2.2 2.6 0.3 60 M. 20 

Class-C Amp. (Telegraphy) 1250 -225 125 20 7.5 -. 115 

Class-C Amp. (Telephony) 1250 -325 125 20 10 - 115 

Grid-Modulated Amp. 1250 -200 60 2.0 3.0 -••• 25 

UH51 1 50 5.0 6.5 2000 175 25 10.6 2.2 2.3 0.3 60 M. 20 

Class-C Amp. (Telegraphy) 2000 -500 150 20 15 -i» 225 

Class-C Amp. (Telephony) 1500 -400 165 20 15 i-i»-i• 200 

Grid-Modulated Amp. 1500 -400 85 2.0 8.0 •-• 63 

HK54 50 5.0 5.0 3000 150 30 27 1.9 1.9 0.2 100 M. 20 

Class-C Amp. (Telegraphy) 3000 -290 100 25 10 -• 250 

Class-C Amp. (Telephony) 2500 -250 100 20 8.0 - 210 

Class-11 Amp. Audio , 2500 - 85 20/150 360 , 5.0 40000 275 

HK154 . 50 5.0 6.5 1500 175 30 6,7 4.3 5.9 1.1 60 M. 20 

Class-C Amp. (Telegraphy) 1500 -590 167 20 15 -•-• 200 

Class-C Amp. (Telephony) 1250 -460 . 170 20 12 -.•• 162 

Grid-Modulated Amp. 1500 -450 52 -i-i• 5.0 •-• 28 

HK158 50 12.6 2.5 2000 200 40 25 4,7 4.6 1.0 60 M. 2D 
Class-C Amp.-Oscillator 2000 -150 125 25 6.0 •-• 200 

Class-C Amp. (Telephony) 2000 -140 105 25 5.0 -» 170 

WE304A 1 
3048 

50 7.5 3.25 1250 100 25 11 2.0 2.5 0.7 100 M. 2D 
Class-C Amp. (Telegraphy) 1250 -200 100 - - ii-i- 85 

Class-C Amp. (Telephony) 1000 -180 100 -•• -. 65 



TABLE XVI- TRIODE TRANSMITTING TUBES-Continued 

Typo 

Max. 
Plate 
Dissi- 
potion 
Watts 

calked, 
Max. 
Plate 

Voltage 

Max • 
Plah 

Current 
m  a* 

Max. 
D.C. 
Grid 

Current 
Ma. 

Amp. 
Factor 

Interelectrode 
Capacitances (p fd.) Max. 

Fasa. 

Mc. 
Full 

Ratings 

Base 
Socket 
Conner- 
lions 

Typical Operation 
Plate 

Voltage 
Grid 

Voltage 

Plate 
Current 
ma • 

D.C. 

Current 
Ma 
' 

A les."' 
Grid 

''''veg Power 
Wafts 

Class 8 
P-te-P 

Load Res. 
Ohms 

Approx. 
Output 
Power 
Watts Volts Amp. 

Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

356A 50 5.0 5.0 1500 120 35 SO 2.25 2.75 1.0 60 N. T-4110 
Class-C Amp. (Telegraphy) 1500 - 60 100 -. -• 100 

Class-C Amp. (Telephony) 1250 -100 100 35 ..... .. 85 

808 50 7.5 4.0 1500 150 35 47 5.3 2.8 0.15 30 M. 20 

Class-C Amp. (Telegraphy) 1500 -200 125 30 9.5 140 

Class-C Amp. (Telephony) 1250 -225 100 32 10.5 105 

Class-13 Amp. Audio , 1500 - 25 30/190 220 , 4.8 5 18300 185 

834 50 7.5 3.1 1250 100 20 10.5 2.2 2.6 0.6 100 M. 20 
Class-C Amp. (Telegraphy) 1250 -225 90 15 4.5 .- 75 
Class-C Amp. (Telephony) 1000 -310 90 17.5 6.5 ---• 58 

841A , 50 10 2.0 1250 150 30 14.6 3.5 9.0 2.5 -... M. 3G Class-C Amplifier -- -..-• -•-• -- ..-• -. 83 
841SW 50 10 2.0 1000 150 30 14.6 9.0 -, M. 3G Class-C Amplifier -. -. - --•-• -.-• -.... 

T55 55 7.5 3.0 1500 150 40 20 5.0 3.9 1.2 60 M. 3G 
Class-C Amp. (Telegraphy) 1500 -170 150 18 6.0 .- 170 

Class-C Amp. (Telephony) 1500 -195 125 15 5.0 145 

811 55 6.3 4.0 1500 150 50 160 5.5 5.5 0.6 60 M. 3G 

Class-C Amp. (Telegraphy) 1500 -113 150 35 8.0 170 

Class-C AMP. (Telephony) 1250 -125 125 50 11 120 

Class-8 Amp. Audio 7 1500 - 9 20/200 150 9 3.0 , 17600 220 

812 55 6.3 4.0 1500 150 35 29 5.3 5.3 0.8 60 M. 3G 
Class-C Amp. (Telegraphy) 1500 -175 150 25 6.5 .... 170 

Class-C Amp. (Telephony) 1250 -125 125 25 6.0 - 120 

Class-11 Amp. Audio 7 1500 - 45 50/200 232 , 4.7 a 18000 220 

RK51 60 7.5 3.75 1500 150 40 20 6.0 6.0 2.5 60 M. 3G 
Class-C Amp. (Telegraphy) 1500 -250 150 31 10 - 170 

Class-C Amp. (Telephony) 1250 -200 105 17 4.5 - 96 

Grid-Modulated Amp. 1500 -130 60 0.4 2.3 - 128 

RK52 60 7.5 3.75 1500 130 50 170 6.6 12 2.2 60 M. 3G 
Class-C Amp. (Telegraphy) 1500 -120 130 40 7.0 - 133 

Class-C Amp. (Telephony) 1250 -120 115 47 8.5 -- 102 

Class-8 Amp. Audio , 1250 0 40/300 180 , 7.5 a 10000 250 
T-60 60 10 2.3 1600 150 50 20 5.5 5.2 2.5 60 M. 20 Class-C Amp.-Oscillator 1500 -150 150 50 9.0 - 100 

826 55 7.5 4.0 1000 140 40 31 3.0 2.9 1.1 250 N. 7110 
Class-C Amp.-Oscillator 1000 - 70 130 35 5.8 -.. 90 

Class-C Amp. (Telephony) 1000 -160 95 40 11.5 ...-• 70 

Grid-Modulated Amp. 1000 -125 65 9.5 8.2 -. 25 

8308 
93011 60 10 2.0 1000 150 30 25 5.0 11 1.8 15 M. 3G 

Class-C Amp.-Oscillator 1000 -110 140 30 7.0 - 90 

Class-C Amp. (Telephony) 800 -150 95 20 5.0 - SO 

Class-B Amp. Audio 7 1000 - 35 20/280 270 9 6.0 8 7600 175 

811-A 65 6.3 4.0 1500 175 50 160 5.9 5.6 0.7 60 M. 3G 

Class-C Amp. (Telegraphy) 1500 - 70 173 40 7.1 -. 200 

Class-C Amp. (Telephony) 1250 -120 140 45 10.0 -- 135 

Class-II Amp. Audio 9 1500 - 4.5 32/313 170 1 4.4 8 12400 340 

812-A 65 6.3 4.0 1500 175 35 29 5.4 5.5 0.77 60 M. 3G 

Class-C Amp. (Telegraphy) 1500 -120 173 30 6.5 - 190 

Class-C Amp. (Telephony) 1250 -115 140 35 7.6 130 

Class-B Audio 7 1500 - 48 78/310 270 9 3.0 13200 340 

HY51A 1 
HY51B 1 65 

7.5 
10 

3.5 
2.25 1000 175 25 25 6.5 7.0 1.1 60 M. 3G 

Class-C Amp. (Telegraphy) 1000 - 75 175 20 7,5 ... 131 

Class-C Amp. (Telephony) 1000 -67.S 130 15 7.5 104 

Grid-Modulated Amp. 1000 - 100 -.- ........ ,-.. 33 

HY51Z1 65 7.5 3.5 1000 175 35 85 7.9 7.2 0.9 60 M. 480 

Class-C Amp. (Telegraphy) 1000 -22.5 175 35 10 -.. 131 

Class-C Amp. (Telephony) 1000 - 30 130 35 10 .-.. 104 

Grid-Modulated Amp. 1000 •-•-•• 100 -..,. ....... 33 

5514 65 7.5 3.0 1500 175 60 145 7.8 7.9 1.0 60 M. 480 

Class-C Amp. (Telegraphy) 1500 -106 175 60 12 •••••• 200 

Class-C Amp. (Telephony) 1250 - 04 142 60 10 .....» 135 

Class-B Audio 1500 -4.5 350 1 58* 6.5 8 10500 400 



TABLE XVI - TRIODE TRANSMITTING TUBES- Continued 

Type 

Max. 
Plate 
Dissi- 
potion 
Watts 

Cathode ax. 
Max' 
Plate 

Voltage 

MaxMax. 
Plum 

Current 
m  ci" 

D.C* 
Grid . 

Current 
Ma. 

Amp. 

Factor 

Interelectrode 
Capacitances (add.) 

Ma x. 
Freq. 

Mc. 
Full 

Ratings 

Base 
Socket 
Connec- 
lions 

Typical Operation 
Plate 

Voltage 
Grid 

Voltage 

Plate 
Current 
ma • 

D C • • 
Grid . 

Curren' 
Ma • 

A PP."' Grid 
Driving 
Power 

Watts 

Class II 

Load Res. 
Ohms 

Approx. 
Output 
Power 
Watts 

Volts Amp. 

Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

UH35 1 70 5.0 4.0 1500 150 35 30 1.4 1.6 0.2 60 M. 3G 
Class-C Amp. (Telegraphy) 1500 -170 150 30 7.0 - 170 

Class-C Amp. (Telephony) 1500 -120 100 30 5» 120 

V70 
V706 70 10 2.5 1500 140 25 14 5.0 9.0 2.3 

- 
J . 
M. 

3N 

3G 

Class-C Amp. (Telegraphy) 1500 -215 130 6.0 3.0 -.....w, 140 

Class-C Amp. (Telephony) 1250 -250 130 6.0 3.0 -. 120 

V70A 
V70C 70 10 2.5 1500 140 20 25 5.0 9.5 2.0 - 

 j' 

M. 

3N 

30 

Class-C Amp. (Telegraphy) 1000 -110 140 30 7.0 -.- 90 

Class-C Amp. (Telephony) 800 -150 95 20 5.0 50 
SOT 1 75 5.0 6.0 3000 100 30 12 2.0 2.0 0.4 - M. 20 Class-C Amplifier 3000 -600 100 25 -••-• 250 

3-75A3 
75TH 

75 5.0 6.25 3000 225 
40 20 2.7 2.3 0.3 

40 M. 
2D 

Class-C Amp. (Telegraphy) 2000 -200 150 32 10 225 
 Class-8 Amp. Audio , 2000 - 90 50/225 350 , 3, 19300 300 

3-75A2 
75TL 35 12 2.6 2.4 0.4 20 

Class-C Amp. (Telegraphy) 2000 -300 150 21 a - 225 

Class-8 Amp. Audio , 2000 -160 50/250 535 , 5, 18000 350 

HF-60 75 10 2.5 1600 160 --.- 28 5.4 5.2 1.5 30 M. 20 

aass-C Amp. (Telegraphy) 1600 -190 158 12 3.5 - 200 

Class-C Amp. (Telephony) 1250 -190 113 8 2.5 - 110-

Class-8 Amp. Audio , 1600 - 75 50/248 310 , 3.0 13800 262 

ZB-60 75 10 2.5 1600 160 40 80 6.1 5.8 1.85 30 M. 2D Class-C Amp. (Telegraphy) 1500 - 95 158 31 6.0 ...- 190 

Class-11 Amp. Audio , 1500 - 9 30/305 208 , 12.5 11200 320 

111H 75 10 2.5 1500 160 30 23 5.0 4.6 2.9 30 M. 20 

Class-C Amp. (Telegraphy) 1500 -200 150 18 6.0 - 170 

Class-C Amp. (Telephony) 1250 -250 110 21 8.0 - 105 

Class-8 Amp. Audio 7 1750 - 62 40/270 324, 9.0 16000 350 
HF75 75 10 3.25 2000 120 - 12.5 -.-» 2.0 - 75 M. 20 Class-C Oscillator-Amp. 2000 120 -. - - 150 

TW75 75 7.5 4.15 2000 175 60 20 3.35 1.5 OJ 60 M. 20 
Class-C Amp.-Oscillator 2000 -175 150 37 12.7 - 225-

Class-C Amp. (Telephony) 2000 -260 125 32 13.2 - 198 

T-100 
HF100 75 10 2.5 1500 150 30 23 4.0 4.5 2.6 30 M. 2D 

Class-C Amp. (Telegraphy) 1500 -200 150 18 6.0 - 170 

Class-C Amp. (Telephony) 1250 -250 110 21 8.0 - 105 

Grid-Modulated Amp. 1500 -280 72 1.5 6.0 - 42 

Class-11 Amp. Audio , 1750 - 62 40/270 324 , 9.0 , 16000 350 

UE-100 73 10 2.5 1750 150 30 23 3.5 4.5 1.4 30 M. 20 
Class-C Amp. (Telegraphy) 1500 -200 150 18 6.0 •-••-• 170 

Class-C Amp. (Telephony) 1250 -250 120 21 8.0 ••••-... 105 

Class-8 Audio , 1750 - 62 540 , - 9.0 16000 350 

Z8120 75 10 2.0 1250 160 40 90 5.3 5.2 3.2 30 J. 4E 

Class-C Amp. (Telegraphy) 1250 -135 160 23 5.5 -• 145 

Class-C Amp. (Telephony) 1000 -150 120 21 5.0 -...... 95 

Grid-Modulated Amp. 1250 -» 95 8.0 1.5 - 45 

Class-8 Amp. Audio , 1500 - 9 60/296 196 , 5.0 , 11200 300 
3278 75 10.5 10.6 - - - 30 3.4 2.45 0.3 - N. T-4AD --• -.-. -..- ..-. .....- - 

242A 85 10 3.25 1250 150 50 12.5 6.5 13 4.0 6 J. 4E 
Class-C Amp. (Telegraphy) 1250 -175 150 .-w-• -•-• -... 130 

Class-C Amp. (Telephony) 1000 -160 150 SO .«..... -.• 100 

2540 85 10 3.25 1250 150 100 4.8 6.0 8.3 5.6 -. J. 4E 
Class-C Amp. (Telegraphy) 1250 -500 150 - 125 

Class-C Amp. (Telephony) 1000 -450 150 SO -. -.- 100 

Class-11 Amp. Audio , 1250 -250 30/200 - -•-• 11200 140 

812-H 85 6.3 4.0 1750 200 45 .- 5.3 5.3 0.8 30 M. 3G 

Class-C Amp. (Telegraphy) 
1750 -175 170 26 6.5 225 

1250 -125 125 25 5.0 ••-• 116 

Class-C Amp. (Telephony) 
1500 -125 165 21 6.0 180 

1250 -125 125 25 6.0 120 

Class-8 Amp. Audio 7 1500 - 46 42/200 - 15000 225 
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/ 
' 
Type 

Max- 
Plate 
Dissi 
potion 
Watts 

Cathode 
Max. 
Plate 

Voltage 

Max.' 
Plate 

Current 
m  a' 

ax. 
D.C. 
Grid 

Current 
Ma. 

Amp. 
Factor 

Interelectrode 
Capacitances (µµfd.) Max. 

Freq. 
Mc. 
Full 

Ratings 

Itase 
Socket 
Cannot- 
Hens 

Typical Operation Plate 
Voltage 

Grid 
Voltage 

Plate 
Current 
ma • 

D.C. 
Grid 

Current 
Mo. 

Amer - ex• 
Grid 

Driving 
Power 

Watts 

Class 8 
P-to-P 

Load Res. 
Ohms 

Approx. 
Output 
Power 
Watts Volts Amp. 

Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

8005 85 10 3.25 1500 200 45 20 6.4 5.0 1.0 60 M. 3G 

Class-C Amp.-Telegraphy 1500 -130 200 32 7.5 -. 220 
Class-C Amp. (Telephony) 1250 -195 190 28 9.0 -• 170 
Class-8 Amp. Audio , 1500 - 70 40/310 310 , 4.0 10000 300 

V-70-D 85 7.5 3.25 1750 200 45 - 4.5 4.5 1.7 30 M. 3G 

Class-C Amp. (Telegraphy) 
1750 -100 170 19 3.9 - 225 
1500 - 90 165 19 3.9 -. 195 

Class-C Amp. (Telephony) 
1500 - 90 165 19 3.7 - 185 
1250 - 72 127 16 2.6 - 122 

RK36 7 100 5.0 8.0 3000 165 35 14 4.5 5.0 1.0 60 M. 2D 

Class-C Amp. (Telegraphy) 2000 -360 150 30 15 - 200 
Class-C Amp. (Telephony) 2000 -360 150 30 15 - 200 
Grid-Modulated Amp. 2000 -270 72 1.0 3.5 - 42  

225 
RK313 1 100 5.0 8.0 3000 165 40 -.- 4.6 4.3 0.9 60 M. 20 

Class-C Amp. (Telegraphy) 2000 -200 160 30 10 - 
Class-C Amp. (Telephony) 

-Grid-Modulated 

2000 -200 160 30 10 - 225 
Amp. 2000 -150 80 2.0 5.5 - 60 

3-100A4 
100TH 

100 5.0 6.3 3000 225 60 40 2.9 2.0 0.4 40 M. 20 

Class-C Amp. (Telegraphy) 
3000 -200 165 51 18 - 400 

11:-10-  

Class-C Amp. (Telephony) 

Grid-Modulated Amp. 3000 -400 70 3.0 7.0 - 

Class-11 Amp. (Audio); 3000 - 65 40/215 335 5 5.0 ' 31000 650 

3-100A2 
100TL 

100 5.0 6.3 3000 225 50 14 2.3 2.0 0.4 40 M. 20 

Class-C Amp. (Telegraphy) 
3000 -400 165 30 20 --- 400 

Class-C Amp. (Telephony) 

Grid-Modulated Amp. 3000 -560 60 2.0 7.0 - 90  

450 Class-B Amp. (Audio) 7 3000 -185 40/215 640 ' 6.0 ' 30000 

VT127A 100 5.0 10.4 3000 - -••• 15.5 2.7 2.3 0.35 150 N. T-411 
Class-C Amp. (Telegraphy) 2000 -340 210 67 25 - 315 
Class-B Amp. (Audio), 1500 -125 242 44 7.3 3000 200 

227A 100 10.5 10.7 --.- - 31 3.0 2.2 0.30 - N. T-48 Oscillator at 200 Mc. --------- - - 
327A 100 10.5 10.7 - •- - 31 3.4 2.3 0.35 - N. T-4AD Oscillator at 200 Mc. ------ - - - --•• 

HK254 100 5.0 7.5 4000 200 40 25 3.3 3.4 1.1 50 J. 2N 

Class-C Amp. (Telegraphy) 4000 -380 120 35 20 ..- 475 
Class-C Amp. (Telephony) 3000 -290 135 40 23 -... 320 
Grid-Modulated Amp. 3000 - 51 3.0 4.0 - 58 
Class-8 Amp. (Audio) , 3000 -100 40/240 456 , 7.0 , 30000 520 

RK 58 100 10 3.25 1250 175 70 - 8.5 6.5 10.5 -,-.. .1. 3N 
Class-C Amp. (Telegraphy) 1250 - 90 150 30 6.0 - 130 
Class-C Amp. (Telephony) 1000 -135 150 50 16 - 100 

V1F120 
i•IF 125 - 100 

100 10 3.25 1250 175 50 12 5.5 12.5 3.5 15 J. 4F Class-C Amp.-Oscillator 1250 -300 166 8 3.5 - 148 
10 3.25 1500 175 -..- 25 ---• 11.5 --. 30 J. -.-- Class-C Amp.-Oscillator 1500 - 175 - ---- - 200 

HF140 100 10 3.25 1250 175 ...- 12 5.5 13.0 4.5 15 J. 4F Class-C Amo.-Oscillator 1250 -300 166 8 3.5 I - 148 

203A 
303A 

100 10 3.25 1250 175 60 25 6.5 14.5 5.5 15 J. 4E 

Class-C Amp. (Telegraphy) 1250 -125 130 25 7.0 - 130 
Class-C Amp. (Telephony) 1000 -135 150 50 14 - 100 
Class-8 Amp. (Audio) 7 1250 - 45 26/320 330 , 11' 9000 260 

203H 100 10 3.25 1500 175 60 25 6.5 11.5 1.5 15 J. 3N 

Class-C Amp. (Telegraphy) 1500 -200 170 12 3.8 - 200 
Class-C Amp. (Telephony) 1250 -160 167 19 5.0 - 160 
Class-8 Amp. (Audio) , 1500 - 52 30/320 304 ' 5.5 , 11000 340 

211 
311 
835 , 

100 10 3.25 1250 175 50 12 6.0 
6.0 

14.5 
9.25 

5.5 
5.0 

15 J. 4E 
Class-C Amp. (Telography) 1250 -225 150 18 7.0 - 130 
Class-C Amp. (Telephony) 1000 -260 150 35 14 - 100 
Class-8 Amp. (Audio) , 1250 -100 20/320 410 , 8.0 , 9000 260 

2428 
3428 

100 10 3.25 1250 150 50 12.5 7.0 13.6 6.0 6 J. 4E 
Class-C Amp. (Telegraphy) 1250 -175 150 - -...-.• - 130 

Class-C Amp. (Telephony) 1000 -160 150 50 - - 100 
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Type 

Max. 
Plate 
Dissi- 
potion 
Weis 

Cathode 
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Plate 

Voltage 
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Plate 

Current 
m  

Max. 
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Current 
Ma. 

Amp. 
Factor 

Interelectrode 
Capacitances ( iagfcl.) 

Max. 
F,e, 
Mc 
Fu II 

Rafings 

I 
Socket 
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Plate 

Voltage 
Grid 

Voltage 

Plate 
Current 
m .. 

D.0 • 
Grid 

Current 

' 

Approx. 
Grid 

Driving 
p,... 

Moth 

Class 8 
P-to-P 

Load Res. 
Ohms 

Approx. 
Output 
Power 
Wails Grid 

to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

Volts Amp. 

242C 100 10 3.25 1250 150 50 12.5 6.1 13.0 4.7 6 J. 4E 

Class.0 Amp. (Telegraphy) 1250 -175 150 -. .-.- -- 130 

Class-C Amp. (Telephony) 1000 -160 150 30 - -- 100 

Class-11 Amp. (Audio) 7 1250 - 80 25/150 .-- 25 5 7600 200 

261A 
361A 

100 10 3.25 1250 150 50 12 6.5 9.0 4.0 30 J. 4E 

Class-C Amp. (Telegraphy) 1250 -175 125 .-. - -- 100 

Class.0 Amp. (Telephony) 1000 -160 150 50 - - 100 
Class-8 Amp. (Audio) 7 1250 - 90 20/150 - 25 3 7200 200 

276A 
376A 

100 10 3.0 1250 125 50 12 6.0 9.0 4.0 30 J. 4E 

Class-C Amp. (Telegraphy) 1250 -175 125 -. - -- 100 

Class-C Amp. (Telephony) 1000 -160 125 50 
--. - 85 

Class-B Amp. (Audio) 7 1250 - 90 20/125 - 25 , 9000 175 

2848 100 10 3.25 1250 150 100 5.0 4.2 7.4 5.3 -- J. 3N 

Class.0 Amp. (Telegraphy) 1250 -SOO 150 - --- --.- 125 

Class-C Amp. (Telephony) 1000 -430 150 SO - - 100 

Class-8 Amp. (Audio) 7 1250 -245 15/150 - 10 , 7200 200 

295A 100 10 3.25 1250 175 50 25 6.5 14.5 5.5 ..- J. 4E 

Class-C Amp. (Telegraphy) 1250 -125 150 - --. - 125 

Class-C Amp. (Telephony) 1000 -125 150 50 - --- 100 

Class-8 Amp. (Audio) , 1250 - 40 12/160 - 20 , 9000 250 

838 
938 

100 10 3.25 1250 175 70 --•• 6.5 8.0 5.0 30 J. 4E 

Class-C Amp. (Telegraphy) 1250 - 90 150 30 6.0 -- 130 

Class-C Amp. (Telephony) 1000 -135 150 60 16 - 100 
Class-8 Amp. (Audio) 1250 0 148/320 200 3 7.5 5 9000 260 

852 100 10 3.25 3000 150 40 12 1.9 2.6 1.0 30 M. 20 

Class-C Amp. (Telegraphy) 3000 -600 85 15 12 -- 165 

Class-C Amp. (Telephony) 2000 -500 67 30 23 -- 75 

Class-8 Amp. (Audio) , 3000 -250 14/160 780 , 3.5 5 10250 320 

5648 77 100 6.3 1.1 1000 100 50 100 8.75 1.95 0.035 2500 N. 
Class-C Amp. (Telegraphy) 1000 - 50 50 18 4 --- 30 

Class-C Amp. (Telephony) 600 - 25 55 22 6 .-- 20 

8003 100 10 3.25 1500 250 50 12 5.8 11.7 3.4 30 J. 3N 

Class-C Amp.-Oscillator 1350 -180 245 35 11 ---w 250 

Class-C Amp. (Telephony) 1100 -260 200 ' 40 15 --- 167 

Class-8 Amp. (Audio) , 1350 -100 40/490 I 480 , 10.5 5 6000 460 

3X100All 
2C39 

100 6,3 1.1 1000 60 40 100 6.5 1.95 0.03 SOO N. - "Grid Isolation" Circuit 600 - 35 60 40 5.0 -- 20 

2C39A 100 6.3 1.0 1000 80 50 100 6.5 1.95 .035 SOO N. 
Class-C Amplifier 800 - 20 80 32 6 - 27 

Class-C Amp. (Telephony) 600 - 16 75 40 6 - 18 

311-CH 125 10 3.25 1750 200 50 12 5.5 8.0 4.5 30 J. Fig. 57 

Class.0 Amp. (Telegraphy) 1750 -200 200 20 4.5 - 260 

Class-C Amp. (Telephony) 1250 -200 166 8 3.5 - 148 

Class-8 ( Audio) , 1500 -110 400 e .-- --- 8200 400 

3C22 125 6.3 2.0 1000 150 70 40 4.9 2.4 0.05 SOO 0. Fig. 30 Class-C Amp.-Oscillator 1000 -200 150 70 -,--- - 65 

4C36 125 5 7.5 4000 --• 29 3.2 3.0 0.4 60 J. Fig. 56 Class-C Amp.-Oscillator - -..... -. - 18 - 480 

F - 123-A 
DR- 123C 

125 10 4.0 2000 300 75 14.5 6.5 8.5 3.3 ---. J. Fig. 26 

Class-C Amp. (Telegraphy) 1500 -250 250 30 11 - 300 

Class-C Amp. (Telephony) 1300 -290 160 25 10 - 200 

Class-8 Amp. (Audio) , 2000 -130 30/175 217 9 3.4 5 13800 522 

RK57 /805 125 10 3.25 1500 210 70 ••••• 6.5 8.0 5.0 30 J. 3N 

Class-C Amp. (Telegraphy) 1500 -105 200 40 8.5 - 215 

Class-C Amp. (Telephony) 1250 -160 160 60 16 - 140 

Class-11 Amp. (Audio) 7 1500 - 16 84/400 280 5 7.0 5 8200 370 

T125 125 10 4.5 2500 250 60 25 6.3 6.0 1.3 60 J. 2N 
Class-C Amp. (Telegraphy) 2500 -200 240 31 11 - 475 

Class-C Amp. (Telephony) 2000 -215 200 28 10 -- 320 

HF130 125 10 3.25 1250 210 - 12.5 5.5 9.0 3.5 20 J. - Class-C Amp.-Oscillator 1250 -250 200 10 3.5 ---. 170 

HF150 125 10 3.25 1500 210 - 12.5 5.5 7.2 1.9 30 J. -. Class-C Amp.-Oscillator 1500 -300 200 10 4 - 220 

HF175 125 10 4.0 2000 250 - 18 4.8 6.3 2.7 25 J. T-3AC Class-C Amp.-Oscillator 2000 -250 200 23 9 - 320 
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Plate 
Dissi 
potion 
Wan, 
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Plate 

Voltage 
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Curren 1 
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Current 
Ma. 
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Plate 
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Ma' 

A PPnix* 
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Power 
Watts 

Class 8 
P-to-P 

Load Res. 
Ohms 
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Output 
Power 
Watts Volts Amp. 

Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

GL146 125 10 3.25 1500 200 60 75 7.2 9.2 3.9 15 J. T-48G 

Class-C Amp-Oscillator 1250 -150 180 30 --. ---- 150 
Class-C Amp. (Telephony) 1000 -200 160 40 •-••••• 100 
Class-B Amp. (Audio) 7 1250 0 34/320 - ---- 8400 250 

GLIS2 125 10 3.25 1500 200 60 25 7.0 8.8 4.0 15 J. T-4BG 

Class-C Amp.-Oscillator 1250 -130 180 30 .--- - 150 
Class-C Amp. (Telephony) 1000 -200 160 30 - .... 100 

Class-8 Amp. (Audio) , 1250 - 40 16/320 ... 8400 250 

805 125 10 3.25 1500 210 70 40/60 8.5 6.5 10.5 30 J. 3N 

Class-C Amp. (Telegraphy) 1500 -105 200 40 8.5 215 

Class-C Amp. (Telephony) 1350 -160 160 60 16 140 
Class-B Amp. (Audio) 7 1500 - 16 84/400 280' 7.0 , 8200 370 

AX9900/ 
5866 12 

135 6.3 5.4 2500 200 40 25 5.8 5.5 0.1 150 N. Fig. 5 
Class-C Amp. (Telegraphy) 2500 -200 200 40 16 •-•.. 390 
Class-C Amp. (Telephony) 2000 -225 127 40 16 «....-.. 204 ' 

Class-8 (Audio); 2500 - 90 80/330 350 9 14 8 15680 560 
3X150A3 
3C37 150 6.3 2.5 1000 

3000T ó0 

- -. 23 4.2 3.5 0.6 SOO N. .-.•- -..-•• -.. -w... .w.-

150T ' 150 5.0 10 50 13 3.0 3.5 0.5 - J. 2N Class-C Amp. (Telegraphy) 3000 -600 200 35 - 450 

3-150A3 
152TH 

150 5/10 
12.51 

3000 450 
85 20 5.7 4.5 0.8 

40 J. 

411C 
Class-C Amp. (Telegraphy) 3000 -300 250 70 27 - 600 - 

Class-8 Amp. (Audio) 7 3000 -150 67/335 430 9 3.0! 20300 700 
3-150A2 
152TL 

6.25 
75 12 4.S 4.4 0.7 4BC 

Class-C Amp. (Telegraphy) 3000 -400 250 40 20 - 600 

Class-8 Amp. (Audio) , 3000 -260 65/335 675 , 3.0 , 20400 700 

TWISO 150 10 4.1 3000 200 60 35 3.9 2.0 0.8 -. J. 2N 
Class-C Amp.-Oscillator 3000 -170 200 45 17 ..w..-» 470 

Class-C Amp. (Telephony) 3000 -260 165 40 17 - 400 

HK252-1. 150 5/10 13/6.5 3000 SOO 75 10 7.0 5.0 0.4 125 N. 48C 
Class-C Amp.-Oscillator 3000 -400 250 30 15 -. 610 
Class-C Amp. (Telephony) 2500 -350 250 35 16 - 500 

DR200 
HF 200 
HV18 

150 10-11 3.4 2500 200 50 18 5.2 5.8 1.2 20 J. 2N 

Class-C Amp. (Telegraphy) 2500 -300 200 18 8.0 - 380 
Class-C Amp. (Telephony) 2000 , -350 160 20 9.0 - 250 

Class-8 Amp. (Audio) , 2500 -130 60/360 460 , 8.0 8 16000 600 
HD203A 150 10 4.0 2000 250 60 25 - 12 15 J. 31.1 Class-C Amplifier ------375 
HF250 150 10.5 4.0 2500 200 - 18 - 5.8 - 20 J. 2N Class-C Amp.-Oscillator 2500 -. 200 -• - - 375 

HK354 

HK354C 
150 5.0 10 4000 300 SO 14 4.5 3.8 1.1 30 J. 2td 

Class-C Amp. (Telegraphy) 4000 -690 245 50 48 - 830 
Class-C Amp. (Telephony) 3000 -550 210 50 35 -.- 525 
Grid-Modulated Amp. 3000 -400 78 3.0 12 - 85 
Class-8 Amp. ( Audio) , 3000 -205 65/313 630 9 20! 22000 665 

HK354D 150 5.0 10 4000 300 55 22 4.5 3.8 1.1 30 J. 2N 
Class-C Amp. (Telegraphy) 3500 -490 240 50 38 -- 690 
Class-C Amp. (Telephony) 3500 -425 210 55 36 ........ 525 

111(3548 150 5.0 10 4000 300 60 35 4.5 3.8 1.1 
30 J. 

2N 

Class C Amp. (Telegraphy) 

-Closs-C 
3500 -448 240 60 45 - 690 

Amp. (Telephony) 3000 -437 210 60 45 - 525 

HK354F 150 5.0 10 4000 300 75 
i 

50 4.5 3.8 1.1 30 J. 2N 
Class-C Amp. (Telegraphy) 3500 -368 250 75 50 -.• 720 

525 Class-C Amp. (Telephony) 3000 -312 210 75 45 - 

UE-468 150 10 4.05 2500 200 60 18 8.8 7.0 1.25 30 J. Fig. 57 

Class-C Amp. (Telegraphy) 2500 -300 200 18 8.0 - 380 
Class-C Amp. (Telephony) 2000 -350 160 20 9.0 -. 250 
Class-B (Audio) , 2500 -130 320! 410 9 2.5 16000 500 

810 
1627, 

175 
10 

5.0 

4.5 

9.0 
2500 300 75 36 8.7 4.8 12 30 J. 2N 

Class-C Amp. (Telegraphy) 2500 -180 300 60 19 w....... 575 
Class-C Amp. (Telephony) 2000 -350 250 70 35 380 
Grid-Modulated Amp. 2250 -140 100 2.0 4.0 75 
Class-11 Amp. (Audio) , 2250 - 60 70/450 380 9 13! 11600 725 
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Type 

Max. 
Plate 
Dist'. 
potion 
Wan. 

Cathode 

-- 

Volts 

Max. 
Plate 

Voltage 
Amp. 

Max.' 
Plate 

Current .. 
"..' 

ax' 
D.C. 
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Current 
Ma. 

Amp. 
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Interelectrode - 
Capacitances (µµfd.) 

Max. 
Freq. 
Mc. 
Full 

Ratings 

Base   
Socket 
C 
lions 

Typical Operation 
Plate 

Voltage 
Grid 

Voltage 

_ 

Plate 
Current 
M t 

D.C. 
Grid 

Current 
Ma* 

A Pee°X' 
Grid 

Driving 
Pow._ 

Watts' 

Class B 
P-to-P 

Load Res. 
Ohms 

Approx. 
Output 
Power 
Watts 

Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

8000 175 10 4.5 2500 300 45 16.5 5.0 6.4 3.3 30 J. 2N 

Class-C Amp.-Oscillator 2500 -240 300 40 18 - 575 

Class-C Amp. (Telephony) 2000 -370 250 37 20 - 380 

Grid-Modulated Amp. 2250 -265 100 0 2.5 - 75 

Class-B Amp. (Audio) 7 2250 -130 65/450 560 , 7.9 , 12000 725 

GL-5C24 160 10 5.2 1750 107 -.- 8 5.6 8.8 3.3 .- N. Fig. 26 
Class-A Amp. (Audio) 1500 -155 107 - - 8200 ' SS 

Class-ABI Amp. (Audio) , 1750 -200 320 , 390 , .--- 8000 240 

RK63 
RK63A 

200 
5.0 

6.3 

10 

14 
3000 250 60 37 2.7 3.3 1.1 -... J. 2N 

Class-C Amp. (Telegraphy) 3000 -200 233 45 17 --- 525 

Class-C Amp. (Telephony) 2500 -200 205 50 19 --- 405 

Grid-Modulated Amp. 3000 -250 100 7.0 12.5 -- 100 

T200 200 10 5.75 2500 350 80 16 9.5 7.9 1.6 30 J. 2N 
Closs-C Amp. (Telegraphy) 2500 -280 350 54 25 -- 685 

Class-C Amp. (Telephony) 2000 -260 300 54 23 -- 460 

F.127•A 200 10 4.0 3000 325 70 38 13 4 13 ...-• J. Fig. 26 

Class-C Amp. (Telegraphy) 3000 -250 250 47 18 ---- 600 

Class-C Amp. (Telephony) 2500 -300 200 58 25.2 - 420 

Class-8 Amp. (Audio) , 2800 - 75 20/400 175 , 6.65 5 16600 820 

822 
8225 

200 10 4.0 2500 300 60 30 8.5 13.5 2.1 
20 
30 J. 

3N 
2N  

Class-C Amp. (Telegraphy) 2500 -190 300 51 17 -- 600 

Closs-C Amp. (Telephony) 2000 - 75 250 43 13.7 -.. 405 

Class-B Amp. (Audio) , 3000 - 80 450 9 362 , 8.0 , 16000 1000 

4C32 200 10 4.5 3000 300 60 30 5.5 5.8 1.1 60 J. 2N 
Class-C Amp.-Oscillator 2000 -165 275 20 10 - 400 

Class-C Amp. (Telephony) 2000 -200 250 20 IS 375 

GL-592 
3-200A3 

200 10 5.0 3500 250 50 25 3.6 3.3 0.29 150 N. Fig. 52 

Closs-C Amp. (Telegraphy) 3000 -220 222 25 11 -. 466 

Class-C Amp. (Telephony) 2500 -300 200 35 19 -. 375 

Class-II (Audio) 7 2000 - 50 120/500 520 , 25' 8500 600 

4C34 
HF300 

200 11-12 4.0 3000 275 60 23 6.0 6.5 1.4 

60 

20 
J. 2N 

Class-C Amp. (Telegraphy) 3000 -400 250 28 16 600 

Class-C Amp. (Telephony) 2000 -300 250 36 17 -. 385 

Class-I1 Amp. (Audio) , 3000 -115 60/360 450 9 13 , 20000 780 

7814 
HV12 

200 10 4.0 2500 200 60 12 8.5 12.8 1.7 30 J 3N 

Class-C Amp. (Telegraphy) 2500 -240 300 30 10 - 575 

Class-C Amp. (Telephony) 2000 -370-  300 40 20 -. 485 

Class-B Amp. (Audio) , 2000 -160 50/275 350 9 7.0 , 14400 400 

T822 
HV27 

200 10 4.0 2500 300 60 27 8.5 13.5 2.1 30 J. 3N 
Class-C Amp. (Telegraphy) 2500 -175 300 50 15 -• 585 

Class-C Amp. (Telephony) 2000 -195 250 45 15 .- 400 

T-300 200 11 6.0 3000 300 ....., 23 6.0 7.0 1.4 -.. .- .-- 

Class-C Amp. (Telegraphy) 3000 -400 230 28 20 600 

Class-C Amp. (Telephony) 2000 -300 250 36 17 .- 385 

Class-B (Audio) , 2500 -100 60/450 .... 7.5, .• 750 

806 225 5.0 10 3300 300 50 12.6 6.1 4.2 1.1 30 J. 2N 

Class-C Amp. (Telegraphy) 3300 -600 300 40 34 780 

Class-C Amp. (Telephony) 3000 -670 195 27 24 -• 460 

Class-B Amp. (Audio) , 3300 -240 80/475 930 9 35 5 16000 1120 

3-250A4 
250TH 

250 5.0 10.5 4000 350 100 37 5.0 2.9 0.7 40 J. 2N 

Class-C Amp. (Telegraphy) 2000 -120 350 100 34 500 

Class-C Amp. (Telephony) 3000 -210 330 75 42 .-. 750 

Grid-Modulated Amp. 3000 -160 125 4.5 20 -. 125 

Class-B Amp. (Audio) , 3000 - 65 100/560 460 , 24 ' 12250 1150 

3-250A2 
2SOTL 

250 5.0 10.5 4000 350 50 14 3.7 3.1 0.7 40 J. 2N 

Class-C Amp. (Telegraphy) 3000 -350 335 45 29 - 750 

Class-C Amp. (Telephony) 3000 -350 335 45 29 750 

Grid-Modulated Amp. 3000 -450 125 2.0 15 -. 125 

Class-B Amp. (Audio) , 3000 -175 100/500 840 , 17 9 13000 1000 



TABLE XVI - TRIODE TRANSMITTING TUBES- Continued 

Type 

Max. 
Plate 
Dissi- 
potion 
watt. 

Cathode 
Max. 
Plate 

Voltage 

Max • 
Plate 

Current 
m  

Max 
D.C. 
Grid 

Current 
Ma. 

Amp. 
Factor 

Interelectrode 
Capacitances (µµfd.) Max. 

Freq. 
Mc. 
Full 

Ratings 

Base   
Socket 
C 
lions 

Typical Operation Plate 
Voltage 

Grid 
Voltage 

Plate 
Current 

Ma . 

D.C. 
Grid 

Current 

Ma. 

A ex Pe" 
Grid 

Driving 
- Power 

Watts 

Class B 
P-to-P 

Load Res. 
Ohms 

Approx. 
Output 
Power 
Watts 

Volts Amp. 
Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fit. 

GL159 250 10 9.6 2000 400 100 20 11 17.6 5.0 15 J. T-45G 

Class-C Amp.-Oscillator 2000 -200 400 17 6.0 620 
Closs-C Amp. (Telephony) 1300 -240 400 23 9.0 --, 450 
Class-B Amp. (Audio) , 2000 -100 30/660 400 ' 4.0 s 6880 900 

GL169 250 10 9.6 2000 400 100 85 11.5 19 4.7 15 J. T-4BG 

Class-C Amp.-Oscillator 2000 -100 400 42 10 - 620 
Class-C Amp. (Telephony) 1500 -100 400 45 10 -•••-• 450 
Class-S Amp. (Audio) , 2000 - 18 30/660 220 , 6.0 s 7000 900 

204A 
304A 250 11 3.85 2300 275 80 23 12.5 15 2.3 3 N. T-1A 

Class-C Amp. (Telegraphy) 2500 -200 250 30 15 - 450 
Class-C Amp. (Telephony) 2000 -250 250 35 20 --. 350 
Class-B Amp. (Audio) , 3000 -100 80/372 500 e 18 , 20000 700 

308B 250 14 4.0 2250 325 75 8.0 13.6 17.4 9.3 1.5 N. T-2A Class-C Amp. (Telegraphy) 
1750 -345 300 •••- -. 350 
1500 -300 300 ••• .-. ...... 300 

Class-B Amp. (Audio) , 1750 -215 30/300 33 s 5200 575 HK454H 250 5.0 11 5000 375 85 30 4.6 3.4 1.4 100 J. 2N Class-C Amp. (Telegraphy) 3500 -275 270 60 28 - 760 HK454-11. 250 5.0 11 5000 375 60 12 4.6 3.4 1.4 100 J. 2N Class-C Amp. (Telephony) 3500 -450 270 45 30 - 760 
212E 
2415 
312E 

275 14 4.0 3000 350 75 16 14.9 18.8 8.6 1.5 N. 
T-2A 
T-2AA 

Class-C Amp. (Telegraphy) 3500 -275 270 60 28 - 760 
Class-C Amp. (Telephony) 3500 -430 270 45 30 --•••• 760 
Class-8 Amp. ( Audio) , 2000 -105 40/300 -, 50 s 8000 650 300T' 300 8.0 11.5 3500 350 75 16 4.0 4.0 0.6 J. 2N Class-C Arne. (Telegraphy) 2000 -225 300 --. - 400 HK304-1. 300 5/10 26/13 3000 1000 150 10 12 9.0 0.8 - N. 48C Class-C Amp. (Telephony) 1500 -200 300 75 -• -..- 300 

527 300 5.5 135.0 -- -..- - 38 19.0 12.0 1.4 200 N. T-48 Oscillator at 200 Mc. Approximately 250 watts output 

HK654 300 7.5 15 4000 600 100 22 6.2 5.5 1.5 20 J. 2N 

Class-C Amp. (Telegraphy) 2000 -380 500 75 57 720 
Class-C Amp. (Telephony) 2000 -365 450 110 70 - 655 
Grid-Modulated Amp. 3500 -210 150 15 15 - 210 

3-300A3 
304TH 

300 5/10 25/12.5 3000 900 
17 0 20 13.5 10.2 0.7 40 N. 4BC Class-C Amplifler 1500 -125 667 115 25 - 700 

Class-8 Amp. (Audio) , 3000 -150 134/667 420 e 6.0 ' 10200 1400 
3-300A2 
304TL 150 12 8.5 9.1 0.6 40 N. 413C 

Class-C Amplifier 1500 -250 665 90 33 - 700 
Class-11 Amp. (Audio) , 3000 -260 130/667 650 e 6.0 , 10200 1400 

833A 350 10 10 3300 500 100 35 12.3 6.3 8.5 30 N. T-IAB 
Class-C Amp. (Telegraphy) 
- 

2000 -200 475 65 25 -,-. 740 
Class-C Amp. (Telephony) 2500 -300 335 75 30 ...... 635 

270A 350 10 4.0 3000 375 75 16 18 
.4 

21 2.0 7.5 N. T-1A 
Class-C Amp. (Telegraphy) 3000 -375 350 -... -. •••-• 700 
Class-C Amp. (Telephony) 2250 -300 300 80 - - 450 

849 , 400 11 5.0 2500 350 125 19 17 33.5 3.0 3 N. T-1A 
Class-C Amp. (Telegraphy) 2500 -250 300 20 8.0 -» 560 
Class-C Amp. (Telephony) 2000 -300 300 30 14 -... 425 

831 , 400 11 10 3500 350 75 14.5 3.8 4.0 1.4 - N. T IAA 
Class-C Amp. (Telegraphy) 3500 -400 275 40 30 ... 590 
Class-C Amu. (Telephony) 3000 -500 200 60 50 .-.• 360 

ode resister n ohms. 
**Grid resistor ohms. 

Discontinued. 
2Twin t iode. Values, except in erelement capacities, 

are or both sections in push-pull. 
Output at 112 Mc. 

Grid-leak resistor in ohms. 
sPeak valves. 
Per section. 
Values are for two tubes in push-pull. 

'4Max. signal value 
e Peak of, grid-to-grid volts. 

10 For single tube. 
"Class-5 data in Table I. 
"Forced-air cooling 



TABLE XVII-TETRODE AND PENTODE TRANSMITTING TUBES 

Type 

Max. 
Plate 
Masi- 
potion 
Wets 

Cathode 

Volts 

Max. 

Plate 
Volt- 

age 

Max. 
Screen 
Volt- 

age 

.M_,...axi, 

.61..i. 

potion 
Watts 

Interelectrode 
Capacitances (Md.) Mae' Freq. 

Mc. 
Full 

Ratings 

Socket 
Con- 
nec- 
lions 

Typical Operation 
Plate 
Volt- 
age 

Screen 
Volt- 
age 

_S?...",.. 
'''"' 
Volt. 
.9. 

Grid 
Volt- 
age 

Plate 
Current 
Ma. 

Screen 
Current 
Ma. 

Grid 
Current 
Ma. 

Screen 
Resistor 
Ohms 

Approx. 
Grid 

Driving 
Power 
Watts 

Class 8 
P-to-P 
Load 
Res. 
Ohms 

A ...„. 
','E7-.2`; 
"'''""a' Power 
Wafts 

Amp. 
Grid 

la 
FIL 

Grid 

la 
Plate 

Plate 

ta 
FIL 

3A4 2.0 
1.4 
2.8 

0.2 
0.1 130 135 0.9 4.8 0.2 4.2 10 B. 71111 Class-C Amp. (Telegraphy) 150 135 0 18.3 6.5 0.13 2300 •-•-• -. 1.2 

3D6 4.5 
2.8 
1.4 

0.11 
0.22 180 135 0.9 7.5 0.3 5.5 50 L. 611 Class-C Amp. (Telegraphy) 150 135 -....... 23 6.0 1.0 --. 0.25 .-. 1.4 

384 3.0 2.5 1.23 0.165 0.33 150 135 - 4.6 0.16 7.6 100 B. 7CY Class-C Amp. 150 135 -. 25 ----1.25 

1063 a 3.0 2'5 
1.25 

0'1125 
0.225 

200 100 0.6 8.0 0.1 8.0 0. T-8DB 
Class-C Amp. (Telegraphy) 200 100 ...... 20 4.0 2.0 .---. 0.1 -. 3.0 

Class-C Amp. (Telephony) 180 100 .--. 15 3.0 2.0 -. 0.2 .-.. 2.0 

6AK6 3.3 6.3 0.15 375 250 1.0 3.6 0.12 4.2 54 B. 7BK Class-C Amp. (Telegraphy) 375 250 -.. 13 4.0 3.0 -... --. - 4.0 

SA6 5.0 2'5 5.0 0'46 
0.23 

150 150 2 8.5 0.15 9.5 100 B. 91. Class-C Amp. 150 150 0 40 11 1.2 .-.• -. 3.1 

5618 5.0 6'0 
3.0 

0'23 
0.46 

300 125 2.0 7.0 0.24 5.0 80 B. 7CU Class-C Amp. (Telegraphy) 300 75 0 25 7.0 1.5 32000 0.3 5.4 

5686 7.5 6.3 0.35 250 250 3.0 6.4 0.11 4.0 160 L Fig. 29 Class-C Amp. (Telegraphy) 
250 250 ....-• 40 10.5 2.0 -- 0.15 ...... 6.5 

250 180 .....- 30 6.5 2.0 --.. 0.10 - 5.0 

6A05 8.0 6.3 0.45 350 250 2.0 7.6 0.35 6.0 54 B. 7BZ Class-C Amp. (Telegraphy) 350 250 -. 47 7.0 5.0 --. - ......- 11 

11.1/6GT 8.0 6.3 0.45 350 250 2.0 9.5 0.7 7.5 10 0. 7AC Class-C Amp. (Telegraphy) 350 250 -. -100 47 7.0 5.0 - -. 11 

6AG7 9.0 6.3 0.65 375 250 1.5 13 0.06 7.5 10 0. ItY Class-C Amp. (Telegraphy) 375 250 - - 75 30 9.0 5.0 -. ..... 7.5 

RK64 a 6.0 6.3 0.5 100 3.0 0.4 9.0 60 M. SAW 
Class-C Amp. (Telegraphy) 100 30 - 30 35 10 3.0 -- 0.18 .-- 10 

Class-C Amp. (Telephony) - 30 - 30 26 8.0 4.0 30000 0.2 - 6.0 

1610 6.0 2.5 1.75 §:mum. 1.2 13 11E3 M. 12=1 Class-C Amp. (Telegraphy) 150 - 22.5 7.0 1.5 - 0.1 - 5.0 

11(56 8.0 6.3 0.55 300 300 4.5 10 0.2 9.0 60 M. SAW 
Class-C Amp. (Telegraphy) 300 ....-.-. 62 12 1.6 .- 0.1 --.- 12.5 

Class-C Amp. (Telephony) 250 200 -... 50 10 1.6 2800 0.28 8.5 

RK23I 
RK25 
RK256 , 

10 
2.5 

6.3 

2.0 

0.9 
250 8 10 0.2 ..... M. 611M 

Class-C Amp. (Telegraphy) 500 200 45 55 38 4.0 ... 0.5 -- 22 

Class-C Amp. (Telephony) 400 150 0 43 30 6.0 8300 0.8 - 13.5 

Suppressor-Modulated Amp. 500 200 -45 - 90 31 39 4.0 ........... 0.5 ... 6.0 

1613 10 6.3 0.7 • 275 2.5 8.5 0.5 45 O75 . 
Class-C Amp (Telegraphy) 350 200 - - 35 50 10 3.5 20000 0.22 .- 9 

Class-C Amp (Telephony) 275 200 - 35 42 10 2.8 10000 0.16 6.0 

2E30 10 6.0 0.7 • 250 2.5 10 0.5 160 I. 7CQ 
Class-C Amp (Telegraphy) 250 200 - 50 SO 10 2.5 -... 0.2 -. 7.5 

Class-AL Amp. (Audio) 5 250 250 - 30 40/120 4/20 2.3 Y 87 ' 0.2 3800 17 

5812 10 6.0 0.65 250 2.5 9.0 0.2 165 B. 7CQ Class-C Amp. (Telegraphy) 300 200 - 45 55 3.0 0.75 -, 1.5 -. 7.0 

837 
RK44 a 12 12.6 0.7 300 8 16 0.2 • 20 M. 68M 

Class-C Amp. (Telegraphy) 300 200 40 - 70 80 15 4.0 20000 0.4 - 28 

Class-C Amp. (Telephony) 400 140 40 - 40 45 20 5.0 13000 0.3 -.- 11 

Supp -Modulated Amp. 500 - -6S - 20 30 23 35 14000 0.1 - 5.0 

5763 12 6.0 0.75 250 2 9.5 0.3 
175 B. BB Class-C Amp. (Telegraphy) 300 250 0-60 50 5.0 3.0 - 0.35 ..- 8.0 

Doubler to 175 Mc. 300 250 0 - 75 40 4.0 1.0 12500 0.6 3.6 

6F6 
6F6G 

12.5 6.3 0.7 275 3.0 
6.5 0.2 

10 0. 7AC 
Class-C Amp. (Telegraphy) 400 275 -....... -100 50 11 5.0 - .....- ..... 14 

8.0 0.5 Class-C Amp. (Telephony) 275 200 -... - 35 42 10 2.8 - 0.16 .-- 6.0 

2E24 
9.0 

13.5 
6.3 , 0.65 

• 200 2.3 

8.5 0.11 125 0. 7CL 

Class-C Amp. (Telephony) 
400 180 1=111=11.101 8.0 2.5 27300 0.15 - 13.5 

500 180 1=11 - 45 54 8.0 2.5 40000 0.16 --. 18.0 

200 2.5 Class-C Amp. (Telegraphy) 
400 200 -. - 45 75 10.0 3.0 20000 0.19 .- 20 

600 195 ...- - 50 66 10 3.0 40500 0.21 .-.. 27 

2E26 
13.5 

9.0 
6.3 0.8 

200 2.5 
13 0.2 7.0 125 0. 7CK 

Class-C Amp. (Telegraphy) 600 185 .--- - 45 66 10 3.0 41500 0.17 -•-- 27 

Class-C Amp. (Telephony) 500 180 -• - 50 54 9.0 2.5 35500 0.15 -- 18 
200 2.3 Class-AL Amp. (Audio) a 500 125 - - 15 22/150 32 7 - 60 a 0.36 7 8000 54 

802 13 6.3 0.9 600 250 6.0 12 0.13 8.5 30 M. 68M 
Class-C Amp. (Telegraphy) 600 250 40 -120 55 16 2.4 22000 0.30 - 23 

Class-C Amp. (Telephony) 500 245 40 - 40 1.5 16300 0.10 .- 12 

Suppressor-Modulated Amp. 600 250 -45 -100 

Ellka 

5.0 14500 0.6 -..- 6.3 



TABLE XVII-TETRODE AND PENTODE TRANSMITTING TUBES- Continued 

Type Type 

Max' Plate 
Dissi- 
potion 
Watts W atts 

Cathode Max. 

Volt- 

°g' 

Max. Max. 
°°. Screen 

Volt- 

°11° 

Screen 
Dissi- 
potion 
Watts 

Intereleetrode 
Ca ita ( fd) Ime ntet mm • hittx* Freq. 

Mc. 
Full 

Ratings 

Base 

Socket 
Con-
nec- 
tions 

Typical Operation 
Plate 
Volt- 
age 

Screen 
Volt- 
age 

_STL" 
"" Volt- 
age 

Grid 
Volt- 
age 

Plate 
Current 
Ma. 

Screen 
Current 
Ma. 

Grid 
Current 
Ma. 

Screen 
Resistor 
Ohms 

Approx. 
Grid 

Driving 
Power 
Watts 

Class 8 
P-to-P 
Load 
Res. 
Ohms 

. 

Output 
""u'pu. Power 
,,,,atts Wafts Volts Amp. 

Grid Grid 

Plate 

Plate 

Fil. 
HY6V6- 
GTX 13 6.3 0.5 350 223 2.5 9.5 0.7 9.5 60 0. 7AC 

Class-C Amp. (Telegraphy) 300 200 - - 45 60 7.5 2.5 -•• 0.3 - 12 

Class-C Amp. (Telephony) 250 200 - - 45 60 6.0 2.0 15000 0.4 - 10 

HY60 15 6.3 0.5 425 

450 

225 2.5 10 0.2 8.5 60 M. SAW 
Class-C Amp. (Telegraphy) 425 200 - -62.5 60 8.5 3.0 - 0.3 - 18 
Class-C Amp. (Telephony) 325 200 - - 45 60 7.0 2.5 0.2 ---- 14 

HY65 1 15 6.3 0.85 

0.8 

250 4.0 9.1 0.18 7.2 60 0. T-8011 
Closs-C Amp.-Oscillator 450 250 - - 45 75 15 3.0 -- 0.5 -- 24 
Class-C Amp. (Telephony) 350 200 -• - 45 63 12 3.0 •••• 0.5 - 16 

2E25 15 6.0 450 250 4.0 8.5 0.15 6.7 125 0. 511.1 

Class-C Amp.-Oscillator 450 250 •-•-. - 43 75 15 3.0 ---• 0.4 ,-- 24 
Closs-C Amp. (Telephony) 400 200 - - 45 60 12 3.0 - 0.4 - 16 
Class-A82 Amp. (Audio) 4 450 250 - - 30 44/150 10/40 3.0 142 8 0.9 7 6000 40 

306A 15 2.75 2.0 300 300 6.0 13 0.35 13 - M. T-SCIS Class-C Amp. (Telephony) 300 180 - - 50 36 15 3.0 8000 - - 7.0 
307A 
RK-75 15 5.5 1.0 500 250 6.0 15 0.55 12 - M. T-5C 

Class-C Amp. (Telegraphy) SOO 250 0 - 35 60 13 1.4 20000 - - 20 
Suppressor-Modulated Amp. 500 200 -50 - 35 40 20 1.5 14000 - - 6.0 

832' 
- 

15 6.3 
12.6 

1.6 
0.8 500 250 5.0 7.5 0.05 3.8 200 N. 78P 

Class-C Amp. (Telegraphy) 500 200 ---•• - 65 72 14 2.6 21000 0.18 - 26 
Class-C Amp. (Telephony) 425 200 - - 60 52 16 2.4 14000 0.15 - 16 

832A 3 15 
6.3 
12.6 

1.6 
0.8 750 250 5.0 7.5 0.05 3.8 200 N. 7BP 

.Class-C Amp. (Telegraphy) 750 200 - - 65 48 15 2.836500 0.19 - 26 
Closs-C Amp. (Telephony) 600 200 - - 65 36 16 2.6 25000 0.16 - 17 

844t 15 2.5 2.5 500 180 3.0 9.5 0.15 7.5 •-- M. SAW 
Class-C Amp. (Telegraphy) 500 175 - -125 25 - 5.0 - --• - 9.0 
Class-C Amp. (Telephony) 

Class-C Amp. (Telegraphy) 

500 

750 

150 - -100 20 - - -- 

- 

- - 4.0 

865 15 7.5 2.0 750 175 .0 8.5 0.1 8.0 15 M. T-4C 
125 - - 80 40 - 5.5 1.0 -....-• 16 

Class-C Amp. (Telephony) 500 125 - -120 40 •-- 9.0 --- 2.5 - 10-  

1619 15 2.5 2.0 400 300 3.5 10.5 0.35 12.5 45 0. T9H 
Class-C Amp. (Telegraphy) 400 300 •---• - SS 75 10.5 5.0 

2.8 

95000.36 

5000 0.18 

19.3 
Class-C Amp. (Telephony) 325 285 --. - 50 62 7.5 

6.5/11.5 

- 13 
Class-A112 Amp. ( Audio).. 400 300 0 -16.5 75/150 -  

5.0  

4.0 

77 8 0.4 y 6000 36 

32 
5516 15 6.0 0.7 600 250 5.0 8.5 0.12 6.5 80 0. 7CL 

Class-C Amp. (Telegraphy) 600 250 - - 60 75 15 - 0.5 - 
Class-C Amp. (Telephony) 

-Class-A112( 
475 250 ---. - 90 63 10 22500 0.5 - 22 

Audio) , 600 25 --• - 25 36/140 1/24 47 80 4 0.16 10500 67-_ 
20.8 AX- 

99054 16 6.3 0.68 400 250 5 8.5 0.05 3.3 186 0. Fig. 34 Class-C Amplifier 
400 250 - - 80 80 6 3.5 - 0.39 - 
250 175 - - 70 80 6.5 4.2 --. 0.26 -- 16.9 

254A 20 5.0 3.25 750 175 5.0 4.6 0.1 9.4 -- M. T-4C Class-C Amplifier 750 175 --• - 90 60   25 
6L6 

21 6.3 0.9 400 300 3.5 
10 0.4 12 

10 0. 7AC 
Class-C Amp.-Oscillator 400 300 -- -125 100 12 5.0 ---• - - 28 

i•L6G 11.5 0.9 9.5 
- 
Class-C Ame. (Telephony) 325 250 -- - 70 65 - 9.0 -- 0.8 - 11 

6L6GX 21 6.3 0.9 500 300 3.5 11 1.5 7.0 -- O. 7AC Class-C Amp. (Telegraphy) 
- 

500 250 -- - 50 90 9.0 2.0 ---• 0.25 - 30 
Class-C Amp. (Telephony) 325 225 --- - 45 90 9.0 3.0 --.- 0.25 - 20 

HY6L6-
GTX 21 6.3 0.9 500 300 3.5 11 0.5 7.0 60 O.7AC 

Class-C Amp.-Oscillalor 500 250 

225 

250 

---50 90 9.0 2.0 -.- 0.5 --- 30 
Class-C AMP. (Telephony) 400 -- - 45 90 

95 
9.0 
8.0 

3.0 16000 0.8 - 20 

T21 

RK49 

21 

21 

- 23 

6.3 0.9 
_ 

400 300 3.5 13 0.7 12 30 M. 6A Class-C Amp. (Telegraphy) 400 -- - 50 3.0 -•-• 0.2 - 25 
Class-C Amp. (Telephony) 350 200 -- - 45 65 17 5.0 --• 0.35 - 14 

6.3 0.9 400 300 

300 

3.5 11.5 1.4 10.6 •••••-- M. 6A 
Class-C Amp. (Telegraphy) 400 250 -- - 50 95 8.0 3.0 -- 0.2 --.- 25 
Class-C Amo. (Telephony) 300 200 •-•-- - 45 69 15 5.0 6700 0.34 - 12 

5881 6.3 0.9 4-00 3 - - - O. 7AC Class-C Amplifier 

100 

Same as 

8 

6L6 

2.0 
1614 25 6.3 0.9 450 300 3.5 10 0.4 12.5 80 0. 7AC 

Class-C Amp. (Telegraphy) 450 250 - - 45 12500 0.15 - 31 
Class-C Amo. (Telephony) 375 250 -- - 50 93 7.0  

20 7 

2.0 

-- 

10000 0.15 - 24.5 
Class-A[3i Amp. ( Audio) 4 530 340 -- - 36 60/160 72 8 •••••• 7200 50 

RK41 3 
RK39 25 2.5 

6.3 
2.4 
0.9 600 300 3.5 13 0.2 10 30 M. SAW 

Class-C Amp. (Telegraphy) 600 300 - - 90 93 10 3.0 - 0.38 - 36 

Class-C Amp. (Telephony) 475 250 -- - 50 85 9.0 2.5 25000 0.2 - 26 



TABLE XVII-TETRODE AND PENTODE TRANSMITTING TUBES-Continued 

Type 

Max- 
Plate 
Dissi-
potion 
Watts 

Cathode max. 
Plate 
Volt- 
cg. 

Max. Max• 
Screen 
Volt- 

age 

Screen 
Dissi- 
potion 
Waits 

Interelectrode 
Ca h44$ a ( fd) 
aac um • 

Max' 
Freq. 
Mc. 
Full 

Ratings 

Base 

Socket 
Con-
nee. 

lions 

Typical Operation 
Plate 
Volt- 
age 

Screen 
Volt- 
age 

Sap- 
6444 
Volt- 
age 

Grid 
Volt- 
age 

Plate 
Current 
Ma. 

Screen 
Current 
Ma. 

Grid 
Current 
Ma. 

Screen 
Resistor 
Ohms 

Approx. 
Grid 

Driving 
Power 
Watts 

Class II 
P-to-P 
Load 
Res. 
Ohms 

A pprox. 
Output 
Power 
Watts 
'' Vans Amp. 

Grid 

4  

Grid 

4 Plate 

Plate 

4  Fil. 

HY61 25 6.3 0.9 600 300 3.5 11 0.2 7.0 60 M. SAW 

Class-C Amp. (Telegraphy) 600 250 - - 50 85 9.0 4.0 39000 0.4 •.-.- 40 
Class-C Amp. (Telephony) 475 250 --• - 50 100 9.0 3.5 25000 0.2 - 27 
Class-AB: Amp. (Audio) , 600 300 - - 30 200 7, 10 7 -- .--. 0.1 7 •••-• 80 

815 , 25 
12.6 
6.3 

0.8 
1.6 500 200 4.0 13.3 0.2 8.5 125 0. 811Y 

Class-C Amp.-Oscillator 500 200 - - 45 150 17 2.5 - 0.13 - 56 
Class-C Amp. (Telephony) 400 175 --. - 45 150 15 3.0 - 0.16 -- 45 
Class-AB2 Amp. (Audio) , 500 125 -, - 15 22/150 32 7 - 60 , 0.36 7 8000 54 

2548 25 7.5 3.25 750 150 5.0 11.2 0.085 5.4 M. T-4C Class-C Amplifier 750 150 - -135 75 -----30 

1624 25 2.3 2.0 600 300 3.5 11 0.25 7.5 60 M. T-SOC 

Class-C Amp. (Telegraphy) 600 300 - - 60 90 10 5.0 30000 0.43 - 35 
Class-C Amp. (Telephony) SOO 273 - - 50 75 9.0 3.3 25000 0.25 - 24 
Class-AIL! Amp. (Audio) , 600 300 - - 25 42/180 5/15 106 , - 1.2 7 7500 72 

3DX3 25 6.3 3.0 1500 200 - --- - -.-- 250 S. Fig. 40 Class-C Amp. (Telegraphy) 1000 200 --.. -15i 75 ---• 2.8 - 0.57 ---- 30 

6146 
6159 25  6.3 

26.5 
1.25 
0.3 750 250 3.0 13.5 0.22 9.0 60 M. 7CK 

Class-C Amp. (C. W. 15 Mc.) 750 160 -- - 85 120 14.7 3.0 - 0.3 - 69 
Class-C Amp. (C. W. 175 Mc.) 400 200 -• - 54 150 9 1.8 - 3.0 - 35 
Class-C Amp. (Telephony) 600 150 - - 85 112.5 12 3.0 - 0.3 - 32 
Class-Alb Amp. (Audio), 750 165 - - 45 35 240 0.6/21 101 , -.-- 0.07 8000 130 

3E22 , 30 12.6 
6.3 

0.8 
1.6 560 225 6. 0 14 0.22 8.5 200 0. 811Y 

Class-C Amp. (Telegraphy) , 600 200 -,-.» - 55 160 20 7.0 20000 0.45 72 
Class-C Amp. (Telephony) , 560 200 - SO 160 20 6.5 18000 0.4 -.». 67 

RK66 30 6.3 1.5 600 300 3.5 12 0.23 10.5 60 M . T-SC Class-C Amp.-Oscillator 600 300 -.- - 60 90 11 5.0 .--- 0.5 40 
Class-C Amp. (Telephony) 500 - - 50 75 8.0 3.2 25000 0.23 - 25 

807 
807W 
5933 
1625 

30 
6.3 0.9 

750 300 3.5 11 0.2 7.0 60 M. 
SAW 

Class-CAmp. (Telegraphy) 750 250 - 45 100 6 3.5 85000 0.22 -•-•• 50 -- 
Class-C Amp. (Telephony) 600 275 -• - 90 100 6.5 4.0 50000 0.4 --. 42.5 

12.6 0.45 SAZ Class-1182 Amp. (Audio) , 750 300 -.- - 32 60/240 5/10 92 , - 0.2 , 6950 120 
Class-B Amp. (Audio) 77 750 - ,-,-, 0 15/240 -- 555 , 5.37 6650 120 

2E22 30 6.3 1.5 750 250 10 13 0.2 8.0 - M. Si 

Class-C Amp.-0scillator 500 230 22.5 - 60 100 16 6.0 15000 0.55 ••••••• 34 
Class-C Amp.-Oscillator 750 250 22.5 - 60 100 16 6.0 30000 0.55 - 53 
Suppressor-Modulated Amp. 750 250 -90 - 65 55 29 6.5 17000 0.6 - 16.5 

3023 
T8-35 35 6.3 3.0 •- •-- - 6.5 0.2 1.8 250 M. Fig. 54 

Class-C Amp. (Telegraphy) 1500 375 - -306- 110 22 15 4.5 - 130 
Class-C Amp. (Telephony) 1000 300 -- -200 85 14 10 --•-• 2.0 --- 60 

AX-
9903 , 
5894A 

40 6.3 
12.6 

1.8 
0.9 600 250 7 6.7 0.08 2.1 150 N. Fig. 10 

Class-C Amp. (Telegraphy) 600 250 - - 80 200 16 2 - 0.2 - 80 

Class-C Amp. (Telephony) 600 250 --• -100 200 24 8 ---. 1.2 - 85 

RK20 1 
RK20A 
RK46 i 

40 
7.5 
7.5 
12.6 

3.0 
3.25 
2.5 

1250 300 15 14 0.01 12 - M . T-SC 

Class-C Amp. (Telegraphy) 1250 300 45 -100 92 36 11.5 --- 1.6 - 84 
Class-C Amp. (Telephony) 1000 300 0 -100 75 30 10 23000 1.3 - 52 

Suppressor- Modulahrd Amp. 1250 300 -45 -100 48 44 11.5 - 1.5 - 21 
Grid- Modulated Amp. 1250 300 45 -142 40 7.0 1.8 - 1.5 - 20 

HY69 40 6.3 1.5 600 300 5.0 15.4 0.23 6.5 60 M . T-51:1 

Class-C Amp.-Oscillator 600 250 - - 60 100 12.5 4.0 30000 0.25 ••••- 42 
Class-C Amp. (Telephony) 600 250 - - 60 100 12.5 5.0 30000 0.35 - 42 

Modulated Doubler 600 200 - -300 90 11.5 6.0 35000 2.8 - 27 
Class-A112 Amp. (Audio) , 600 300 -•• - 35 200 7 18 7 5.0 7 - 0.3 7 - 80 

829 1., 40 1621 1.12 500 225 6 14.5 0.1 7.0 200 N. 7111. 
Class-C Amp. (Telegraphy) 500 200 --•-• - 45 240 32 12 9300 0.7 - 83 
Class-C Amp. (Telephony) 425 200 - - 60 212 35 11 6400 0.8 - 63 

Grid-Modulated Amp. SOO 200 --. - 38 120 10 2.0 - 0.3 - 23 

829A7•3 40 6.3 
12.6 

2.25 
1.12 750 240 7.0 14.4 0.1 7.0 200 N. 7111. 

Class-C Amp.-Oscillator 750 200 - - 55 160 30 12 18300 0.8 - 87 
Class-C Amp. (Telephony) 600 200 ---•• - 70 150 30 12 13300 0.9 - 70 
Grid-Modulated Amp. 750 200 - - SS 80 5.0 0 --. 0.7 - 24 

8298 , 
3E29 , 40 6.3 

12.6 1.125 
2.25 750 240 

6 
7 
7 

14.5 0.12 7.0 200 N. 71IP 
Class-C Amp. (Telegraphy) 500 200 - - 45 240 32 12 9300 0.7 - 83 
Class-C Amp. (Telephony) 425 200 - - 60 212 35 11 

- 
6400 0.8 - 63 

Class-B Amp. (Audio) , 300 200 - - 18 27/230 - 56 , - 0.39 4800 76 



TABLE XVII -TETRODE AND PENTODE TRANSMITTING TUBES-Continued 

Type 

Max. 
Plate 
Dissi. 
potion 
Watts 

Cathode Max. 
Plate 
Veil. 

age 

Max. 
Screen 
Volt- 

age 

Max..,, 
potion 
Woos 

intereleclrode 
Capacitancos(ppfd.) Mee' Freq. 

-Mc' rull 
Rat'' ngi 

... 
Sockot 
Con-
nec- 
Hans 

Typical Operation 
Plate 
Volt- 
age 

Screen 
Volt- 
age 

Sup-

Me"4" 
Volt- 
age 

Grid 
Volt- 
age 

Plate 
Current 
Ma. 

Screen 
Current 
Ma. 

Grid 
Current 
Ma. 

Screen 
Resistor 
Ohms 

Approx. 
Grid 

Driving 
Power 
Watts 

Class El 
P-to-P 
Lead 
Res. 
Ohms 

A __,.. 
cr, u ,' 
u P Power 

watts 
Vets Amp* 

Grid 

te 
Fil. 

Grid 

ti 
Plate 

Plate 

to 
Fil. 

HY1269 40 6.3 
12.6 

3.5 
1.75 750 300 5.0 16.0 0.25 7.5 6 M. T SDB 

Class-C Amp.-Oscillator 750 300 ..- - 70 120 15 4 •••••• 0.25 --. 63 

Class-C Amp. (Telephony) 600 250 •••••-• - 70- 100 12.5 5 35000 0.3 ---. 42 

Grid-Modulated Amp. 750 300 ---. -- 80 -----20 

Class-Alls Amp. (Audio) , 600 300 •-•-, - 35 200 7 -, •-• ..-• 0.3 .--- 80 

3D24 45 6.3 3.0 2000 400 10 6.5 0.2 2.4 125 L. T-9J Class-C Amp.-Oscillator 
2000 373 - -300- 90 20 10 .-- 4.0 ---. 140 

1500 375 --- -300 90 ECM 10 - 4.0 -• 105 

715-8 50 26/28 ..... -. - ...- - Class-C Amp. (Telegraphy) 1500 300 .- - 125 ... ... •-• .- .--• -"' 

5562 45 6.3 3.0 2000 400 8 6.5 0.2 1.8 120 M. Fig. 54 
Class-C Amp. (Telegraphy) 1500 375 ..- -300 116 21 12 ...-, 3.6 .-- 135 

Class-C Amp. (Telephony) 1000 300 ..- -200 85 14 10 - 2.0 - 60 

HK-57 50 5 5 3000 500 25 7.29 0.05 3.13 200 N. Fig. 64 
Closs-C Amp. (Telegraphy) 2000 450 +30 -143 110 2 1 ...• 0.13 •-• 166 

Class-C Amp. (Telephony) 2000- 450 +30 -145 88 2 1.3 -. 0.2 - 135 

Suppressor-Modulated Amp. 2000 450 -190 -24Ó 80 14 2.5 - 110000 0.6 90 

RK47 50 10 3.25 1250 300 10 13 0.12 10 - M. T-51) 

Class-C Amp. (Telegraphy) 1250 300 ---. - 70 138 14 7.0 -• 1.0 ..-- 120 

Class-C Amp. (Telephony) 900 300 - -150 120 17.5 6.0 - 1.4 .-.- 87 

Grid-Modulated Amp. 1250 300 - - 30 60 2.0 0.9 ... 4.0 - 25 

312A 50 10 2.8 1250 SOO 20 15.5 0.15 12.3 -.. M. T-6C 

Class-C Amp. (Telegraphy) 1250 300 20 - 55 100 36 5.5 -.- 0.7 -..- 90 

Class-C Amp. (Telephony) 1000 - 40 - 40 95 35 7.0 22000 1.0 .-- 65 

Suppressor-Modulated Amp. 1250 - -85 - 50 50 42 5.0 22000 0.55 --.• 23 

804 50 7.5 3.0 1500 300 15 16 0.01 14.5 15 M. T-5C 

Class-C Amp. (Telegraphy) 1500 300 45 -100 100 35 7.0 34000 1.95 --. 110 

Class-C Amp. (Telephony) 1250 250 50 - 90 75 20 6.0 50000 0.75 ,...., 65 

Grid-Modulated Amp. 1500 300 45 -130 50 13.5 3.7 .-.- 1.3 -... 28 

Suppressor-Modulated Amp. 1500 300 -50 -1113- 50 32 7.0 ...- 0.95 - 28 

4022 
50 

25.2 
12.6 

0.8 
1.6 

750 350 14 28 0.27 13 60 N. 

Fig. 50 Class-C Amp. (Telegraphy) 
750 300 - -100 240 26 12 - 1.5 135 

600 300 •- -100 215 30 10 - 1.25 --. 100 

4D32 
6.3 3.75 Fig. 51 

Class-C Amp. (Telephony) 
600 ...... ••••• -100 220 28 10 10000 1.25 -..--. 100 

550 .-- - -100 175 17 6 15000 0.6 ---..• 70 

Closs-AB2 Amp. (Audio) 0 600- 250 ••-• - 25 100/365 26 , 70 0 •••• 0.45 7 3000 123 

305A 60 10 3.1 1000 200 6 10.5 0.14 5.4 - M. T-4CE 
Class-C Amp. (Telegraphy) 1000 200 •••• -200- 125 -----85 

Class-C Amp. (Telephony) 800 200 ..... -270 125 -----70 

HY67 65 
6.3 

12.6 
4.5 
2.25 1250 300 10 -.- 0.19 14.5 .-•-.- M. T-51/11 

Class-C Amp. (Telegraphy) 1250 300 - 110- 175 22.5 10 1.5 ••-• 152 

Class-C Amp. (Telephony) 1000 300- ,... -150 145 17.5 - 14 -.... 2.0 .-- 101 

Grid-Modulated Amp. 1250 300 -.» 78 -----32.5 

814 65 10 3.25 1500 300 10 13.5 0.1 13.5 30 M. T-50 

Class-C Amp. (Telegraphy) 1500 300 - 90 150 24 10 50000 1.5 .... 160 

Class-C Amp. (Telephony) 1250 300 -150 145 20 10 48000 3.2 ..... 130 

Grid-Modulated Amp. 1500 250 -120 60 3.0 2.5 •-••••• 4.2 .--- 33 

4-65A 65 6.0 3.5 

3000 

2500 

3000 

3000 

400 

400 

600 

600 

10 8.0 0.08 2.1 160 0 N. Fig.48 

Class-C Amp. (Telegraphy) 3000 250 - 90 115 20 10 -.-- 1.7 - 280 

Class-C Amp. (Telephony) 2500 250 ..-. -150 108 16 8 .-- 1.9 .-- 225 

Class-8 Linear Amp. 2500 500 -100 20/230 0/35 610 ..-- 1.8 10 ..... 325 , 

Class-A82 Amp. (Audio) 0 1800 250 .. - 35 50/220 0/25 180 t - 2.2 , 20000 270 

282A 70 10 3.0 1000 250 5 12.2 0.2 6.8 - M. T-4C 
Class-C Amp. (Telegraphy) 1000 150 - -160 100 .. - -- --.• 33 

Class-C Amp. (Telephony) 750 150 .-.- -180 100 -• 50 - -.. ....... SO 

4E27/ 
8001. 75 5.0 7.5 4000 750 30 12 0.06 6.5 75 J. 7BM 

Class-C Amp. (Telegraphy) 2000 500 60 -200 150 11 6 136000 1.4 .--- 230 

Class-C Amp. (Telephony) 1800 400 60 -130 135 11 8 125000 1.7 •- 178 

Suppressor-Modulated Amp. 2000 500 -300 -130 55 27 3.0 -- 0.4 -- 35 



TABLE XVII-TETRODE AND PENTODE TRANSMITTING TUBES- Continued 

Type 

Max. 
Plate 
Dissi- 
potion 
Watts 

Cathode Max. 
Plate 
Volt- 

age 

Max. 
Screen 
Volt- 

age 

et' 
'crn 
Dissi- 
potion 
Watts 

Interelectrode 
Capoc lances (iwfd.) Man' Freq. 

Mc. -- 
run 

Ratings 

Base 

Socket 
Con- 
nec- 
lions 

Typical Operation 
Plate 
Volt- 
age 

Screen 
Volt- 
age 

Sup- -  
Pr Volt-
age 

Grid 
Volt- 
age 

Plate 
Current 
Ma. 

Screen 
Current 
Ma. 

Grid 
Current 
Ma. 

Screen 
Resistor 
Ohms 

Approx. 
Grid 

Driving 
Power 
Watts 

Class' 
P-ta-P 
Load 
Res. 
Ohms 

Approx. 
Output 
Power 
Wan 

Vets Amp- 

Grid 

ta Fil. 

Grid 
to 

Plate 

Plate 

la Fil. 

HK257 

HK2578 
75 5.0 7.5 4000 750 25 13.8 0.04 6.7 

75 

120 
J. 7BM 

Class-C Amp. (Telegraphy) 2000 500 60 -200 ISO 11 6.0 - 1.4 - 230 

Class-C Amp. (Telephony) 1800 400 60 -130 135 11 8.0 -... 1.7 - 178 

Suppressor-Modulated Amp. 2000 300 -300 -130 55 27 3.0 -••-•• 0.4 - 35 

828 80 10 3.25 2000 750 23 13.5 0.05 14.5 30 M. 51 

Class-C Amp. (Telegraphy) 1500 400 75 -100 180 28 12 40000 2.2 - 200 

Class-C Amp. (Telephony) 1250 400 75 -140 160 28 12 30000 2.7 - 150 
- 
Grid-Modulated Amp. 1500 400 73 -150 80 4.0 1.3 ••••••• 1.3 ---- 41 

Class-AB, Amp. (Audio) ' 2000 750 60 -120 50/270 2/60 240 - 0 18500 385 

RK211 100 10 5.0 2000 400 35 15 0.02 15 - J5J . 

Class-C Amp. (Telegraphy) 2000 400 45 -100 150 55 13 21000 2.0 - 210 

Class-C Amp. (Telephony) 1500 400 45 -100 135 52 13 21000 2.0 - 155 

Suppressor- Modulated Amp. 2000 400 -45 -100 85 65 13 --•-• 1.8 60 

Grid-Modulated Amplifier 2000 400 45 -140 80 20 4.0 - 0.9 - 75 

RK411 
RK48A 100 10 5.0 2000 400 22 17 0.13 13 - J. 1-SD 

Class-C Amp. (Telegraphy) 2000 400 - -100 180 40 6.5 -. 1.0 - 250 

Class-C Amp. (Telephony) 1500 400 - -100 148 50 6.5 22000 1.0 - 165 

Grid-Modulated Amplifier 1300 400 - -145 77 10 1.5 - 1.6 -- 40 

850 100 10 3.25 1250 175 10 17 0.25 25 15 J. T-38 

Class-C Amp. (Telegraphy) 1250 175 - -150 160 -• 35 ..-• 10 - 130 

Class-C Amp. (Telephony) 1000 140 - -100 125 --.- 40 - 10 - 65 

Grid-Modulated Amplifier 1250 175 • - - 13 110 -----40 

860 100 10 3.25 3000 500 10 7.75 0.08 7.3 30 M. T-4C8 
Class-C Amp.-Oscillator 3000 300 --- -150 85 25 15 .- 7.0 - 165 

Class-C Amp. (Telephony) 2000 220 - -200 85 25 38 100000 17 - 105 

813 125 10 5.0 2250 400 22 16.3 0.2 14 30 J. 58A 

Class-C Amp. (Telegraphy) 2250 400 0 -1SS 220 40 15 46000 4.0 - 375 

Class-C Amp. (Telephony) 2000 350 0 -175 200 40 16 41000 4.3 - 300 

Grid-Modulated Amplifier 2250 400 0 -110 85 2.5 - - •-•-- - 75 

Class-11 Amp. (Audio) , 2500 750 0 - 95 35/360 1.2/55 0.35 17000 650 

4-125A 
4021 
6155 

125 5.0 6.2 3000 400 20 10.3 0.03 3.0 120 N. 5111C 

Class-C Amp. (Telegraphy) 3000 350 - -150- 167 30 9 2.5 - 375 

Class-C Amp. (Telephony) 2500 350 -- -210 152 9 - 3.3 - 300 

Class-A82 Amp. (Audio) , 2500 350 - 43 93/260 0/6 178 , - 1.0 22200 400 

4827A/ 
3.1258. 125 5.0 7.5 4000 750 20 10.5 0.03 4.7 75 J. 78M Class -C Amp. (Telegraphy) 

3000 500 60 -200 167 S 6 - 1.6 -» 375 

1500 500 60 -130 200 11 8 - 1.6 215 

1000 750 0 -170 160 21 3 ••••• 0.6 --- 115 

RK2IIA 125 10 5.0 2000 400 35 IS 0.02 15 - J. SJ 

Class-C Amp. (Telegraphy) 2000 400 45 -100 170 60 10 - 1.6 --. 250 

Class-C Amp. (Telegraphy) 1500 400 45 -100 135 54 10 18500 1.6 150 

Grid-Modulated Amp. 2000 400 45 - 55 80 18 2.0 - 0.5 -... 60 

Suppressor-Modulated Amp. 2000 ...- -45 -115 90 52 11.5 30000 1.5 - 60 

1103 125 10 5.0 2000 600 30 17.5 0.15 29 20 J . 5J 

Class-C Amp. (Telegraphy) 2000 SOO 40 - 90 160 45 12 - 2.0 ----• 210 

Class-C Amp. (Telephony) 1600 400 100 - 80 150 45 25 27000 5.0 -.... 155 

Suppressor-Modulated Amp. 2000 -- -110 -100 80 48 15 35000 2.5 --.. 53 

Grid-Modulated Amplifier 2000 600 40 - 80 80 20 4.0 ---• 2.0 -» 53 

0A, 4X-15 
150 6.0 2.0 1000 300 15 16.1 0.02 4.7 500 N. T-9J Class-C Amp. (Telegraphy) 

1000 250 - - 80 200 39 7 - 0.69 - 148 

750 250 - - 80 200 37 6.5 0.63 --- 110 

600 250 - - 75 200 35 6 ••••••• 0.52 --- 85 _ 

4X-
150G 150 2.5 6.25 1250 300 15 16.1 0.02 4.7 165 N. Class-C Amp. (Telegraphy) 1250 250 - - 90 200 20 11 -• 1.2 -.- 195 - 

PE340/ 
4D23,, 150 5.0 7.5 4000 400 - 11.6 0.06 4.35 120 N. 58K 

Class-C Amp. (Telegraphy) 3000 400 - -290 200 27 7 - 2.6 -, 430 

Class-C Amp. (Telephony) 2300 400 - -425 180 27 9 - 4 - 350 

Class Alt? Audio , 2300 400 - - 95 284 , 77 -.• •-..- 1.8 , 19100 460 



TABLE XVII-TETRODE AND PENTODE TRANSMITTING TUBES-Continued 

Type 

Max. 
Plate 
Dissi- 
potion 
Wags 

Cathode 

Volts Amp. 

Max. 
Plate 
Volt- 

age 

Max. 
Screen 
Volt- 

age 

Max. 
Screen 
Dissi- 
potion 

Watts 

-- 

Intereleetrode 
Capocitances(opfd.) Max. 

Freq. 
Mc. 
Full 

Ratings 

Base 
Socket 
Con- 
nec- 
lions 

Typical Operation 
Plate 
Volt- 
age 

Screen 
Volt- 
age 

Sup- 
Presser Volt-
age 

Grid 
Volt- 
age 

Plate 
Current•Current 
Ma. 

Screen 

Ma. 

Grid 
Cuisent 
Ma. 

Screen 
Resistor 
Ohms 

Approx. 
Grid 

Driving 
P 0 WO r 
Watts 

Class IS 
P-to-P 
Load 
Res. 
Ohms 

Approx. 
Output 
Power 
Watts 

Grid 
to 

Fil. 

Grid 
to 

Plate 

Plate 
lo 

Fil. 
AT 340 150 5 7.0 4000 400 9.04 0.19 4.16 120 J. saK class-c Amp.-Oscillotor 3000 400 ....... -500 165 75 -.•••• - 2.4 - - 

RK65 

- 

215 5.0 14 3000 500 35 10.5 0.24 4.75 60 J. 
Class-C Amp. (Telegraphy) 3000 400 -• -100 240 70 24 - 6.0 - 510 

-313C 
Class-C Amp. (Telephony) 2500 - - -150 200 70 22 30000 6.3 - 380 

4-250A 
5D22 
6156 

250 5.0 14.5 4000 600 35 12.7 0.06 4.5 75 N. 58K 

Class-C Amp. (Telegraphy) 3000 500 ---• -180 330 60 10 .--- 2.6 •-.• 800 

Class-C Amp. (Telephony) 3000 400 --.- -310 225 30 9 - 3.2 .- 510 

Class-A82 (Audio) , 1500 300 -- - 48 100/48,5 0/34 192 , - 4.7 , 5400 428 

4-250A 250 5.0 14.5 4000 600 50 12.7 0.06 4.5 85 N. 58K Class-C Amp. (Telegraphy) 
4000 500 - -250 250 22 13 ---- 4.1 - 750 

2500 500 - -100 325 70 22 - 3.7 - 562 
GL- 
5D24 250 5.0 14.1 4000 350 50 12.7 0.06 4.5 85 N. 58K Class-C Amp. (Telegraphy) Same as 4-250A 

 GL-
5D24 

4-
400A 5 

400 5.0 14.5 4000 600 35 12.5 0.12 4.7 110 N. 58K Class-C Teleg. or Telephony 4000 300 - -170 270 22.5 10 10 - 720 

861 400 11 10 3500 750 35 14.5 0.1 10.5 20 N. T-18 
Class-C Amp. (Telegraphy) 3500 500 -• -250 300 40 40 - 30 - 700 

Class-C Amp. (Telephony) 3000 375 - -200 200 - SS 70000 35 - 400 

1Discontinued  
2 Triode lion screen gr d tied to plato. 
1Duel tube. Values for both sections, in push-pull. Interelectrode 

capacitances, however, are for each section. 

Terminals 3 and 6 must be connected together. 
'Filament limited to intermittent operation. 
" Values are for two tubes in push-pull. 
7 Max.-signal value. 

TABLE XVIII - KLYSTRONS 

',Peak grid-ta-grid a.f. volts. 
9Forced-air cooling required. 
I, Average value. 
11 Two tubes triode conneded, G2 10 Gi through 20K i2. Input 10 G2. 

Type 

2K25 / 
723A-B 

Freq. Range-Mc. 
Cathode Base 

Con nec- 
Eons 

Typical Operation Beam 
Volts 

Beam 
Ma. 

(Max.) 

Beam 
Watts 
(Max.) 

Control- 
Electrode 

Volts 

Reflector 
Volts 

Cathode 
Ma. 

R.F. Driving 
Power 
Watts 4 

Output Watts 
Volts Amp, 

8702.4548 6.3 0.44 Fig. 60 Reflex Oscillator 300 32 ..-. --. -130/-185 25 - 0.033 

21(26 6250.7060 6.3 0.50 Fig. 60 Reflex Oscillator 300 25 - - -65/-120 - - 0.120 
2K28 5 12004750 6.3 0.65 Fig. 61 Reflex Oscillator 300 , 45 -. 300 -155/-290 30 - 0.140 
2K33 2350044500 6.3 0.65 Fig. 62 Reflex Oscillator 1800, .- -.• -20/-100 -80/-220 5 - 0.04 
2K34 2730-3330 6.3 1.6 Fig. 58 Oscillator-Buffer * 1900 150 450 -45 - 75 10-14 
2K35 2730-3330 6.3 1.6 Fig. 58 Cascade Amplifier * 1500 150 450 o - 75 0.005 5 
2K41 2660-3310 6.3 1.3 Fig. 59 Reflex Oscillator* 1000 60 75 +24 -510 60 - 0.75 
2K42 , 3300-4200 6.3 1.3 Fig. 59 Reflex Oscillator* 1000 60 75 o -650 45 - 0.75 
21(43 , 4200-5700 6.3 1.3 Fig. 59 Reflex Oscillator* 1000 60 75 o -320 40 - 0.8 
21(44 , 5700-7500 6.3 1.3 Fig. 59 Reflex Oscillator* 1000 60 75 o -700 43 -• 0.9 
2K39 , 750040300 6.3 1.3 Fig. 59 Reflex Oscillator * 1000 60 75 o -660 30 -. 0.46 

21(46 2730-3330 1 
8190-10000, 6.3 1.3 Fig. 58 Frequency Multiplier * 1500 60 60 -90 •-•-• 30 0.01/0.07 0.01-0.07 

21(47 250-280 1 
2250-3360 , 6.3 1.3 Fig. 58 Frequency Multiplier * 1000 60 60 -35 -. 50 3.5 0.15 

21(56 3840-4460 6.3 5.0 Fig. 60 Reflex Oscillator 300 25 - - -85/-150 - - 0.090 
31(21 , 23004725 6.3 1.6 Fig. 58 Oscillator-Amplifier * 2000 150 450 o - 125 1-3 10-20 
31(22 , 3320..4000 6.3 1.6 Fig. 58 Oscillator-Amplifier * 2000 150 450 o - 125 14 1040 
3K23 1 9501150 6.3 1.6 Fig. 59 Reflex Oscillalor * 1000 90 80 0 -300 70 -.., 1.4 



TABLE XVIII— KLYSTRONS— Continued 

Type Freq. Range-Mc. 
*abode Base 

Connec- 
lions 

Typical Operation Beam 
Vo lts 

Beam 
Ma. 

(Max.) 

Beam 
Watts 
(Max.) 

Control-
Electrode 
Volts 

Reflector 
Volts 

Cathode 
Mo. 

R.F. Driving 
Power 
Watts , 

Output Watts 
Volts Amp. 

3K27 , 750-960 6.3 1.6 Fig. 59 Reflex Oscillator* 1000 90 80 0 -300 70 1-2 
3K30 
410R), 
6BI.6 

2700.3300 

1250-6000 

6.3 

— 

1.6 

— 

Fig. 58 

— 

Oscillator-Amplifier * 

Reflex Oscillator 

2000 

330 

150 

— 

450 

— 

0 

+ 1 

i-ii.• 

0/-400 

125 

25 

1-3 

— 

10-20 

— 
6BM6 550-3000 — — — Reflex Oscillator 330 — — + 1 0/-600 20 — — 
707B , 1200-3750 6.3 0.65 Fig. 61 Reflex Oscillator 300 , 45 — 300 -155/-290 30 — 0.140 
SD1103 1250-6000 — — — Reflex Oscillator 330 — — +10 0/-400 25 — --•-• 
51)1104 550-3000 — — — Reflex Oscillator 350 — — +10 0/-600 22 — -i-
OK159 2950-3275 6.3 0.65 Fig. 63 Reflex Oscillator 300 45 — 300 -100/-175 20 0.150 
Z-668 21900-26100 --• — — Reflex Oscillator * 1700 — 15 — -1700/-2300 —i- 0.02 
5836 1250-6000 — — — Reflex Oscillator 350 — +10 0/ - 400 23 — 
5837 550-3000 — — — Reflex Oscillator 350 — — +10 0/-600 22 — 

Type 

CK703 

'Input frequency. 
,Output frequency. 

"Tuner required. 
' At max. ratings. 

Maximum Ratings 

'Has demountable tuning cavity. 
'Cathode current specified on each tube. 

TABLE XIX— CRYSTAL TRIODES 

Typical Operation 

Emitter 

7G2 and G3 voltage. 
*Forced-air cooling required. 

Collector Emitter Collector 

Volts 

-70 

Ma. 

4 

Dissipation 
M. Watts  

200 

Ma. 

10 

Volts 

-30 

Mo. 

2 

Z Ohms 

10000 

Volts 

0.2 

Ma. 

0.75 

Z Ohms 

500 

Transom- Power 
ductance Gain 
ia-Mhes. Db. 

5000 16 

Power 
Output 
M. Watts 

2 



TABLE XX-CAVITY MAGNETRONS 

Type Class 
Band or 
Range 
Mc. 

Heater Maximum Ra lugs Typical Operation 

Volts Am ... 
"  

Anode 
KV. 

Anode 
Amps. 

Duty 
Cycle 

Input 
Watts 

Anode 
KV. 

Anode 
Amps. 

Fled 
Gauss 

Pulse 
µ 

Sc. 
P.P.S. 

Peak 
Pwr. 
Output 
KW. 

RK2J22 1 3267-3333 6.3 1.5 22.0 30.0 .2 600 20.0 30.0 2250 1.0 1000 265 
RK2J23 1 3071-3100 6.3 1.5 22.0 30.0 .002 600 20.0 30.0 2400 1.0 1000 275 
RK2J24 1 3047-3071 6.3 1.5 22.0 30.0 .002 600 20.0 30.0 2400 1.0 1000 275 

RK2J25 1 3019-3047 6.3 1.5 22.0 30.0 .002 600 20.0 30.0 2400 1.0 1000 275 

RK2J26 1 2992-3019 6.3 1.5 22.0 30.0 .002 600 20.0 30.0 2400 1.0 1000 275 
RK2J27 1 2965-2992 6.3 1.5 22.0 30.0 .002 600 20.0 30.0 2400 1.0 1000 275 
RK2J28 1 2939-2965 6.3 1.5 22.0 30.0 .002 600 20.0 30.0 2400 1.0 1000 275 
RK2J29 1 29144939 6.3 1.5 22.0 30.0 .002 600 20.0 30.0 2400 1.0 1000 275 
RK2J30 1 2860-2900 6.3 1.5 22.0 30.0 .002 600 20.0 30.0 1900 1.0 1000 285 
RK2J31 1 28204860 6.3 1.5 22.0 30.0 .002 600 20.0 30.0 1900 1.0 1000 285 

RK2J32 1 2780-2820 6.3 1.5 22.0 30.0 .002 600 20.0 30.0 1900 1.0 1000 285 
RK2J33 1 27404780 6.3 1.5 22.0 30.0 .002 600 20.0 30.0 1900 1.0 1000 285 

RK2J34 1 2700-2740 6.3 1.5 22.0 30.0 .002 600 20.0 30.0 1900 1.0 1000 285 

RK2J36 1 9003-9168 6.3 1.3 13.5 12.0 .002 200 11.5 10.0 2500 1.0 1000 15.0 

RK2J311 1 3249-3263 6.3 1.25 6.0 8.0 .012 200 4.9 3.0 Pkg. 1.0 2000 5.0 

RK2J39 1 3267-3333- 6.3 1.25 6.0 8.0 .2 200 5.4 5.0 Pkg. 1.0 2000 8.7 

2J42 1 93454405 6.3 0.5 5.7 6.5 .001 w..... 4800 2.5 ....... 14 

2J42A 1 93454405 6.3 0.5 8.0 7.0 .001 ..... ..w..w 6500 2.5 - 35 

RK2J411 1 9310-9320 6.3 1.0 16.0 16.0 .002 230 12.0 12.0 4850 1.0 1000 50.0 
RK2J49 1 90004160 6.3 1.0 16.0 16.0 .0012 180 12.0 12.0 5400 1.0 1000 58.0 

RK2J50 1 8740-8890 6.3 1.0 16.0 16.0 .0012 180 12.0 12.0 5400 1.0 1000 58.0 

RK2J54 2 31234259 6.3 1.5 14.0 15.0 .002 250 11.6 12.5 1400 1.0 2000 45.0 

RK2J55 1 93454405 6.3 1.0 16.0 16.0 .001 180 12.8 12.0 Pkg. 1.0 1000 50.0 

RK2J56 1 9215-4275 6.3 1.0 16.0 16.0 .001 180 12.8 12.0 Pkg. 1.0 1000 50.0 

RK2J58 2 2992-3100 6.3 1.5 22.0 15.0 .002 600 10.5 12.5 1450 1.0 2000 50.0 

RK2J61A 2 3000.4100 6.3 1.5 15.0 15.0 .002 250 10.7 12.5 1300 1.0 2000 35.0 

RK2J62A 2 29144010 6.3 1.5 15.0 15.0 .002 250 10.2 12.5 1300 1.0 2000 35.0 

RK2J66 2 2845-2905 6.3 1.5 20.0 25.0 .001 400 1.8.0 25.0 1700 1.0 1000 150 

RK2J67 2 27954855 6.3 1.5 20.0 25.0 .001 400 18.0 25.0 1700 1.0 1000 150 

RK2J68 2 2745-2805 6.3 1.5 20.0 25.0 .001 400 18.0 25.0 1700 1.0 1000 150 
RK2J69 2 26954755 6.3 1.5 20.0 25.0 .001 400 18.0 25.0 1700 1.0 1000 150 

54-3131 1 2374444224 6.0 1.9 15.0 14.0 .0005 - - 7600 1.0 - 
RK4J31 1 28604900 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2700 1.0 400 900 
RK4J32 1 28204860 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2700 1.0 400 900 
RK4J33 1 27804820 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2700 1.0 400 900 
RK4J34 1 27404780 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2700 1.0 400 900 
RK4J35 1 2700.4740 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2700 1.0 400 900 

RK4J36 1 3650-3700 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2500 1.0 400 750 
RK4J37 1 3600.4650 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2500 1.0 400 750 

RK4J38 1 3550-3600 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2500 1.0 400 750 
RK4J39 1 3500-3550 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2500 1.0 400 750 
RK4J40 1 3450-3500 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2500 1.0 400 730 
RK4J41 1 3400-3450 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2500 1.0 400 750 
RK4J43 1 2992-3019 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2700 1.0 400 900 
RK4J44 1 2965.4992 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2700 1.0 400 900 
4J50 1 9345.9405 13.6 3.5 23.0 27.5 .004 .--- - ---. 6300 0.5 - 300 
4J52 1 93454405 12.6 1.9 16.0 15.0 .002 ---. - 5000 6.0 - 120 
RK4J53 1 27934813 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2700 1.0 400 900 
RK4J54 1 68754775 12.6 3.75 25.0 35.0 .001 650 17.5 30.0 Pkg. 1.0 1000 200 
RK4J55 1 6775-6675 12.6 3.75 25.0 35.0 .001 650 17.5 30.0 Pkg. 1.0 1000 200 
RK4J56 1 6675-6575 12.6 3.75 25.0 33.0 .001 650 17.5 30.0 Pkg. 1.0 1000 20D-
RK4157 1 65754475 12.6 3.75 25.0 35.0 .001 650 17.5 30.0 Pkg. 1.0 1000 200 
RK4J511 1 64754375 12.6 3.75 25.0 35.0 .001 650 17.5 30.0 Pkg. 1.0 1000 200 
RK4J59 1 6375-6275 12.6 3.75 25.0 35.0 .001 650 17.5 30.0 Pkg. 1.0 1000 200 
4J78 1 9003-9168 13.6 3.5 23.0 27.5 .004 - - 6300 0.5 - 300 
RK725A 1 9345-9405 6.3 1.0 16.0 16.0 .001 180 12.0 12.0 5400 1.0 1000 50.0 

Fixed-frequency-Pulsed. 2 Tunable-Pulsed. 

V60 
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Travel to the 

northernmost Army outpost — 

in "shooting" distance of the Pole 

— you'll find National 

receivers on the job' 

FROM FROZEN WASTE T TEAMING JUNGLE 

Literally, you'll find National receivers all over the 

world — on Navy ships at sea — on South American mountain 

tops — in the offices of London's famed Scotland Yard — 

on hazardous expeditions like Kon-Tiki! 

No wonder National is the number one choice of experienced 

amateurs — for top performance under all conditions, 

year in and year out! 

Slosh your way 

through the African jungle 

to a movie company 

on location — you'll find 

National receivers 

on the job! 

mitire&elLOAL.Cliim• 

• 

NATI01:11. COMPANY, In 
MALDEN, MASSACNUEETV 

ELECTRONIC EQUIPMENT AND COMPONENTS 
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COVERAGE: 50-430 kc., 480 kc.-35 mc. And 50-54 mc 
Voice, CW. NFM (with adaptor). 

FEATURES: Edge-lighted, direct frequency-reading scale 
with one range in view at a time. 3 I.F. stages at 456 kcs. 
employing 12 permeability-tuned circuits on all bands plus 
one I.F. stage at 2010 kcs. on all frequencies above 7 mcs. 
Switching is done automatically when coil set is plugged in. 
Built-in, isolated heavy-duty power supply. Sensitivity of 
1 mv. or better at 6 db. sig./noise. Selectivity variable from 
8 kc. overall to app. 1200 cps. at 40 db. Current- regulated 
high frequency oscillator and second converter heaters. 
Voltage-regulated high frequency oscillator and S-meter 
amplifier. Negligible drift after warmup. Micrometer dial 
for logging. Provision for crystal calibrator unit. Variable 
ant. trimmer. Lively S-meter. Min. tubes in front end and 
high freq. osc. Osc. circuits not disabled when receiver in 
send position. High-fidelity push-pull audio (±2 db 50-
15,000 cps.) with phono jack. BFO switch separated from 
BFO freq. control. Illumination dimmer control.. Accessory 
socket for Select-O-Ject. 

CONTROLS: Bandswitch, Oscillator, Tone, Ant. Trimmer, 
Dimmer, AVC, Limiter, AF Gain, Calibration, CWO, Phasing, 
Selectivity, On-Off, RF gain, AM-NFM-PHONO. 

TUBE COMPLEMENT: 6BA6, 1st r.f.; 6BA6, 2nd r.f.; 
6BE6; mixer; 6C4 h.f. oscillator; 6BE6, 2nd high-frequency 
cony.; 6SG7 1st if.; 6SG7, 2nd if.; 6SG7, 3rd if.; 6H6 det. 
& a.v.c. 6H6, a.n.l.; 6S.17, 1st audio; 6SN7, phase splitter 
and S-meter amp.; 6V6GT p.p. audio; 5V4G, rect.; 
6S.17, b.f.o.; 062, volt reg. 4H4 Osc. Fil. Cur. Reg. 

SIZE: Table 19)4" wide x 10%" high x 16W deep. Rack: 
19' wide x 10" high x 1774" from rear of front panel 
incl. 1%' handle. 

ACCESSORIES: 50TS (10" PM Speaker), $16.00; 
50 SC-2 ( Speaker Coil Compartment), $49.75; S0.1-3 
(Select-O-Ject), $28.75; 650S (Vibrator Pack — 6 V.), 
$75.00; MRR-2 (Table Relay Rack 29' High), $16.85; 
50 X CU-2 ( 100 1000 kc xtal Calibrator), $24.50; NFM 
83-50 ( NBFM Adaptor), $17.95; E and F coils (900 — 2050 
Kc and 480-960 Kc), S24.50 each. Other coils available 
covering 50 Kc to 430 Kc, 21.0 to 21.5 mc Bandspread, 
27-30 mc Bandspread, 25 to 35 mc. And 50-54 mc. 

$483 50* 
*Slightly higher west of the Rockies. (Less Speaker) 

COVERAGE: Continuous from 540 kcs. to 31 mcs. plus 
48 to 56 mcs. for 6-meter reception. 

FEATURES: Two tuned R.F. stages. 3 stages of I. F. Voltage 
regulated osc. and BFO. Main tuning dial covers range in 
five bands. Bandspread dial calibrated for amateur 80, 40, 
20, 15, 11-10 and 6-meter bands. Bandspread usable over 
entire range. Six-position crystal filter. New-type noise 
limiter. High fidelity push-pull audio. Accessory socket for 
NFM adaptor or other unit, such as crystal calibrator. 

CONTROLS: CWO Switch, CWO pitch, Tone, AF Gain, Main 
Tuning, Bandspread, Ant. Trimmer, Bandswitch, Send-

Receive, Phono - Radio, Selectivity, Phasing, Limiter, RF Gain. 

TUBE COMPLEMENT: Uses 2 -6BA6 R.F.; 2-613E6 First and 
second converter; 3-6BA6 IF.; 1 -6AL5 second det. — 
AVC; 1 -6AH6 AVC amplifier; 1-6S.17 C.W. OSC; 1 -6A15 
Limiter; 1 -6SJ7 First Audio; 1 -615 Phase Inverter; 2 -6V6GT 
Audio Output; 1-062 Voltage Reg.; 1-5U4G Rect. 

ACCESSORIES: Matching 10' PM Speaker, $16.00; NFM 
83-50 Narrow Band FM adaptor, $17.95. 

$36950* 
*Slightly higher west of the Rockies. (Less Speaker) 

NATIONAL COMPANY, INC., 61 SHERMAN ST., MALDEN, MASS. 
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WORLD FAMOUS 

le cm. I. es rt. trz  

RECEIVERS 

COVERAGE: 560 kcs. to 35 mc. in 4 bands. Voice or CW. 

FEATURES: Edge -lighted direct- reading scale with amateur, 
police, foreign, ship frequencies clearly marked. Sensational 
National Select-O-Ject built-in. Exceptional sensitivity on 
all bands. Lively S -meter reads S9 to 50 mv. signal. AVC, 
ANL, jack for phono or NFM adaptor, volt, reg., stabilized 
osc., audio essentially flat to 10,000 c.p.s. 

CONTROLS: Main Tuning, Bandspread, Freq. (S0J), 
Boost SOJ), Send -Receive, Pitch, CWO-MVC-AVC-ANL, 
AF Gain, Tone, Trimmer, Bandswitch, RF Gain. 

TUBE COMPLEMENT: 6SG7 RF amp., 6SB7-Y osc.-mixer, 
6SG7 1st IF, 6SG7 2nd IF, 6H6 2nd det-AVC-ANL, 6SL7GT 
phase shifter, 6SL7GT boost- reject aud. amp., 6SL7GT 1st 
aud.-CWO, 6V6GT aud. output, OD3/VR-150 volt. reg., 
5Y3GT rect. 

ACCESSORIES: NC -125TS Speaker, $11.00; NFM -73 
(Narrow Band FM adaptor), $18.95. 

*Slightly higher west of the Rockies. 
$14950* 

(Less Speaker) 

COVERAGE: Entire frequency range from 540 kc. to 30 mc. 
in 4 bands. Voice, music or code. 

FEATURES: Sensitive and selective superhet circuit, using 
new miniature tubes. Slide rule general coverage dial with 
police, foreign, amateur and ship bands clearly marked. 
Unique plastic bandspread dial is adjustable to assure 
logging accuracy over entire range. Built-in speaker and 
power supply. Volume, Receive-Standby, Bandswitch, 
AM -CW, Speaker, Phones. 

TUBE COMPLEMENT: 1213E6, converter; 12BA6, CW osc. 
— IF amp.; 12AV6, 2nd det.-Ist aud. — A. V. C.; 5005, 
audio output; 35Z5, rectifier. 

SIZE: 11" wide, 7" high, 7" deep. $4995* 

Set SELECT-0 -JECT for REJECT, tune by ear and — presto! 
— an annoying heterodyne or other unwanted signal 
practically disappears without materially affecting the 
wanted signal! Set SELECT-0-JECT for BOOST, tune— 
and presto! — a selected c.w. signal rises above background 
noise and interfering signals! Can also be used as audio 
oscillator having over 100 to 1 frequency range with a single 
rotation of the tuning knob! Excellent as a code practice 
oscillator! Effective on any frequency from 80 c.o.s. to 

9,000 c.p.s.! Easily connected to any receiver having 6.3v. 
and filtered 8+ supply available. $2 875* 

NATIONAL COMPANY, INC., 61 SHERMAN ST., MALDEN, MASS. , 
.16 
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POPULAR COMPONENTS 

HRT ( gray or black) 
The HRT knob is 21/8" in dia. 
and fits 1/4 '' shafts. This knob has 
a chrome appearance circle and 
combined with the HRS series 
shown below gives the new look 
to panel layouts. 

HRS (gray or black) 
The HRS series knobs are a pop-
ular easy to grip knob. They are 
molded of high quality plastic 
and have 13/8" dia, chrome plated 
bevel skirts fit 1/4 " shafts avail-
able in the following scales: 

HRS-I 

HRS-2 

HRS-3 

HRS-4 

HRS-5 

ON-OFF through 30° 

5-0-5 through 180° 

0-10 through 300° 

Single etched line 

0-10 through 180° 

HRT and HRS knobs can be sup-
plied in quantity in any color. 

HR (gray or black) 

An HRS type knob without the 
chrome plated skirt but with a 
white dot for spotting relative con-
trol settings. 

HRB 
Ideal for bandswitching or other 
applications where a switnh is 
turned to several index positions, 
the new HRB lever knob has just 
the right feel — a bright zinc 
alloy die casting. 

HRM 
Small knurled brass knob, satin 
chrome finish, arrow head black 
filled. Two 4-40 Allen set screws 
used. 

SB 
A nickel plated brass bushing 'I2 
dia. ( Fits 1/4 " shaft). 

ODL 
A locking device which clamps the 
rim of 0, K. L and M Dials. 
Brass, nickel plated. 

ODD 
Vernier pinch drive for 0, L, or 
other plain dials. 

RSL (fits 1/4 " shaft) 
Rotor shaft lock for TMA, TMC 
and similar condensers. 

DP-I 

Chrome-plated dial pointer 

DP-2 

Diamond head dial pointer 

AN Vernier Mechanism 
A vernier mechanism ratio 5-1 has 
an insulated output shaft coupling 
for 1/4 '' shafts. Drive Shaft fits 
3/16n knob. 

AVD Vernier Mechanism 
Similar to AN-Output shaft coup-
ling is non insulated. 
For commercial uses many varia-
tions available. Write for further 
particulars. 

This small dial has a 15/8" dia. 
scale calibrated 0-10 in 180 
increased reaciing with c,os-kwie 
rotation. Black bakelite knob. Fits 
1/4" shaft. 

VD- I6 
National's popular dial knob. Same 
as used on type N knob. Firs 1/4" 
shaft. 

VD- I 6A 

Same as above but fits 3/16" shaft. 

HRP-P 
Black bakelite knob 11/4 " long and 
1/2 " wide. Equipped with pointer. 
Especially suitable for use on wafer 
and other rotary switches on lab-
oratory eg,..ipment and the like. 
(Fits 1/4 " shaft). 

HRP 
The type HRP knob has no pointer 
but is otherwise the same as the 
knob above. Recommended for un-
calibrated or hard-tuning controls. 
(Fits 1/4 " shaft). 

HRK 

Black bakelite knob 23/8" dial — 
extremely rugged. This is the knob 
used on National type 0 and type 
L dials. 

HRT-M 
This is a smaller version of the HRT. 
Available in choice ot. gray or black 
— is 1-7/16" in diameter. 

6 NATIONAL COMPANY, INC., 61 SHERMAN ST., MAIDEN, MASS. 



POPULAR COMPONENTS 
4 Dial 
.1,1) Dial IFe rour-inch N and AD Dials have 
naine divided and die stamped 
cares respectively. The N Dial has 
decimal vernier; the AD Dial em-

- loys a pointer. The planetary drive 
;as a ratio of 5 to I, and is con-
tetned within the body of the dial. 
l, 3, 4, 5 or blank scale. Fits 1/4 " 
haft. Specify scale. 
1 Dial 
'Velvet Vernier" Dial, Type B, has a [ompact variable ratio 6 to 1 min., 
0 to 1 max. drive that is smooth 
rid trouble free. The case is black 
akelite. I or 5 scale. 4'' dia. Fits 
/.4 shaft. Specify scale. 

3M Dial 
"te BM Dial is a smaller version of 

Ie 
he B for use where space is limi-
d. The drive ra tio is fiJed. Al-
hough smail in size, the BM Dial 
as the same smooth action as the 
'cet units. I or 5 scale. 3" dia. 

1/4 " shaft. Specify scale, 

tOsel Dial 
-re original "Velvet Vernier" mech-
iniun in a metal i,kirted dial 3- in 
die. ratio 5 to I. It is avaiobie 
r+ith 2, 3, 4, 5 or 6 scale and 
/4- shaft. 
' Dial 
7he reW P dial is the same as the 
6,t..1 encopt dirent drive. 
fype 0, 31/2 ' dia., scale 2, with 
-IRK knob, fits 1/4 " shafts. 
HRT-0, same as type 0 dial but 
Jsing gray HRT knob. 
HRT-N, same as above, but using 
Jack HRT knob. 

Type L, same as 0 except 5" dia., 
ica,e 2 only. 
Type K, same as 0 except less knob, 
zomp,ete with ODD vernier drive, 
cales 2 only. 

Divisions 

Type M, same as K except 5" dia., 
scale 2 only. 

The dials at the right are for indi-
vidual calibration: all four employ 
the noted 5:1 drive ratio Velvet 
Vernier mechanism and are of ex-
cellent quality. 

MCN Dial 
The MCN dial has been scaled down 
to lend itself ideally to mobile in-
stallations and small converters and 
tuners. It may also be mounted on 
the standard 31/2" rack panel where 
such mounting may be desirable. 
The dial provides three calibrating 
scales and a 0-100 logging scale. 
On the rear side of the dial, the 
rnecheàrn extends 14- below the 
dial frame. 23/4" H. x 37/8" W. 

SCN Dial 
The SCN dial provides the same 
dial scales as the ACN dial but in 
a reduced size. It is used where 
economy of panel-mounting space is 
desirable and where a smaller dial 
would be out of proportion with 
the rize of the panel. 4-7/16" H x 
61,/4' W. 

ICN Dial 
The ICN dial meets those hundreds 
or requests from amnte,..rs the world 
over or an illuminated ACN dial. 
Two dial lights mounted on the top 
ccrners cf the dial provide efficient 
and e,rn- illumination on all bards. 
The oi.a window has been blanked 
out in semi-circular shape to pre-
vent shadow casting. Dial scales are 
the same as those used on the ACN 
dial. 51/8" H. x 71/4" W. 

ACN Dial 

The ACN is the original of this type 
dial, a National design for the bene-
fit of experimenters who -build their 
own" and desire direct calibration. 
5" H x 71/4" W. 

DIAL SCALES 

Rotmion 

180' 
180' 
180' 
270' 
360' 
270' 

Direction of Condenser Rot.-
tionfor incresseoldiel reeding 

• 
Either 
Counter Clockwise 
Clockwise 
Clixkwise 
Clockwise 
Counter Clockwise 
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POPULAR ° COMPONENTS 
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R-100, R- 100U, R-1005, 
R-100 ST 

These RF chokes are iden-
tical electrically, but differ 
in mounting provisions. The 
R- I00 employs pigtail leads; 
the R- 100U has pigtail leads 
and a removable stand-off 
insulator; the R- 100S has 
cotter- pin lug terminals and 
a non-removable stand-off 
insulator; the R-100ST has 
a 6-32 threaded stud at 
each end. These chokes are 
available in 2.5, 5 and 10 
millihenry sizes and are rated 
at 125 milliamperes. 

R-33 

The R-33 series chokes are 
2-section RF chokes avail-
able in 10, 50, 100 and 750 
microhenry sizes. Also avail-
able in this series is a single 
layer solenoid choke of 1 
microhenry inductance. All 
are rated at 100 milliamperes. 
The chokes are wound on 
a 5/8" long form and range 
in diameter up to 5/16" 
maximum. 

R-50 

The R-50 series chokes are 
3 and 4-section RF chokes 
available in 0.5, I, and 2.5 
millihenry sizes. They are 
rated at 100 milliamperes. 
The chokes are wound on a 
1" long form and have a 
maximum diameter of 15/32". 

R-50-1 

A 10 millihenry choke wound 
on an iron core. 

R-33G 

The R-33G choke is a 2-
section 750 microhenry RF 
choke hermetically sealed in 
glass with a current rating 
of 33 milliamperes. The 
choke body is I" long by 
Y8" diameter. 

R-60 

The R-60 choke is a high 
current RF choke ( 500 mil-
liamperes) available in 2 
and 4 microhenry sizes. The 
choke is l'/8" long by 5/16" 
diameter. 

R-300, R-300U, R-3005, 
R-300ST 

These RF chokes are similar 
in size to R-100 series but 
have higher current capaci-
ty. The R-300U is provided 
with a removable stand-off 
insulator at one end. The 
R-300S has a non- removable 
stand-off insulator and cot-
ter- pin lug terminals. The 
R-300ST has a 6-32 threaded 
stud at each end. Induct-
ance values of 0.5, 1.0, 2.5 
and 5.0 millihenries are 
available with a current rat-
ing of 300 milliamperes. 
R-300, R-300U, R-300S and 
R-300ST are identical elec-
trically. 

R- I 52 

For use in the range be-
tween 2 and 4 Mc. Ideal 
for high power transmitter 
stages operated in the 80 
meter amateur band. Induct-
ance 4 m.h., DC resistance 
10 ohms, DC current 600 
ma. Coils honeycomb wound 
on steatite core. 

R- I54, R-I54U 

For the 20, 40 and 80 meter 
bands, Inductance 1 m.h., 
DC resistance 6 ohms, DC 
current 600 ma. Coils honey-
comb wound on steatite 
core. The R-I54U does not 
have the third mounting foot 
and the small insulator, but 
is otherwise the same as 
R- I54. See illustration. 

R- 175 

The R- 175 Choke is suitable 
for parallel-feed as well as 
series-feed in transmitters 
with plate supply up to 3000 
volts modulated or 4000 
volts unmodulated. Unlike 
conventional chokes, the re-
actance of the R- 175 is 
high throughout the 10 and 
20 meter bands as well as 
the 40 and 80 meter bands. 
Inductance 225 ph, distrib-
uted capacity 0.6 mmf., 
DC resistance 6 ohms, DC 
current 800 ma., voltage 
breakdown to base 12,500 
volts. 

Manufacturers: We have facilities for quantity production 

of RF chokes of practically any type. Send us your 

specifications. 
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, 

111 

FWG 

FWH 

4 

FWJ 

FWF 

FlefAL : FWE 

jite 

*te. 

FWC 

XS-6 

TPB • 

'le XS-7 

leer 

XS-8 
A r IrrA 

XS-9 

XS-1 

Aire 

At 2 

WG 
- . tron terminal strip for 
high frequency use. The 
binding posts take banana 
plugs at the top, and grip 
wires through hole at the 
bottom, simultaneously, if 
desired. 

FWH 
The insulators of this ter-
minal assembly are moulded 
R-39 and hu.o serrated bot-
ses that allow the thinnest 
panel to be gripped firmly, 
and yet have ample shoul-
ders. Binding posts same as 
FWG above. 

FWJ 
This assembly uses the same 
insulators as the FWH 
above, but has ¡ acks. When 
used with the FWF plug 
(below), there is no exposed 
metal when the plug is in 
place. 

FWF 
This moulded R-39 plug has 
two banana plugs on 3/4" 
centers and fits FWG, FWH 
or FWJ above. Leads may 
be brought out through the 
top or side. 

FWA, Post 
Bfass Nickel Plated 

FWE, Jack 
Brass Nickel Plated 

FWC, Insulator 
R-39 Insulation. 

FWB, Insulator 
Polystyrene insulation. 

XS-6 
A low- loss steatite bushing 
for 1/2" holes. Passes 6-32 
screw. 

TPB 
A threaded polystyrene bush-
ing with removable .093 
conductor moulded in, I/4" 
diam., 28 thread. 

XS- 7, 

XS- 8, 

XS- I , 

XS- 2, 

(3/8" Hole) 

(l1/2" Hole) 

(I" Hole) 

(1 1/2 " Hole) 

XS-9 
Feed-through insulator. Hole 
size 13/64". Insulators are 
adjustable on silver-plated 
terminal stud for different 
partition thicknesses. Ceramic 
insulators are of high grade 
materials designed for high 
frequency equipment. 

AA-3 
A low- loss steatite spreader 
for 6 inch line spacing. ( 600 
ohms impedance with No. 12 
wire.) 

AA-5 
A low- loss steatite aircraft-
type strain insulator. 

AA-6 
A general purpose strain in-
sulator of low- loss steatite. 

GS- 1, 1/2 " x I 341" 
GS-2, 1/2 " x 27/8" 
GS-3, 3/4" x 27/8" 

GS-4, 3/4" x 
GS-4A, 3/4 " x 
Cylindrical low- loss steatite 
standoff insulators with nickel 
plated caps and bases. 

GSJ, (not illustrated) 
A special nickel plated jack 
top threaded to fit the 3/4" 
diametr insulators GS-3, 
GS-4 & GS-4A. 

GS-I 0, 3/4 " high 

GS- 10S (not illustrated) but 
same as GS- 10 except in-
cludes threaded stud in top 
end. 

ES-5, 11/4" high 
ES-6, 2" high 

GS-7, 3" high 

These cone type standoff in-
sulators are of low loss stea-
tite. They are moulded with 
a tapped hole in each end 
for mounting as follows: 

GS- 5, 8-32 tap 7/16" deep: 
GS-6 & GS- 7, 10-24 tap 
11/16" deep; GS- 10, 6-32 
tap I/4" deer) and GS- 105 
as noted above. 

GS-8, with terminal 
ES-9, with jack 

These low- loss steatite stand-
off Insulators are also useful 
as lead-through bushings. 

XS-3, ( 23/4" hole) 
XS-4, (33/4" hole) 
Prices are per pair and in-
clude nickel plated spindles, 
lugs and hardware. These 
low- loss steatite bowls are 
ideal for lead-in purposes at 
high voltages. 

XS-5, Without Fittings 

XS-5F, With Fittings 
These big low- loss bowls 
have an extremely long leak-
age path and a 51/4 " flange 
for bolting in place. Insula-
tion steatite. Fittings include 
nickel plated brass spindles, 
lugs, nuts and washers. 
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POPULAR COMPONENTS 
SHAFT COUPLINGS 

TX- 9 

A steatite insulated flexible 
coupling for 1/4 " shafts. Con-
servatively rated at 5000 
volts peak. Diameter 13/8", 
length 1". Length and flash-
over voltage can be in-
creased by turning collars 
outboard. 

TX- 1 I 

The flexible shaft of this 
coupling connects shafts at 
angles up to 90 degrees, and 
eliminates misalignment prob-
lems. Fits 1/4 " shafts. Length 
41/4 ". 

TX- 12, Length 45/8" 

TX- 13, Length 71/4 " 

These couplings use flexible 
shafting like the TX- II above, 
but are also provided with 
steatite insulators at each 
end. 

TX- 1. Leakage path I" 

TX-2, Leakage path 2//2" 
Flexible couplings with glazed 
steatite insulation which fi• 
1/4 " shafts. 

TX-23 

A deluxe insulated flexibl., 
coupling designed for cou 
pling 1/4 " shafts. Will handle 
a maximum radial misalign-
ment of 1/16" also 2 degrees 
maximum angular misalign-
ment. 

TX-24 

Same as TX-23, shaft size 
5/32". 

TX-25 

Same as TX-23, non-insulated. 

TX-8 

A non-flexible rigid coupling 
with steatite insulation. I 

diam. Fits 1/4 " shaft. 

TX- 10 

A very compact insulated 
coupling free from backlash. 
Insulation is canvas bakelite. 
I-1/16" diam. Fits 1/4 " shaft. 

TX- 10F Not illustrated) 

A new version of the TX- I0 
which employs thin canvas 
bakelite strips for flexibility. 

TX-22 ( Not illustrated) 

A non-insulated coupling 
identical to TX- I0 except of 
all metal construction. Makes 
good electrical connection 
between coupled shafts. 

TX-9 

This small insulated flexible 
coupling provides high elec-
trical efficiency when used 
to isolate circuits. Insulation 
is steatite. 1s/8" diam. Fits 
1/4" shaft. 

TX-2I ( Not illustrated) 

Similar to TX- 10 except 
13/16" long and couples 1/4" 
shaft to 5/32- shaft. 

SAFETY GRID AND 

PLATE CAPS 

SPP-9 

Ceramic insulation. Fits 
9/16 diameter. 

SPP-3 

Ceramic insulation. Fits 3/8" 
diameter. National Safety 
Grid and Plate Caps have a 
ceramic body which offers 
protection against acciden-
tal contact with high voltage 
caps on tubes. 

GRID AND`PLATE 

GRIPS 

Type 12, for 9/16" Caps 

Type 24, for 3/8" Caps 

Type 8, for 1/4 " Caps 

National Grid and Plate 
Grips provide a secure and 
positive contact with the 
tube cap and yet are re-
leased easily by a slight 
pressure on the ear. 

RIGHT ANGLE 

DRIVES 

ACD-I, ACD-2, ACD-3 

These sturdy drives were de-
veloped for use with the new 
National AMT condensers. 
They are as compact as the 
torque requirements will al-
low and have nickel plated 
cast frames and bronze gears 
which operate smoothly with-
out chatter or binding. The 
ACD-I has 32 pitch gears 
and a 1/4 " dia, dial shaft 
and drives 1/4 " shafts. ACD-2 
has 24 pitch gears ( for 
heavier service) and 1/4 " 
dia, shaft driving 1/4 - shafts. 
ACD-3 is the same as ACD-2 
except that it drives 3/8" 
diameter shafts. 
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POPULAR tLonL COMPONENTS 
XLA 
A ow- loss socket for the 6F4 
and 950 series acorn tubes 
for frequencies as high as 600 
Mc. Conventional by-pass con-
densers may be compactly 
mounted between the contact 
terminals and the chassis. Low 
contact resistance, short and 
direct leads and low and con-
stant inductance are features. 

TURRET SOCKET 
ASSEMBLIES 

TSA-I 7 pin Hollow Stud 
TSA-2 7 pin Solid Stud 
TSA-3 9 pin Hollow S'ud 
TSA-4 9 pin Solid Stud 
Dr 'ined for our 7- pin and 
9-p,n miniature tube sockets. 
Permits compact sub-assemb'y 
wiring at base of socket. Cad-
mium- plated brass cen'er sup-
Dort has a standard length of 
,o inches. Silver-plated brass 

terminal studs. AvaPabie 
either with holes through 
which leads can be drawn, or 
with solid studs. Center sup-
ports of varying lengths and 
other types of terminals can 
be supplied to manufacturers 
in quantity. 

XOA-7 ( mica-filled bakelite) 

XOR-7 ( mica-filled bakelite) 

These high quality sockets for 
the 7 pin miniature tubes have 
silver plated beryllium copper 
contacts that correctly grip 
the tube pins &ose to the 
base of the tube to provide 
the short leads and low in-
ductance so necessary in ultra-
high frequency design. 
A novel feature of these new 
sockets is the interchange-
ability of the cc.sn-xo+f, which 
are easily removed for re-
placement. This permits the 
use of a mixture of axial 
(XOA) and radial ( XOR) 
type contacts in the same 
socket to obtain the shortest 
possible leads, or minimum 
size in tight places. The above 
sockets all mount with two 
4-40 screws on .875' centers. 
Chassis cutout should be 34" 
dia. Shields for use with these 
sockets are available. 

XOA-9 bakelite) 

XOR-9 ( mica-filled bakelite) 

These sockets are for the new 
9- pin miniature tubes. The 
XOR-9 ( not illustrated) has 
radial contacts. Each has all 
of the features described 
above for the 7- pin types 
and they also mount with 4-40 
screws. Mounting center di-
mension is 11/8", the chassis 
cutout should be 13/16" dia. 

NATIONAL COMPANY, INC., 

TC SERIES MINIATURE 
TUBE CLAMPS 

Easy to assemble — just two 
pieces — a spring clip and a 
base of stainless s‘ee '. Base 
mou-fs in same holes, using 
some screws or rivets, as sock-
es. Easy to remove tube, 
simply snap off spring clip. 
Made to government specifi-
cations. Types available for all 
standard miniature tubes. 

Type No. Tube Body Type 
Length Socket 

IC- 1 I1/8 - 7- pin 
TC-2 11/2" 7-pin 
TC-3 7- pin 
TC-4 I " 9- pin 
IC-5 9- pin 
TC-6 9- pin 

CIR SERIES SOCKETS 
Alwv', a popular National 
cc - . type CI R Sockets 
fea•uce ! o./,-!oss steeite in-
sfia'ion, a cor‘act that grips 
the tube prong for its e- tire 
length, and a metal ring for 
six position mounting. 
XC-4, 5, 6, 7S, 7L and C1R-4, 
5, 6, 75 and 7L all have 
1-27/32" mounting centers. 
Cl R-8E has slo'ted hoes in 
plate but will mount on 
1-27/32" center. Cl R-8 and 
XC-8 have 11/2 " mounting 
centers. 

XC SERIES SOCKETS 
XC-4, XC-5, XC-6, XC-7S, 
XC-7L, XC-8 

National wafer sockets have 
exceptionally good contacts 
with high current capacity 
together with low loss s-eatite 
insu:ation. All types have a 
locating groove to make tube 
insertion easy. 

HX-29 A 16w lorx wafer socket 
with steatite insulation for the 
popular 829 and 832 tubes. 

JX-5I A low loss steatite 
water socket for the 813 and 
other tubes having the Giant 
7- pin base. ( not illustrated) 

XM-I0 A heavy duty metal 
she 'l socket for tubes having 
the XU 4-pin base. 

XM-50 (see XM-I0 for style) 
A heavy duty metal shell 
socket for tubes having the 
Jumbo 4-pin base (" fifty 
wafters"). 

FIX- 100 A low loss wafer sock-
et suitable for the type 
4- I25-A, 4-250-A and other 
tubes using the Giant 5- pin 
base. Shield grounding clips 
are supplied which mount on 
the cnassis with the socket 
mounting screws to ground 
the tube shield at three points. 
Air holes are provided in the 
socket to permit forced air 
cooling. 
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COMPONENTS 
Coil Forms molded of R-39 
mica-filled bakelite permitting 
them to be grooved and 
drilled. Coil Form diameter 
I", length Oh" 

XR-I, Four Prong 

XR-2, Without Prongs 

XR-3, molded of R-39 Diam-

eter 9/16", length 34" with-
out prongs. 

XR-4, Four Prong 

XR-5, Five Prong 

XR-6, Six Prong 

Molded of R-39 permitting 
them to be grooved and 
drilled. Coil Form Diameter 
11/2 ", length 21/4 ". A special 
socket is required for the XR-6. 

National type XC-6C 

SC, Crystal Sockets 
The SC- I, SC- 2, and SC-3 
are crystal mounting sockets 
for crystal holders with mount-
ing pins spaced 0.5000", 
0.486", and .750" respectively 
and pin diameters of 1/8" and 
3/32" and 1/8" respectively, 
steatite insulation. Single 4-36 
or 4-40 screw mounting for 
SC- I and SC-2, single 6-32 
screw mounting for SC-3. 

SC-4 Ceramic crystal socket 

with clamp. Pin spacing .500". 
Pin dia. 1/32". 

CFA 

The National chart frame is 
supplied with a celluloid sheet 
to cover the chart size 21/4- x 
31/4- with sides 1/4" wide. Du-
rable finish. 

PB-10-5 
5 Prong base and shield 

PB-I0-6 
6 Prong base and shield 

PB-10-A-5 
5 Prong base only 

PB-10-A-6 
6 Prong base only 

RZ Coil Shield 
13/8" square x 4" high. 

RS Coil Shield 
I-7/16- x 17/8" x 31/2 " high. 

RO Coil Shield 
2- x 23/8" x 41/8" high. Na-
tional Coil Shields are formed 
from a single piece of pure 
aluminum. They are mechani-
cally strong and have ample 
thickness to mount small parts 
on the walls, and include 
spade belts, for chassis mount-
ing. 

T-78 Tube Shield 
National Tube Shield type T-78 
is a three-piece pure alumi-
num shield suitable for shield-
ing glass tubes with ST- I2 
bulb, such as the 6C6 and 
6D6 tubes. 

JS- I Jack Shield 
For shielding small standard 
jacks mounted behind a panel, 
or on the ends of extension 
coils. Indispensable for reduc-
ing hum pickup. 

XOS Tube Shields 
The XOS tube shield is a two-
piece shield for the miniature 
Button 7 and 9 pin base tubes. 

The shield contains a spring 
which centers tube in shield 
and holds tube and shield 
firmly in place. 

SHIELDS 7-pin SOCKETS 

XOS-I fit 11/8' tube body 
XOS-2 fit 11/2- tube body 
XOS-3 fit 2" tube body 

SHIELDS 9-pin SOCKETS 

XOS-4 fit l I/8" body 
XOS-5 fit 11/2 " tube body 
XOS-6 fit 2" tube body 

FXT Fixed tuned exciter tank 
similar in general constructior. 
to National I.F. transformers, 
this unit has two 25 mmf., 
2000 volt air condensers and 
an unwound XR-2 Coil form. 

FXT ( Without plug-in base) 

FXTB-5 ( With 5 prong base) 

FXTB-6 ( With 6 prong base) 

Paint ( not illustrated) 

CP-I, dark gray 

CP-2, black 
A high quality air-drying paint 
that may be applied with a 
brush. 

CP-3, light gray, for spraying 
and baking. 
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POPULAR COMPONENTS 
I. F. TRANSFORMERS 

WC, Transformer, 

IFCO, Oscillator, 

Litz coils wound on a poly-
styrene form and ceramic in 
sulated air- dielectric trimming 
condensers make these trans-
formers inherently stable and 
exceptionally retentive of tun-
ing. The 41/2" x 23/8" x 2" 
shield can has two 6-32 spade 
bolts for mounting. Available 
for either 175 KC or 450-550 
KC. Specify frequency. 

IFL FM Discriminator 

1FM IF Transformer 

IFN IF Transformer 

IFO FM Ratio Discriminator 

IFL, IFM, IFN and IFO trans-
formers operate at 10.7 Mc. 
and are designed for use in 
FM Superheterodyne receiv-
ers. Coils are prenirion wn.ind 
on grooved polystyrene forms 
and tuning is accomplished by 
movable iron cores. Band-
width is not affected by 
tuning slug position. The trans-
former cans are 13/8" square 
and stand 31/8" above the 
chassis. Two 6-32 spade bolts 
are provided for mounting. 
The 1FL transformer is a 10.7 
Mc. Fivl discriminator trans. 
former suitable for use in con-
ventional FM receiver discrim-
inator circuit and is ,: near 
over a band of :12 100 Kc. 
The IFM transformer is a 
10.7 Mc. IF transformer with 
a 150 Kc. bandwidth at 1.5 
db attenuation. Approximate 

AR-2 H.F. Coil 

AR-5 H.F. Coil 

The AR-2 and AR-5 coils ere high 
Q permeability tuned RF coils on 
low loss mica-filled barelite 
formg. The AR-2 coil tunes -- ,•-•1 
75 Mc. to 220 Mc. with capa • .> 
from 100 to 10 mmid. Tee A - 
coil tunes from 37 Mc. to 110 Mc. 
with capacities from 100 to 10 
mmfd. The inductive windings 
supplied ma., be replaced by 
other windings as desired to 
modify the tuning range. 

XR-50 
These mica filled bakelite coil 
forms may be wound as desired 
to provide a permeability tuned 
coil. The form winding length is 
11/16" and the form winding 
diameter is 1/2 inch. The iron 
slug is %" dia. by 1/2 " long. 

XR-5I same but with brass slug 
CERAMIC SLUG-TUNED COIL 
FORMS 
XR-70 (grooved for 
i,an slug) 
XR-7I ( same, brass 
XR-72 ( not grooved, 
I", with iron slug) 
XR-73 ( same, brass 
XR-60 (grooved for 
iron slug) 
XR-6I ( same, brass slug) 
XR-62 ( not grooved, w.nding 
I with i-on slug) 

NATIONAL COMPANY, INC., 61 SHERMAN 

sra -ja cJam )'-) is obtained 
with I-FM Transformer and 
6SG7 tube. 
The IFN transformer is a 10.7 
Mc. IF transformer with a 
100 Kc. pass band at 1.5 db 
attenuatioc. Approximate stage 
gain of 30 is obtained with 
IFN transformer and 65G7 
tube. 
The IFO transformer is a 10.7 
Mc. FM disCrimlmator trans-
former of the ratio type and is 
linear over a band of -± 100 
Kc. 

IFR. Low-priced quality IF 
transformer. 455 kc. 73/8" high 
x 11/8" square. 

IFS. Same as IFR but 1720 kc. 

IFi, with variable coupling 

IFK, with fixed coupling 

15 Mc. IF transformers suit-
able for ultra high frequency 
superheterodynes. They are 
made in two models with 
and without variab.e cou-
p,'-g. Approximate stage gain 
of 10 is obtained with IFJ or 
IFK Transformer and 6AB7 
tube. 

SA:4842 
A 456 kc, discriminator trans-

ç0, narrow hand fre-
quency modulation. Two slug-
tuned secondaries are em-
ployed and discrimination is 
accomplished by resonating 
one at approximately 10 kc. 
above, the other at approxi-
mately 10 kc. below the center 
frequency of the i.f. channel. 

COILS AND COIL FORMS 
XR-63 (same, b-ass slug) 
High-grace ceramic coil forms 
coniorming to JAN speclficatidr.5. 
May be wound as desired to pro-
vide a permeability-tuned coil. 
Extra lugs provided. 

NEW RERMEABILI1Y 
TUNED CERAMIC COIL FORMS 

Sma, ,: e•am,c coil forms de-
signed primarily for high fre-
quency applications and conform-
ing to government specifications. 
Coil form is Grade L4 ceramic 
(JAN 1-10); base is silver-plated 
brass; core is brass or iron. Sup-
plied with two nylon rings to 
separate coils if more than one 
is wound on same forre. Small 
holes in rings can be used to 
secure leads. 

TYPE 

:19 wire, with 

slug) 
winding length 

slug) 
#26 wire, with 

length 

XR 80 

XR 81 

XR 82 

XR 83 

XR 90 

XR 91 

XR 92 

XR 93 

CORE 

BRASS 

IRON 

BRASS 

IRON 

BRASS 

IRON 

BRASS 

IRON 

DIM. 

11/4" 

11/4" 

13/4" 

11/4 " 

11/4" 

1 1/4" 

11/4 " 

ST., 

DIM. 

11;44,, 

3/8" 

3/s" 

%" 

3/8" 

MALDEN, MASS. 
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XR-80—XR-90 Series 

•••-- -1 

XR-70 XR-71 
XR-72 XR-73 

Mir 

XR-60 XR-61 

XR-62 XR-63 
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POPULAR -244-L. "f-.>4 t...A"- COMPONENTS 
MINIATURE 
CONDENSERS: 
Type PS ca ^densers 
are cornba_r s: ver plated 
units of soldered const-euc-
tion for use as tern.-fixed 
bandsets or padders. Base is 
steati'e — bearing is "snug" 
but smooth. PSR models are 
screw-driver adjust type: PSE 
have 1/4 " diameter shafts 
both ends; PSL are similar 
to PSR but include rotor 
shaft lock. 

Type M-30 
The M-30 is a tiny ( 13'16" 
x 9/16" x 1/2") mica trimmer 
— 30 mmf. max. — steatite 
base. 

Type W-75, 75 mmf. 

Type W- I00, 100 mmf. 
Small or- die ectric padding 
corder ers having a very low 
temperature coefficient. They 
are mounted in ll,/4" diam-
eter aluminum shields a- of 
have 1/4" hex heads for 
socket-wrench adius+men -. 

The UM condensers are low-
loss, aluminum plate staked 
construc-ion miniature varia-
b'es designed for UHF con-
verters, VFOs and the like — 
minimum capacity is excep-
tionally low. The UMs can be 
mounted in PB-10 or RO 
shield cans and have 1/4" 
dia, shafts front and rear for 
ganging ( see paces 21, 23 
and 24 for shield cans and 
couplings). Plates: Straight-

line- cap., 180 0 rotation. Di-
mensions: Base I" x 21/4 ", 
mtg. holes on 5À3" x 1-23/32" 
centers, 2-5/16" max. length. 

The UMB-25 and UM B-50 are 
differential ( balanced sta-
tor) models. UM- 10D and 
UMA-25 are double-spaced 
and the latter is bolted con-
struction for experimen'al 
capacity reduction. Hardware 
for panel or chassis mounting 
is supplied with all UM con-
densers. 

Capacity Catalog Symbol 

25 rorro. 
50 
75 
100 

PSR-25 
PSR-50 
PSR-75 
PSR-100 

PS E-25 
PSE-50 
PSE-75 
PSE-100 

PS L-25 
PS L-50 
PS L-75 
PSL-100 

Capacity Minimum 
Capacity 

No. of 
Plates 

Air Gap 

.017" 

.017" 

.017" 

.017" 

.017" 

.042" 

.042" 

Catalog 
Symbol 

15 mint. 
35 
50 
75 
100 
10 
25 

1.5 
2.5 
3 
3.5 
4.5 
I 
3.4 

6 
12 
16 
22 
28 
8 
14 

UM- I5 
UM-35 
UM-50 
UM-75 
UM- 100 
UM- 10D 

UMA-25 

BALANCED STATOR MODEL 

25 1 
E0 

2 4.44 
5 8-8-8 

.017" 

.017" 
UMB-25 
UM8-50 

NEUTRALIZING 
CONDENSERS: 
NC-600U 

With standoff insulator 

NC-600 
Without insulator 

For neutralizing low power 
beam tubes requiring from 
.5 to 4 mmf., and 1500 max. 
total volts such as the 61_6. 
The NC-600U is supp ied 
with a GS- I0 standoff insu-
lator screwed on one end, 
which may be removed for 
pigtail mounting. 

"TU BY" 
CONDENSERS 
Tub...nr cot aer,ers providing 
short r.f. pats between plate 
and catncde Tor tubes hav-
ing the pate connection at 
the top. De>ign reduces har-
monics and helps eliminate 

parasitics. 3,000 volts or 
1,500 volts. 15 mmfd. 

STN 
The Type STN has a maxi-
mum capacity of 18 mmf. 
(3000 V), making it suitable 
for such tubes as the 809. It 
is suppiied with two standoff 
insulators. 

NC-800A 
The NC-800A disk-type neu-
tralizing condenser is suitable 
for the T40, 35TG, 808 and 
similar tubes. It is equipped 
with a clamp for locking. 
The chart below gives capac-
ity and air gap for different 
settings. 

NC-75 
For 812, 75TH and similar 
tubes. 

NC- I50 
For RK36, 100TH, HK354, 
250TH, etc. 

MIMIIIIIIIMMIIIIM 
MallIIIIIIIIMIIMM 
1111110M11111MM 
»9%. BUM» 
Met'b.1«hi: Mann 
MM.fflgenilieelleiMM 
MININWOMMIUMMINIMM 
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POPULAR ,...844i+1_`'` COMPONENTS 

TYPE ST (180 Rotation) 
STRAIGHT-LINE WAVELENGTH 

se ST Type condenser has Straight- Line Wavelength plates. All double-
wing models have the Front beering insulated to prevent noise. On special 
rder a shaft extension at each end is available, for ganging. On double-
eating single shaft models, the rotor contact is through a constant impedance 
igtail Steatite insulation. 

IOTE - Type SS Condensers, having straight-line capacity plates but 
therwise similar to the Type ST, are available. Capacities and Prices same 
; Type ST. 

Minimum No. of Air Catalog Capacity Length Capacity Plates Gen Symbol 

15 Mmf. 
25 
50 

50-50 
100-100 

SINGLE BEARING MODELS 

3 Mmf. 
3.25 
3.5 

_ 

3 018" STHS 15 
4 018 - 1' ir" SINS- 25 
7 018 - 1r,r" STHS- 50 

SPLIT STATOR DOUBLE BEARING MODELS 

5 5 11 11 . 1)1'6-
5.5 5.5 14 14 018" 21‘" 

STD- 50 
STHD-100 

DOUBLE BEARING MODELS 

35 Mmf. 6 Mmf. 8 
50 7 11 
75 8 15 

100 9 20 
140 10 27 

150 10.5 29 
200 12.0 27 
250 13.5 32 
300 15.0 39 
335 17.0 43 

.026" 
I .026" 2' 4" 
I .026" I 214" 
.026" 214" 
.026" 2'l "  

.026" 

.018" 

.018" 
018" 
018" 

ST- 35 
ST- 50 
ST- 75 
ST-100 
ST-140 

ST-150 
5TH -200 
STH-250 
STH-300 
STH-335 

TYPE SE (2 70 Rotation) 
STRAIGHT-LINE FREQUENCY 

YPE SE - All models have two rotor bearings, the front bearing being 
Isulated to prevent noise. A shaft extension at each end, for ganging, is 
vailable on special order. On models with single shaft extension, the rotor 
ontact is through a constant impedance pigtail. The SEU models (illustrated) 
re suitable for high voltages as their plates are thick polished aluminum with 
ounded edges. Other SE condensers do not have polished edges on the 
dates. Steatite insulation. 

15 Mmf. 
20 
25 

50 
75 

100 
150 

200 
250 
300 
335 

7 Mmf. 
7.5 
8 

9 
10 
11.5 
13 

12 
14 
16 
17 

6 
7 
9 

11 
15 
20 
29 

27 
32 
39 
43 

.gn„" 
' .055 

.026" 

.026" 

.026" 
' .026" 

.018" 

.018" 

.018" 

.018" 

2L:1" 
21.1" 
214" 

214" 
214." 
21.4." 
211e 

21," 
2'14" 
2"4" 
2" 

SEU- 15 
SEU- 20 
SEU- 25 

SE- 50 
SE- 75 
SE-100 
SE-150 

SE H-200 
SEH-250 
SEH-300 
SEH-335 

TYPE EMC ( 180' Rotation) 

STRAIGHT-LINE WAVELENGTH 

TYPE EMC "‘ general purpose condenser available in large sizes and 

having Straight Line wavelength plates. They are similar in corntruction to 
the TMC Transmitting condenser, and have high efficiency and rugged frame 
Insulation is Steatite, and Peak Voltage Rating is 1000 volts. Same SiZCS 

available with straight line capacity plates, type DXC condenser. 

Capacity No of Catalog 
mites , Length Symbol 

150 Mrxf. 
250 
350 
500 

1000 

Minimum 
Capacity 

9 Mmf. 
11 
12 
16 
22 

9 121'46" 
15 I 
20 1 21. 
29 41," 
56 

EMC- 150 
EMC- 250 
EMC- 350 
EMC- 500 
E MC-1000 

VHF CONDENSERS 

• Shaft extension at rear for ganging purposes. Dual condensers ideal for 
mixer-oscillator unit. • Ball bearings front and back for smooth rotation and 
freedom from back- lash. • Brackets for mounting 7-pin miniature tube 
sockets, i.e., National XOA for very short leads from tube to condenser 
essential for VHF efficiency, and rigid compact unit-assembly that produces 
better stability. • Wide low- inductance stator strap connections raise 
frequency limit of condensers. Coil or strap tank can be connected directly 
to stator straps allowing maximum inductance in tank and a minimum of in-
ductance between tank and stator. • Stators, rotors and stator strap connec-
tions silver-plated for best efficiency. • Rigid square construction, heavy 
isolantite end plates. • Spade bolts allow solid connections to chassis for 
extreme rigidity. • Flexible insulating coupling available to connect con-
denser shaft to ' i" dial shaft. • Flexible insulating coupling available to 
connect two or more condensers together as ganged units. • High capacity 
single spaced units for general coverage. • Low capacity double spaced 
units for bandspread, suitable for ham use, particularly in the VHF and UHF 
ham bands. • Stators solder construction can be removed and replaced by 
strap tanks for special VHF and UHF application. 

DOUBLE SPACED MODELS 

Two section VHF-2D, 
Maximum capacity per section stator to stator  6.75 mml. 
Minimum capacity per section stator to stator  3.0 mmf. 

Net change  3.75 mad. 

Single section VHF-1D, 
Maximum capacity stator to stator  6.75 mm1. 

Minimum capacity stator to stator  3.0 mmf. 
Net change  3.75 mmf. 

SINGLE SPACED MODELS 

Two section VHF•2S, 
Maximum capacity per section stator to stator  22.5 mrd. 
Minimum capacity per section stator to stator  3.0 mmf. 
Net change  19.5 mmr. 

Single section VHF-1S, 
Maximum capacity stator to stator  22.5 mrd. 

Minimum capacity stator to stator  3.0 mmi. 
Net change  19.5 mmf. 
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POPULAR COMPONENTS 
TYPE TMS TRANSMITTING CONDENSERS 

This is a condenser designed for transmitter use in low power stages. It is compact, rigid, and dependable. Provision has 

been made for mounting either on the panel, on the chassis, or on two stand-off insulators. Insulation is steatite. Voltage rat-
ings listed are conservative. 

Capacity I Minimum Peak 
Capacity Length I Air Gap Voltage 

I No. of 
Plates 

Catalog 
Symbol 

SINGLE STATOR MODELS 

100 Ivirrif. 9.5 3" .026" 1000v. 9 TMS-100 
150 11 3" .026" 1000v. 14 TMS-I50 
250 13.5 .026" 1000v. 22 TM S-250 
300 15 3" .026" 1000v. 27 TMS-300 
35 8 .065" 2000v. 7 TMSA-35 
50 II .065" 2000v. II TMSA-50 

DOUBLE STATOR MODELS 

50-50 M mi. 6-6 .026" 1000v. I 5-5 TMS-50D 
100-‘00 7-7 .026" 1000v. I 9-9 TMS-100D 
125-125 88 .026' 1000v. I 11-11 TMS-125D 
50-50 3 0 5 O• 5 2000v. j Il- Il TMSA-50D 

TYPE TMK TRANSMITTING CONDENSERS 
This is a new condenser for exciters and low power transmitters. Spec'al provision has been made for mounting AR- I6 coils 

in a swivel plug-in mount on either the top or rear of the condenser. For stand-off or panel mounting-steatite insulation. 

Capacity 
Minimum 
Capacity 

Peek i No. of Catalog 
Length 1 Air Gap l Voltage l Plates Symbol 

SINGLE STATOR MODELS 

35 Mod. 7.5 27is" .047" 1500v. 7 TMK-35 
50 8 2'8" .047" 1500v. 9 TMK-50 
75 9 2"4" .047" 1500v. 13 TMK-75 
100 10 3" .047" 1500v. 17 TMK-100 
150 10.5 3%" .047" 1503v. 25 TMK-150 
200 11 4ii" .047" 1500v. 33 TMK-200 
250 11.5 4%" .047" 1500v. 41 TMK-250 

DOUBLE STATOR MODELS 

35-35 Mmf. 7.5-7.5 3" .047" 1500v. 7-7 TMK-35D 
50-50 8-8 3%" .047" 1500v. 9-9 TMK-50D 

100-100 10-10 Or .047" 1500v. 17-17 TMK-100D 

Swivel Mounting Herdware for AR 16 Coils SMH 

TYPE TMH TRANSMITTING CONDENSERS 
A condenser that features very compact construction, Excellent power factor, and aluminum plates .0400" thick with 

polished edges. It mounts on the panel or on removable stand-off insulators. Steatite insulators have long leakage path. 

Capacity 
I Minimum 1 Peak No. of Catalog I 1  
Capacity 1 Length Air Gap Voltage I Plates Symbol 

SINGLE STATOR MODELS 

50 Mmf. 9 3'4" .085" 3500v. 15 TMH-50 
75 11 334" .085" 3500v. 19 TMH-7 5 

100 12.5 5 ' t" .085" 3500v. 25 TMH-100 
150 18 6 2"  .085" 3500v. 37 TMH-150 
35 11 5 l t," .180" 6500v. 17 TMH-35 A 

DOUBLE STATOR MODELS 

35-35 Mmf. 6-6 l 3." .085" 3500v. 9-9 TMH-35D 
50-50 8-8 , 5 ' ." .085" 3500v. 13-13 TMH-50D 
75-75 11-11 6' -" .085" 3500v. 19-19 TMH-7 5D 

TYPE TMC TRANSMITTING CONDENSERS 
A condenser designed for use in the power stages of transmitters where peak voltages do not exceed 3000 volts. The frame is 
extremely rigid and arranged for mounting on panel, chassis or stand-off insulators. The plates are aluminum with buffed 
edges. Insulation is steatite. The stator in the split stator models is supported at both ends. 

Capacity 
Minimum 
Capacity Length Air Gap 

Peak 
Voltage 

No. of 
Plates 

Catalog 
Symbol 

SINGLE STATOR MODELS 

50 Mmf. 10 3" .077" 3000v. 7 TMC-50 
100 13 ei" .077" 3000v. 13 TMC-100 
150 17 st%" .077" 3000v. 21 TMC-150 
250 23 6" .077" 3000v. 32 TMC-250 
300 25 diU" .077" 3000v. 39 TMC-300 

DOUBLE STATOR MODELS 

50-50 Mmf. 9-9 4fse .077" 3000v. l 7-7 TMC-50D 
100-100 11-11 Md." .077" 

1 
3000v. 13-13 TMC-1 000 

400-200 18 5-18.5 9" 077" 3C0r,• I 95 25 I TMC-200D 
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POPULAR   COMPONENTS 
TYPE MAT 

A larger and sturdier model of the TMK 
condenser. The frame is extremely rigid, 
with mounting feet a part of the end 
plates. Heavy steatite insulation. 

The solid aluminum tie bar across the 
top of the condenser acts as a mount-
ing for AR 18 series coils in the double 
stator models. 

The double stator models are available 
in either standard end drive ( D series) 
of center-drive ( DG series) with 1/4 " 
dia, shaft extn-- - 1. 

TYPE TMA 
-his is a larger model of the popular TMC. The frame is extrerney rigid and arranged for mounting on panel, chassis or stand-
Yff insulators. The plates are of heavy aluminum with rounded and buffed edges. Insulation is steatite Jocated outside of the 
Foncentrated field. 

Maximum t No. of Catalog 
Capacity 1 CMipnai cmi um y 1 Length I Ai Peak r Gap I Voltage I Plates Symbol 

SINGLE STATOR MODELS 

50 Mrd. 13 4"4" ' .177' 6000 v. 9 AMT- 50 
100 20 6"' .17 /' 6000 v. 17 AMT-100 

300 19.5 4916' .077' 3000 v. 23 TMA-300 
50 15 459' .171' 6000 v. 7 TMA- 50A 

100 19.5 6' .171' 6000 v. 15 TMA-100A 
150 22.5 631i' .171' 6000 v. 21 TMA-150A 
230 33 91," .171' 6000 v. 33 TMA-230A 
100 30 9-í,' .265' 9000 v. 23 TMA-100B 
150 40.5 12 ,.,' .265' 9000 v. 33 TMA-150B 
50 21 7 ' .' .359' 12,C00 v. 13 TMA-50C 
100 37.5 12 ,,' .359' 12 COO v. 25 TMA-100C 

75 25 18 , ,, ' .719' 20,000 v. 17 TML-75E 
150 60 10 ,, ' .469' 15 CCO v. 27 TML-150D 
100 45 10,' .469' 15 000 v. 19 TML-100D 
50 22 8',,,' .469' 15.000 v. 9 TML-50D 

245 54 18',," .344' 10.000 v. 35 TML-245B 
150 45 13",' .344' 10,000 v. 21 TML-150B 
100 32 10",..' .344' 10,C00 v. 15 TML-100B 
75 23.5 8.,,' .344' 10,000 v. 11 TML-758 

500 55 18'1,,' .219' 7,5C0 v. 49 TML-500A 
350 45 13',' .219' 7,500 v. 33 TML-350A 
250 35 10 ,5 ,,,' .219' 7,500 v. 25 TML-250A 

DOUBLE STATOR MODELS D- End drive DG - Center drive 

50 50 13 -13 9:: >• .177' 6000 v. 18 AMT-50D 
100 100 20- -20 13",' .177' 6000 v. 34 AMT-100D 
50--50 13-13 9,:,•• .177' 6000 v. 18 AMT-50DG 

100-100 20-20 13''..' .177' 6000 v. 34 AMT-100DG 

200-200 15-15 6' .077' 3000 v. 16--16 TMA-200D 
180-180 10.10 12 3 .' .140' 4000 v. 24- 24 TMA-180D 
50 - 50 12.5-12.5 6%' .155' 6000 v. 8 -8 TMA-50DA 

100-100 17-17 9'Lr.' .155' 6000 v. 14 ,14 TMA-100DA 
60-60 19.5-19.5 12' -.," .249' 9000 v. 15 - 15 TMA-60DB 
40-40 18-18 12 7,;' .343' 12 000 v. 11-11 TMA-40DC 

30-30 12--12 18'1,' .719' 20,000 v. 7-7 TML-30DE 
60-60 26--26 18' v,' .469' 15,000 v. 11-11 TML-60DD 
100-100 27-27 18',,' .344' 10,000 v. 15--15 TML-100DB 
60-60 20-20 13'...,' .344' 10,000 v. 9-9 TML-60138 
200-200 30 .30 10 ,,,,' .219' 7,500 v. 21-21 TML-200DA 
100-100 17-17 10',,,' .219' 7,500 v. 11-11 TML-100DA 

TYPE LINT 
\ heavy duty transmitting condenser that completely eliminates troublesome closed loops, vastly simplifying the problem 
)f unwanted harmonics. The rotor shaft is completely insulated ' rom the end plates. Long leakage path ( higher safety factor). 
'lates and parts are extra heavy with highly polished rounded edges to prevent flash- over. Adjustable stator plate mounting 
ind end bearings. Available in single- stator, double- stator, or double-stator right angle center drive models. Same capacities 
ind prices as National TML Condenser. 

TYPE TAIL 

is a heavy • • ughout. The 
frame structure jrujged a!urnirum cast-

ings with durai tie bars) and precision 
bearings assure permanent rotor wian-
rnenl. All plates are extra thick víth 
rounded and po'i-hed edges. This, plus 
specially treated steatite insulators and 
a husky self-cleaning rotor contact, pro-
vides high flashover, current and volt-
age ratings. 
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POPULAR COMPONENTS 

PRECISION CONDENSERS 

Originally developed for the famous HRO and NC- I00 
receivers, National PW and NPW condensers and drive units 
are well known to professional and amateur radio men 
throughout the world. Sturdily constructed of the finest 
materials and carefully adjusted by skilled hands, they have 
become " standard specifications" for applications requiring 
smooth, precise control and high re-set accuracy. 

The Micrometer Dial reads direct to one part in 500. Division 
lines are approximately 1/4" apart. The drive, at the mid-point 
of the rotor, is through an enclosed preloaded worm gear 
with 20 to 1 ratio. Each rotor is individually insulated from the 
frame, and each has its own individual rotor contact. Stator 
insulation is steatite. Plate shape is straight-line frequency 
when the frequency range is 2:1. 

PW Condensers are availab'e in I, 2, 3 or 4 sections, in 
either 160 or 225 mmf per section. Larger capacities cannot 
be supplied. 

PW-I R Single secticn right 

PW-IL Single section left 

PW-2R Double section right 

PW-2L Double section left 

PW-25 Single section each side 

PW-3R Double section right: single left 

PW-3L Double section left; single right 

PW-4 Double section each side 
NPW-3 Three sections, each 225 mmf. 
Similar to PW models, except that rotor shaft is perpendicu-
lar to panel. 

NPW-0 
Uses parts similar to the NPW condenser. Drive shaft per-
pendicular to panel. One TX-9 coupling supplied. 
PW-0 
U3es parts similar to the PW condenser. Drive shaft parallel 
to panel. Two TX-9 couplings supplied. 

PW-D 

The Micrometer Dial used on the condensers and drives above is available separately. It revolves ten times in covering the 

complete range and as there is no gear reduction unit furnished, the driven shaft will revolve ten times, also. The PW-D 

dial fits a shaft 5/1.5" in diameter. 

MULTI-BAND TANK ASSEMBLIES 

The unique MB- I50 Multi- Band Tank tunes all amateur bands from 80 through 10 meters with 180° rotation of the shaft; the 

coils are never changed. The unit is built around a circuit which tunes to two harmonically unrelated frequencies at the same 

time. Thus, it becomes possible to cover a wide frequency range and yet maintain a reasonably constant L/C ratio. 3" wide 

x 81/4" high (including the GS- 10 standoffs) x 9" long overall including the 1/4 " dia, shaft and output terminals. 

M8-401-
Features of the MB- I50: 

For use as the all- band plate tank in push-pull or 
single-ended stages running up to I50-watts input ( 1500 
volts peak). It is ideal for a pair of 807s or 809s or 
a single 829B. 

Separate link coupling coil has special clips which ad-
just to match impedances up to 600 ohms directly. 
Output couples into a higher powered amplifier, an 
antenna or an antenna tuning network. 

Fast band changing is accomplished without handling 
coils, thus removing one of the danger points in the 
amateur station. 

MB 40L LOW-POWER MULTI-BAND TANK 

Same principle as the famous M B-150. Logical application 
as grid circuit for tubes having MB- I50 in plate circuit. 
Will handle 40 waft; input if lll eo oaded 

M8-150 
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MEASUREMENT 

or. 

Model 84.TV, with its high voltage 

output and low VSWR, fills the 
need for a reliable signal source 

for the UHF television band. Built 

to Measurements strict standards of 

accuracy and precision, this new in-

strument is ideally suited to making 
a variety of Electronic measure-

ments. 

M ANUF ACT URERS OF 

Standard Signal Generators 

Pulse Generators 

FM Signal Genet iitOrS 

Square Wave Generators 

TV Standard Signal Generators 

Vacuum Tube Voltmeters 

UHF Radio Noise & Field 
Strength Meters 

Megacycle Meters 

Intermodulation Meters 

TV 8. FM Test Equipment 

-z 

Leader in Electronic Measuring Instruments 

MODEL 84 Signal Generator-TsVUHFTELEVISION 
Standard  

300-1000 Mc. 

SPECIFICATIONS 

FREQUENCY RANGE: 300-1000 megacycles. 

OUTPUT. .1 Microvolt to 1 Volt, across 50 Ohms. 

OUTPUT IMPEDANCE: 50 Ohms coaxial. 

MODULATION: Internal 400 cycle, continuously 
variable from 0 to 30 %. Provision for ex-

ternal modulation of 50 to 20,000 cycles. 

LEAKAGE: Negligible. 

SIZE: Overall Dimensions: 11 3/4 inches high, 19 
inches wide, 11 inches deep. 

WEIGHT: Approximately 40 pounds. 

POWER, 115 volts, 60 cycles, 120 watts. 

MEGACYCLE 

METER 
Model 59 

FREQUENCY RANGE 

2.2 Mc. to 400 Mc. 

Measurements' Megacycle 
Meter, while often imitated, 
remains the choice of those 

who put accuracy first. This 
versatile instrument deter-

mines the resonant frequen-

cy of tuned circuits, anten-
nas, and transmission lines. 

It measures capacitance, in-
ductance, relative " 0 — and 

has many other applications. 

FEATURES: 

•Compact oscillator unit for 
coupling to circuits in small 

spaces. 

•Individually calibrated, 
direct reading frequency 

dial; accurate to 2%. 

•Internal modulation. 

•May be battery operated. 

Descriptive literature sent upon request 

MEASUREMENTS CORPORATION 
BOONTON NEW JERSEY 





another engineering advance 
foto-etched circuits 

"Foto-Etched" circuits are a new Hallicrafters devel-
opment that, for the first time, bring true one oper-

ation soldering to a complete circuit. The result is 
a set produced at less cost—a set that is lighter—yet 
uniformly perfect. Here's how " Foto-Etching" cir-
cuits are accomplished. 

1. First a sheet of bakelite and a sheet of copper 
are bonded together under high heat and pres-

sure. 

2. Next a photographic emulsion is applied to the 

copper side of the sheet. 

3. A negative of the circuit is then placed over this, 
and then exposed to light, just as in making a 
photographic print. 

hallicrafters 
4. When developed the unwanted copper is etched 

away by acid—leaving only the circuit lines. 

5. Holes are then punched to accommodate tube 
sockets, leads to small parts, etc. 

6. When all the parts are on the sheet, the entire 
assembly is dipped in a non-corrosive cleaner. 

7. And then, in one fast, single operation, it is 
dipped in molten solder and all connections are 
soldered at once! 

In use only in the clock radio illustrated at present, 
here, nonetheless, is the type of engineering think-
ing that makes Hallicrafters radios and communica-
tions equipment the best buys, dollar for dollar, 
and the finest performing instruments in the world. 
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hallicrafters model SX-73 
the finest in versatility— 

Here, from Hallicrafters world-famous short wave 

laboratories is a superb new communications re-

ceiver—the SX-73, proud successor to so many 

famous top-quality Hallicrafters receivers. Abso-

lutely without equal in its combination of rugged-

ness, sensitivity, stability, selectivity, resetability, 

and image and i-f rejection. Based on an original 

design developed by Hallicrafters for the armed 

forces for universal use all over the world, this new 

receiver will surpass all others in versatility, de-

pendability, performance and value. 

Performance: Continuous frequency coverage 

540 kc to 54.0 Mc. Two r-f, two i-f stages. Dual 
conversion above 7 Mc; second beat oscillator is 

crystal controlled. Choice of six pretuned crystal 

controlled channels in range 1.5 to 30 Mc. Single 

tuning knob turns main and bandspread dials (6 to 

1 ratio between the two); 50 to 1 tuning ratio. Re-

setability accurate to within 30 cycles per mega-

cycle. Selectivity variable 14.5 kc to 300 cycles at 

6 db down. Sensitivity less than 2 microvolts for .5 

watts output. Signal to noise ratio 10 db for 2 mv 

input. Image rejection 80 to 120 db. I-f rejection 

not less than 60 db. AVC circuit will hold up to one 

volt without overload. Series type noise limiter. 

Carrier level meter. Audio response plus or minus 

11'2 db from 300 to 3500 cycles. 

Controls: Tuning knob with dial lock; Band Selec-

tor 540-1350 kc, 1.35-3.45 Mc, 3.45-7.00 Mc, 7.00-

14.4 Mc, 14.4-29-7 Mc, 29-7-54.0 Mc; r-f Gain and 

AC on/off BFO Pitch, Xtal Phasing, 6-pos. Xtal Se-
lectivity, 6-pos. Xtal fixed-frequency channel selec-

tor, a-f Gain, Xtal tuning Vernier; Rec./Standby, 

BFO, AVC, and ANL switches; BFO injection con-

trol and carrier meter adj. on rear. 

Physical Data: Two-tone gray steel cabinet with 

satin chrome trim. Piano hinge top. Size 20 in. wide, 
11 in. high, 18'2 in. deep. 

External Connections: Antenna Input 50 to 200 

ohms throughout tuning range. Output 600 and 50 

ohms. For 50/60 cycle current at 75, 105, 117, 130, 
190, 210, 234, or 260 volts. 

17 tubes plus voltage regulator, ballast tube and 

rectifier. 

Model SX-73—Use R-46 Speaker . . $975 00 
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The world's finest receiver for the All-Wave lis-

tener. Unequalled in coverage and performance 

on all wave bands— Standard Broadcast, Short-

Wave or FM. Continuous coverage from 540 kc to 

109 Mc. Having basically the same chassis as a fine 
communications receiver, the SX-62 provides com-

munications- receiver performance in simplified 

form. A single tuning control covers the wide-vision 

dial.Only one band lights up at a time—you always 

know just where you are tuning. In addition a 500 
kc crystal calibration oscillator is built in, enabling 

you to adjust the dial pointer to show the exact 

frequency being tuned at any time. 

Performance: Continuous AM reception 540 kc 
to 109 Mc; FM band 27-109 Mc. Temperature com-

pensated, voltage regulated. Two RF, three IF 

stages; dual IF channels ( 455 kc and 10.7 Mc). 

Audio flat 50-15,000 cycles; 10 watt push-pull out-

put. 

Controls: Band Selector 540-1620 kc. 1.62-4.9 

Mc, 4.9-15 Mc, 15-32 Mc, 27-56 Mc, 54-109 Mc; 
Receive/Standby, Calibration Osc. On/Off, Noise 

allicrafters 
model SX-62 

all-wave high fidelity 

Limiter, Tuning, AF Gain, Phono/FM/AM/CW, six-
position Selectivity, four-position Tone, RF Gain, 

Calibration Reset. 

Physical Data: Satin black steel cabinet with 

satin chrome trim. Top opens on piano hinge. 

Cabinet 20" wide by 10'4" high by 16" deep. 

External Connections: Doublet or single wire 

antenna. 500 and 5000-ohm outputs. Phone jack. 

Phonograph input jack. Socket for external power 

and Remote control connections. 105-125 V. 50/60 

cycle AC line. 

14 Tubes plus Voltage Regulator and Rec-
tifier: Two 6AG5 RF Amps., 7F8 Cony., 6SK7 IF 

Amp., 65G7 IF Amp., 6SG7 IF Amp., 6SG7 FM 

Limiter and AM Det., 6H6 FM Det., 6J5 BFO, 6H6 

ANL, 6SL7 AF Amp., two 6V6 Push- Pull Output, 
6C4 Calibration Osc., VR-150 Regulator, 5U4G 

Rectifier. 

Universal Model SX-62U: Same as above only 

for 115/250 volts, 25/60 cycle AC. 

Model SX62 or SX-62U  $29950 
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hallierafters 
model SX-71 

command performance 

From the Hams at Hallicrafters to Hams everywhere 
cornes this top-performing receiver in the medium 
price class. Extra sensitivity, selectivity, and stabil-

ity, definitely superior image rejection with double 

superheterodyne circuit, plus built-in Narrow Band 
FM reception. Extra wide dials for main and band-

spread tuning. Surpasses in ham performance many 
receivers priced considerably higher. 

Performance: Continuous AM reception from 
538 kc to 34 Mc, and 46 to 56 Mc. Built-in limiter 
and balanced detector stages for hiss-free NBFM 

reception. Double conversion 2075 and 455 kc i-f 
channels) gives image rejection of better than 150 

to 1 at 28 Mc. Temperature compensated, voltage 

regulated. One r-f, two conversion, and 3 i-f stages 

yield high gain for sensitivity of .7 microvolts with 

50 milliwatts output. Audio peaked for communica-

tions frequencies, with 3 watt output. 

Controls: Band Selector 538-1650 Kc, 1600-4800 
kc, 4.6-13.5 Mc, 12.5-34 Mc, 46-56 Mc. Separate 

main and Bandspread tuning controls; bandspread 
dial calibrated for 80, 40, 20, 15, 10, and 6 Meter 

Bands. BFO Pitch 3- position Selectivity, Crystal 

Phasing, Tone, a-f Gain, and r-f Gain controls. ANL, 
BFO, and Receive/Send switches. "S" Meter ad just-

ment on rear. 

Physical Data: Satin black steel cabinet with 
chrome trim. Piano hinge top. Size 18'2 in. wide by 

878 in. high by 12 in. deep. Ship. wt. 33 lbs. 

External Connections: Use doublet or single 

wire antenna. 500 and 3.2 ohm outputs for sepa-

rate speaker. Phone jack. Socket for external 

power supply. Connections for remote control. For 

105-125 volts 50/60 cycle AC. 

11 Tubes plus Voltage Regulator and Rec-
tifier: 6BA6 r-f Amp., 6C4 Osc., 6AU6 Mixer, 

6BE6 2nd Cony., three 6SK7 i-f Amps., 6H6 ANL 

and delayed AVC, 6SC7 BFO and a-f Amp., 6A1.5 

Det., 6K6GT Output, VR-150 Reg., and 5Y3GT Rect. 

Universal Model SX71U: Same as above only 
for 115/250 volts, 25/60 cycle AC. 

Model SX71 or SX71U  $22450 
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Double conversion receiver, double superhet with 

50 kc second i-f and 4-inch " S" Meter. 

Performance: Continuous coverage 538-1580 kc 

and 1.72-32 Mc. Double conversion eliminates im-

ages. 50 kc second i-f gives excellent "skirt" selec-
tivity with " nose" selectivity variable from 5.6 kc 

down to 500 cycles. Temperature compensated, 

voltage regulated. One r-f, two conversion, and 

two i-f stages. 2'2 watts output. 

Controls: Band Selector 538-1580 kc, 1.72-49 Mc, 

4.6-13 Mc, 12-32 Mc; Separate Main and Band-

spread tuning; bandspread calibrated for 80, 40, 

20, 15, 11, 10 meters; five- position Selectivity with 
phono switch built-in; BFO Pitch ; full-range Tone; 

AVC, BFO, ANL, Rec./Standby switches. " S" Meter 

Superior performance. Complete with PM speaker. 

Performance: AM reception 540 kc to 43 Mc. 

Temperature compensated oscillator. One RF and 

two IF stages. Audio response to 10,000 cycles. 

Controls: Band Switch 540-1700 kc, 1700-5300 

kc, 5.3-15.7 Mc, 15.7-43.0 Mc. Main tuning in Mc; 

band-spread dial has arbitrary scale. AF and RF 

Gain controls; AVC, BFO, and Noise Limiter 

switches; three-position Tone, BFO Pitch, and Re-

ceive/Standby controls. 

Physical Data: Satin black steel cabinet. Size 

18'2" wide by 8'8" high by 9'2" deep. Ship. wt. 

32 lbs. 

hallicrafters 
model S-76 

double super-het 

adjustment on rear. 

Physical Data: Satin black steel cabinet with 

plastichrome skirts. Piano hinge top. Size 18'2" 
wide, 8'8" high, 9' 2" deep. Ship.wt.approx.46 lbs. 

External Connections: Use doublet or single 

wire antenna. 500 or 3-2 ohm outputs. Phone lack. 

Phono input jack. Connections for external power 
and remote control. Mounting holes provided for 

coax connector. For 105-125 volts 50/60 cycle AC. 

9 Tubes plus Regulator and Rectifier: 6CB6 

r-f Amp., 6AU6 1st Cony., 6C4 Osc., 6BA6 1st i-f, 

6BE6 2nd Cony., 6BA6 2nd i-f, 6AL5 Det., ANL, 

6SC7 BFO, 6K6GT Output, VR-150 Reg., 5Y3GT 

Rect. 

Model 576—AC $1795° 

hallicrafters 
model S-40B 
ham favorite 

External Connections: Doublet or single wire 

antenna. Phone jack. S-40 uses 105-125 V. 50/60 

cycles AC only. S-77A uses 105-125 V. DC or 

50/60 cycle AC. 

7 Tubes plus Rectifier: in S-40B)6SG7 RF Amp., 
6SA7 Cony., two 651(7 IF Amps., 6H6 ANL and 

AVC, 6SL7 BFO and Det., 6F6G Output, 5Y3GT 

Rectifier. 

Universal Model S-40BU: Some as above only 

for 115/250 volts, 25/60 cycle AC. 

Model S40B   

Model S40BU 

$119 95 
$129 95 
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Unquestionably the finest small communications re-

ceiver built. Several steps better than the S-38C but 

not as good as the S-40B. Complete in itself, with 
built-in PM speaker. 

Performance: Coverage 540-1600 kc, 2.6-31 Mc 

plus 48-54.5 Mc. Two stages IF amplification. 

Controls: Main tuning in Mc; separate band-

spread dial with logging scale plus Mc calibration 
for 48-54.5 Mc band; Receive/Standby switch; 

Band switch 540-1630 kc; 2.5-6.3 Mc, 6.3-16 Mc, 

14-31 Mc, and 48-54.5 Mc; AM/CW; RF Gain, 

Noise Limiter, AF Gain, two-position Tone; Speaker/ 

A compact, easy- to-operate new FM receiver cover-

ing police, fire, taxicab, truck, private telephone, 

railroad, and other industrial frequencies. Espe-

cially suited for civilian defense groups in metro-

politan areas where a reliable, low cost receiver is 

required to hear industrial and emergency-service 

communications. Headphone tip jacks on rear. Built-
in PM speaker. 

Performance: Newly designed FM chassis pro-

vides low frequency drift and high signal-to-noise 

ratio. Regular model S-81 covers VHF FM frequen-

cies 152 to 173 Mc; low- band model S-82 covers 
H/F FM frequencies 30 to 50 Mc. Two i-f stages for 

extra sensitivity to pull in weak stations. 

hallicrafters 
model S-53A 

top performance 

—small size 

Phones switch on rear. 

Physical Data: Satin black steel cabinet with 

chrome trim. Top opens on piano hinge. Size 12?s" 
wide by 7" high by 73 " deep. Ship. wt. 19 lbs. 

External Connections: Doublet or single wire 

antenna. Phone tip jacks. Phonograph input jack. 

105-125 V. 50/60 cycle AC line. 

7 Tubes plus Rectifier: 6C4 Osc., 6BA6 Mixer, 

two 6BA6 IF Amps., 6H6 Det., AVC and ANL, 6SC7 

BFO and AF Amp., 6K6GT Output, 5Y3GT Rectifier. 

Model S 53-A   '89 95 

hallicrafters 
emergency 

frequency— FM 

Physical Data: Steel cabinet in black wrinkle 

enamel finish. Size 1278" wide, 7" high, 71," deep. 

Ship. wt. approximately 14 lbs. 

External Connections: Use single wire or twin-

lead antenna. Tip jack for headphones on rear. 

105-125 V. DC or 50/60 cycle AC. 

6 Tubes plus Rectifier: 12AT7 Osc. Mixer, two 

12BA6 IF Amps., 12AL5 FN, Det., 12SQ7 1st Audio, 

50L6 Power Output. Selenium Rectifier. 

Model S-81 Covers VHF FM 152-173 Mc S49 5 

Model S-82 Covers HF FM 30-50 Mc S49 5 
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allierafters 
model R-46 

communications speaker 

Matching 10" PM speaker for use with Hallicrafters 

Communications receiver SX-71, SX-73, SX-62, or 

S-76. 80 to 5,000 cycle range. Matching trans-

former with 500/600-ohm input. Speaker voice 

coil Impedance, 3.2 ohms. 

hallicrafters 
The lowest priced communications receiver on the 

market . . . with many features found in much 

higher priced sets. Standard Broadcast plus three 

Short-Wave bands. Built-in PM speaker. 

Performance: Continuous AM reception 540 kc 

to 32 Mc. Maximum sensitivity and selectivity from 

expertly engineered chassis. 

Controls: Main Tuning in MC; separate electrical 

bandspread dial with arbitrary scale; Speaker/ 

Phones, AM/CW switches; Band Switch 540-1650 

kc, 1.65-5 Mc, 5-14.5 Mc, 13.5-32 Mc; AF Gain, 
Receive/Standby. 

Physical Data: Steel cabinet in gray hammer-

Black steel cabinet matches SX-71 and other 

Hallicrafters cabinets. Cloth covered metal grill. 

15" x 107s" x 1078" deep. Ship. wt. 17 pounds. 

Model R-46 Speaker   

famous S- 38C— 

biggest buy in SW 

$1995 

tone finish. Size 12?e" wide by 7" high by 7?-4" 

deep. Ship. wt. 14 lbs. 

External Connections: Doublet or single wire 

antenna. Phone tip ¡ acks. 105-125 V. DC or 50/60 

cycle AC. 

4 Tubes plus Rectifier: 12SA7, Cony., 12SK7 IF 

Amp. and BFO, 125Q7 Det. and AVC, 50L6GT 
Output, 35Z5GT Rectifier. 

220 - Volt Line Cord: Available separately. 

Works for AC or DC. 

Model S-38C 

Line Cord for 220 V. Operation . 

 $49 50 

'2 00 

27 



hallicrafters 
model HT-20 

AM-CW transmitter 

This new Hallicrafters 100 watt AM-CW Transmitter 

is the modern successor to the HT-9 known through-

out the world for reliability, ruggedness, flexibility 

and lowest cost for maximum dependable watts 

per dollars. 

Performance:T.V.I. proofed—completely shielded 

and filtered rf compartment plus built-in low-pass 

52 ohm coaxial line output filter provides 90 db 

or greater suppression of all frequencies higher 

than 40 Mc. 100 watt AM phone output. 

Components: Heavy duty commercial type power 

and modulation transformers. All parts rated for 

commercial service conditions. 

Frequency Coverage: Continuous coverage 

from 1.79 to 30 Mc. 

Controls: Full band switching. No plug-in coils— 

choice of 10 crystals—all controls on front panel. 

Tubes: Seven rf and audio tubes plus 5 rectifiers. 

Physical Data: Cabinet size-20 inches long, 12'2 

inches high, 1714 inches deep—panel size for rack 

mounting- 19x1012 inches. Shipping wt. 130 lbs. 

For 105-125 V. 60 cycle. 

Model HT-20 Transmitter . . $44950 
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A new radiation-proof FM/AM chassis to meet the 

popular demand for a medium-priced unit with top 

performance characteristics, offers automatic fre-

quency control assuring clearest possible reception 

of FM stations by eliminating the human error in 

tuning; as the station is approached, this circuit 

"takes over" electronically, and holds the station 

in perfect tune. Radiation-proofing is especially im-

portant in that normal oscillator radiation from 

many ordinary FM receivers has been severely criti-

cized by the F.C.C. for interfering with VHF aircraft 

navigational aids. The new S-78A reduces this radi-

ation by extensive shielding and filtering. 

Performance and Controls: Covers standard 

Designed for the person who wants better than 

average operation and for the Radio Amateur. 

Performance: Regular Model S-72 covers stand-

ard broadcast and three short-wave bands 540 kc 

to 30 Mc continuously. Long-Wave Model S-72L 

covers airways ranges and towers and marine bea-
cons 175-420 kc, plus Broadcast and 2 short-wave 

bands 540 kc to 12.5 Mc. One stage tuned r-f am-

plification ; separate electrical bandspread tuning. 
Two built-in antennas— loop for broadcast and 61-

inch telescoping whip for short-wave. Overall sensi-

tivity 1.8 microvolts at 30 Mc, ranging to 6 micro-

volts at 1.7 Mc. 

Controls: Band Selector, r-f Gain, AVC, BFO, a-f 

Gain, Main tuning, Bandspread tuning. 

Physical Data: Luggage-type cabinet in brown 

hallierafters 
radiation proofed 

FM/AM tuner 

broadcast band 540-1700 kc and FM 88-108 Mc. 

One tuned r- f, two i-f stages. Audio response 50 to 

14,000 cycles. 7 watt Push- Pull Output. Full Range 

Tone Control, Band Switch, Volume and Tuning. 

Physical Data: Size overall 12'2" wide, Pa" 

high, 11" deep. Tuning knobs and escutcheon fur-
nished. Ship. wt. approximately 25 lbs. 

External Connections: Phonograph input Jack. 

Four antenna terminals—two for AM and two for 

FM. 500 and 3.2 ohm outputs for separate speaker. 

For 105-125 volts 50/60 cycle AC only. 

10 Tubes plus Rectifier: 

Model S78A  $89 50 

hallierafters 
3-way portable 

leatherette. Space inside for phones. Size 14" 

wide, 12'4" high, 71,à" deep. Ship. wt. 16 lbs., less 

battery pack. 

External Connections: Phone jack. Antenna ter-

minals if needed. 105-125 V. DC or 50/60 cycle 

AC line. Battery power 100 ma. at 7.5 V. and 30 

ma. at 90 V. Takes RCA VS018, Burgess G6M60, 

General 6CB6F65 and similar packs; life 50 to 100 

hours. 

8 Tubes plus Rectifier: 1T4 r-f Amp., 1R5 Osc., 

1U4 Mixer, two 1U4 i-f Amps., 1U5 Det. and a-f 

Amp., 1U5 BFO, 3V4 Output, long- life selenium 

rectifier. 

Model 572 

Model S72L 

  $109 95 

  $119 95 
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This AM/FM Super-Fidelity unit carries the UL seal 

of approval and meets the F.C.C. specifications on 

oscillator radiation. Phono inputs, built-in pre-amp., 

accessory inputs for TV, tape recorders, etc. Dual 

outputs; medium and low impedance, tone controls; 

bass 12 db, treble 12 db. 

Accessory power sockets dual at 200 watt 117 
volts each. Tubes 6CB6 FM r-f amplifier, 12AT7 FM 

osc. converter, 6CD6 AM r-f amplifier, 6BE6 AM 
osc. converter, 6BA6 1st i-f amplifier 10.7 Mc, 68,46 

The perfect mate for any AM/FM tuner. Exclusive 

output transformer giving widest range ever pro-

duced. Frequency range, 10 to 100,000 cycles per 

second at 10 watts (with perfect uniformity) and 

harmonic distortion of less than 0.25% at 10 watt 

level. Power output of 15 watts maximum. 
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hallierafters 
model ST-83 

finest hi-fi FM/AM 

tuner 

2nd i-f amplifier 455 kc and 10.7 Mc, 6BA6 3rd i-f 

amplifier, 6AL5 FM detector, 6AV6 AM detector 

and phono pre-amplifier, 6C4 cathode follower, 

12AU7 audio tone control amplifier, 6X5 rectifier. 

Black steel with silver finish trim and chrome lite 

base. 14" x 171,2" x 9!2" deep. Ship. wt. 18 lbs. Ten 
tubes plus rectifier. 

For 105/125 V. 50/60 cycle AC . S129 95 

hallicrafters 
model A-84 

widest range 

hi-fi amplifier 

Mineral oil impregnated coupling condensers, 
power supply input condenser oil filled. 

Chrome lite chassis base. 13'2" x 75é" x 1312" 
deep. Ship. wt. 26 lbs. All five tubes triode. 

For 105/125 V. 50/60 cycle AC . .$9950 



allicrafters 
The Littlefone series of equipment are FM two-way 

radio telephone units operating at 25-50 Mc or 

152-174 Mc. Both the receiver and transmitter are 
crystal controlled and a total of 22 sub- miniature 

tubes are used. The complete portable model with 
antenna and telephone hand-set weighs only four-

teen pounds and will operate for more than eight 

hours on the self-contained rechargeable storage 

batteries. Models for AC power line and 6/12 volts 

littlefone— portable 
radio-telephone 

DC operation employ the same rf chassis as the 

portable units but an audio power output stage is 
added to drive the loud speaker. Adjustable squelch 

controls are available on all models. Power outputs 

2 watts on 25-50 Mc and 1 watt on 152-173 Mc. 
Lower powered dry battery models also available. 

Hand Carry. from $32495 to $39995 
plus $ 17.12 F. E. T. plus $ 21.93 F. E. T. 

Central Station... Same performance and speci-

fications as Hand Carry unit. Audio-amplifier, pro-
viding one watt of audio for loud speaker. AC 

operated with power consumption of 35 watts. 

Plugs in any AC outlet of 117 V. Hallicrafters S-81 

receivers may be used as extra stationary stations. 

Central Station  $48500 
Plus $ 23.00 F. E. T. 
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hallierafters 
finest SW and broadcast 

portable mude 

The Hallicrafters "World-Wide," Model TW-1000, 
the finest short-wave and broadcast portable radio 

made. Superior Standard Broadcast covers 535-

1620 kc plus seven other bands covering 1.7-3.9, 
3.8-8.2, 9.2-10.4, 11.4-12.4, 14.6-15.7, and 17.3-
18.3 Mcs, plus special marine weather band. 

Sleek metal trim on smart leatherette cabinet. 

Full-view, easy to tune, overseas dial—a Hallicraft-
ers exclusive. World-wide short-wave radio map 

tells you what's on the air. Red indicator for easy 
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band identification. 

Three antennas for maximum performance—built-
in loop, 64" telescope "whip" antenna, and remov-

able " Skyrider" that fastens to car, railroad or 

airplane windows — lets the "World-Wide" play 

anywhere. Simplified controls include Dynamic Tur-

ret Tuner for accurate band selection. Five tubes 
plus rectifier. 105-125 V. AC or DC or battery. 

Model TW-1000 $149 95 1 



*1_ 

Hallicrafters plants,four of them,are the most mod-
ern in the entire field of electronics. Here skilled 

craftsmen on modern assembly lines produce the 
Hallicrafters equipment that is known for highest 
quality in 89 countries— that is first choice of 33 

hallicrafters 
the people 

Companies are only as good as the people that 

work for them. Hallicrafters has, for years, been 
fortunate in the people that have made the com-
pany great, and have kept it that way. One thing 
makes them unusual—they bring an attitude and 

an interest to their lobs that other men reserve for 
their hobbies. Hallicrafters men are hams at heart 
—and most of them are hams by license. Here's 
what Bill Halligan, Senior, says about his job: R. W. Durst 

Executive Vice- President 

the plants 

governments— that is by long odds the overwhelm-
ing choice of all of our own armed services. And, 
most exacting test of all, Hallicrafters is the choice 
of the most critical expert in the world— the Amer-

ican ham operator. 

"The radio ham market," expounds Bill Halligan, 
"today is the most challenging and the most thrill-
ing in all radio. The ham is never fooled by expen-
sive cabinets— he wants every nickel's worth of per-
formance in the chassis. And he wants the absolute 
latest in circuit design. If your set is good, he'll 
praise it to other hams over the air; if it is not, he'll 
be even more vociferous in warning them away 
from it. In working with him and pioneering equip-
ment for him, we feel we are building a back-
ground for future developments." 

W. J. Hall;gan 
President 

W. J. hlal;gan, Jr. 

Communications Sales Manager 

R. J. Sherwood 
Vice- President I n Charge of Soles 

Harold *die-
Director of Eng,neering 

Fritz Franke 
Ass't Commun,cations Sales Mgr. 
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hallierafters 
For Years the Overwhelming Favorite with the World's 

Most Discriminating Expert— The American Amateur . 

For Years the Producer of More Radio Communications 

For the Armed Services 

than All Other Manufacturers Combined ... 

Now Brings You 

Here is television only Hallicrafters could produce. Over nineteen years of deal-

ing with high frequency circuitry have provided the experience, the know-how 

that has gone into these television instruments. Here is a new concept of picture 

clarity— a new depth and accuracy of sound — and of course, as with every 

Hallicrafter, there is a minimum of drift, interference— a maximum of power 

and distance devouring performance. 

This is Hallicrafters television— sets so superior, so dependable, that they 

are guaranteed for a full year. See a Hallicrafters — you'll see a difference 

that you'll appreciate— at a price that you'll appreciate. 

ZaMer 

hallicrafters 
World Leader in Precision Communications Equipment 
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CAPACITORS 

Er (fabricated plate) and 
other dr) electrol, 
Plascap R plantie tubular, 
ceramic trimmer.. disc 
ceramics 

CONTROLS 
Midgetrol ,< single and dual 
concentric earl mutrols, 
wire wound controls 

POWER RHEOSTATS 

50 to 500 Watt 

RECTIFIERS 
Nlagnesium emitter sulfide 
and selenium rectifier 
stacks. rectifier 110.11' 

SU ', plies 

RESISTORS 
FiN ell arid adjustable 
vitreous enamel I. pea 

SWITCHES 
Circuit selector anti 

itcht to, 
jack,. and plugs 

VARIABLE 
INDUCTANCE 
TUNERS 

VIBRATORS 
Vibrators and % ihra-
pack.” 111101F aUjuillire 

Make Sure.. • 
Make It mALLoR 
You can count on Mallory Approved Precisiren, 

Products for long. It-Ind-Ay- free performance. 

They are backed bv years of skilled design and 

manufacturing experience. 

Mallory also offers you a wealth of helpful, up-to-date 

literature and advice on our technical problems. 

Call on your Mallory distributor whenever you 

need parts or information. Ile is ready to serve you. 

MALLORY 
SERVING INDUSTRY WITH THESE PRODUCTS: 

Electromechanical • Rrs/.store, Switche,. Tele: 1,loa Tuner,,,Vibrator I 
Electrochemical • Capaettor,. 1?ectillers, Mercury Dry Hatteru. 

M , sp, T jal Metal..., Welding Material 

PâtâRALieRt7;117e"";, iii4;1141MANAPoltet 6, spitHANA 

35 



JIge, NU,IAA 
MALDEN • MASSACHUSETTS 

SECONDARY FREQUENCY 

STANDARD 

A precision frequency stondord for both laboratory 
and production uses, adiustoble out t, provided at 
intervals of TO, 2$, 100 and 1 c, with mag-
nitude useful to 50 mc. Hor amplifier with 
tuned plate circuit and p nge switch. 800 
cycle modulator with po trol switch. In addi-
tion to oscillators, m chars, modulators and 
amplifiers, a built-i etor with phone lack and 
gain control is in \it"'fated. Self•contained power 
supply. 

Model 90505, SL tubes  

ABSORPTION WAVEMETERS 

The 906C() cl ob.orpricri woveinote-r, uro 
available in several styles and many different 
ranges. Most popular is kit of four units, covering 
range of 3.0 to 140 mc. 

Model 90600  

GRID DIP METER 

The No. 90651 MILLEN GRID DIP METER is compact 
and completely self contained. The AC power 
supply is of the "transformer" type. The drum dial 
has seven catibroted uniform length scales from 1.5 
MC to 300 MC with generous over laps plus an 
arbitrary scale for use with special application in-
ductors. Internal terminal strip permits battery 
operation for antenno measurement. 

No. 90651, with tube  

Additional Inductors for Lower Frequencies 

No. 46702-925 to 2000 KC  S 
No. 46703-500 to 1050 KC  
No. 46704-325 to 600 KC  
No 46705 — 220 to 150 KC  

LABORATORY SY NCHROSCOPES 

The 5" laboratory rynchroscop, ore available 
with and without detector-video strips. 

Model P-4-2, with tubes  $ 
Model P- 4E-2, with tubes   

MINIATURE SYNCHR °SCOPE 

The compact design of the No. 90952, measuring 
only 7Vz" x Ws" x 13", and weighing only 17 
lbs., makes available for the first time a truly 
DESIGNED FOR APPLICATION "field service" 
Synchroscope. 

No. 90952, with tubes  S 

CATHODE RAY OSCILLOSCOPES 

The No. 90902, No. 90903 and No. 90905 Rack 
Panel Oscilloscopes, for two, three and five inch 
tubes, respectively, are inexpensive basic units 
comprising power supply, brilliancy and center-
ing controls, safety features, magnetic shielding, 
switches, etc. As a transmitter monitor, no addi-
tional equipment or accessories are required. The 
well-known trapezoidal monitoring patterns are 
secured by feeding modulated carrier voltage 
from a pickup loop directly to vertical plates of 
the cathode ray tube and audio modulating volt-
age to horizontal plates. By the addition of such 
units os sweeps, pulse generators, amplifiers, 
servo sweeps, etc., all of which can be con-
veniently and neatly constructed on companion 
rack panels, the original basic 'scope unit may be 
expanded to serve any conceivable industrial or 
laboratory application. 

No. 9C902, less tubes  
No. 90903, less tubes  
No 9^905 ' o tub.  

'SCOPE AMPLIFIER — SWEEP UNIT 

Vertical and horizontal amplifiers ale. hard-
tube, saw tooth sweep generator. Co,p'ete with 
power supply mounted on o standard 51/4 " rack 
panel. 

No. 90921, with tubes  

REGULATED POWER SPLIES 

A compact, uncosed, regulcs,tower supply, 
either for table use in th AFQ Wary or for in-
corporation os an integ art of larger equip-
ments. 50 watts, withgtated voltage from 0 
to 200 volts. 

Model 90201, le es  
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INSTRUMENT DIALS 

The No, 10030 is an extremely sturdy instrument 
type indicator. Control shaft has 1 to 1 ratio. 
Veeder type counter Is cured reading in 99 revo-
lutions and vernier scale permits readings to 1 part 
in 100 of a single revolution. Has built-in dial lock 
and 'lu"  shaft coupling. May be used with 
multi•revolution transmitter controls, etc., or through 
gear reduction mechanism fur control of fractional 
revolution capacitors, etc., in receivers or laboratory 
instruments. 

The No. 10035 illuminated panel dial has 12 to 1 
ratio; size, 8W' x 61/4 ". Small No. 10039 has 
8 to t ratio; size, 4" x 31/4 ". Both are of compact 
mechanical design, easy to mount and have totally 
self-contained mechanism, thus eliminating bock of 
panel interference. Provision for mounting and 
marking auxiliary controls, such as switches, po. 
tentiometers, etc., provided on the No. 10035. 
Standard finish, either size, flat black art metal. 

No. 10039  
No. 10035  
No. 10030  

DIALS AND KNOBS 
Just a few of the many stock types of smolt dials 
and knobs ore illustrated herewith. 10007 is 11/4 " 
diameter, 10009 is 21/2 " and 10008 is 3W". 
No. 10007   
>lo. 10008  
No. I 0009  
No. 10021   
No. 10065  

PANEL MARKING TRANSFERS 

The panel narking transfers have I. block letters. 
Special solution furnished. Must not be used with 
water. Equally satisfactory on smooth or wrinkle 
finished panels or chassis. Ample supply of every 
popular word or marking required for amateur or 
commercial equipment. 

No. 59001, white letters  

HIGH FREQUENCY SMITTER 

The No. 90810 crystal cl ansmitter provides 
75 watt output ihiaher JI may be obtained by 
the use of forced coo the 20, 10-11, 6 and 
2 metier amateur . Provisions ore mode for 
quirk band ' hit b mewls of the new 48000 
serres high Ire plug-in coil,. 

No. 90610. le) ubes und çr.ltals  $ 

HIGH FREQUENCY RF AMPLIFIER 
A physically small unit capable of o power output 
of 70 to 85 watts on 'phone or 87 to 110 watts 
on C- W on 20, 15, II, 10, 6 or 2 meter amateur 
bands Provirion is mode for quick bond shift by 
means of the new Flo. 48000 serie' VHF plun-in 
coils. The Na. 90811 unit uses either an 829-8 or 
3E29. 
No. 90811 with 10 meter band coils, less 
tube  5 

HIGH VOLTAGE POWER SUPPLY 

The No. 90281 high voltage power supply has a 
c. Output of 700 volts, with maximum current of 
. 50 ma. In addition, a.c. filament power of 6.3 volts 
ut 4 amperes is also available so that this power 
supply is an ideal unit for use with transmitters, such 
as the Millen No. 90800, as well as general lab-
ureter? prrrposes. The power sUPPly uses two No. 
816 redit sers and has a two section pi filler with 
10 henry General Electric chokes and o 2-2-10 
mfd. bank of 1000 volt General Electric P,rartel 
capacitors. The panel is standard VA" x 19" rack 
mounting. 

No. 90281, less tubes  

RF POWER AMPLIFIER 

This 500 watt amplifier muy be used as the basis of 
a high power amateur transmitter or as a means for 
increasing the power output of on existing trans-
mitter. As shipped from the factory, the No. 90881 
RF power amplifier is wired for use with the popular 
RCA or G.E. " 812 - type tubes, but adequate in-
structions are furnished for readjusting for operation 
with such other popular amateur style transmitting 
tubes as Taylor TZ40, Eimac 351, etc. The amplifier 
is of unusually sturdy mechanical construction, on a 
10Vz" relay rack panel. Plua•in inductors are fur-
nished for operation on 10, 20, 40 or 80 meter 
amateur bands. The standard Millen No. 90800 
exciter unit is an ideal driver for the new No. 
90881 RF power amplifier. 

No. 90881, with one set of coils, but less 
tubes  
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04000 and 11000 SERIES 
TRANSMITTING CONDENSERS 
A new member of the "Designed for Appli-
cation" series of transmitting variable air 
capacitors is the 04000 series with peak 
voltage ratings of 3000, 6000, and 9000 
volts. Right angle drive, 1-1 ratio. Adjustable 
drive shaft angle for either vertical or sloping 
panels. Sturdy construction, thick, round-
edged, polished aluminum plates with 13/4" 
radius. Constant impedance, heavy current, 
multiple finger rotor contactor of new de-
sign. Available in all normal capacities. 

The 11000 series has 16 1 ratio center 
drive and fixed angle drive shaft. 

Code Volts Capacity 
1 1035 3000 35 
11050 3000 50 
11070 3000 70 
04050 6000 50 
04060 9000 60 
04100 6000 90 
04200 3000 205 

Price 

12000 and 16000 SERIES 
TRANSMITTING CONDENSERS 
Rigid heavy channeled aluminum end plates. 
Isolantite insulation, polished or plain edges. 
One piece rotor contact spring and connec-
tion lug. Compact, easy to mount with con-
nector lugs in convenient locations. Same 
plate sizes as 11000 series above. 

The 16000 series has some plate sizes as 
04000 series. Also has constant impedance, 
heavy current, multiple finger rotor con-
tactor of new design. Both 12000 and 
16000 series available in single and double 
sections and many capacities and plate 
spacing. 

THE 28000-29000 SERIES 
VARIABLE AIR CAPACITORS 
"Designed for Application," double bear-
ings, steatite end plates, cadmium or silver 
plated brass plates. Single or double section 
.022" or .066" air gap. End plate size: 
19 16" x 11 16". Rotor plate radius: 3/4 ". 
Shaft lock, rear shaft extension, special mount-
ing brackets, etc., to meet your requirements. 
The 28000 series has semi-circular rotor 
plate shape. The 29000 series has approxi-
mately straight frequency line rotor plate 
shape. Prices quoted on request. Many 
stock sizes. 

NEUTRALIZING CAPACITOR 
Designed originally for use in our own No. 
90881 Power Amplifier, the No. 150 I 1 disc 
neutralizing capacitor has such unique fea-
tures as rigid channel frame, horizontal or 
vertical mounting, fine thread over-size lead 
screw with stop to prevent shorting and 
rotor lock. Heavy rounded-edged polished 
aluminum plates are 2" diameter. Glazed 
Steatite insulation. 
No.15011   

I.F. TRANSFORMERS 
The Millen "Designed for Application" line 
of I.F. transformers includes air condenser 
tuned, and permeability tuned types for all 
applications. Standard stock units are for 
456,1600 and 5000 kc.B.F.O.also available. 
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TUBE SOCKETS 
DESIGNEE) FOR APPLICATION 

MODERN SOCKETS for MODERN TUBES! 
Long Flashover path to chassis permits use 
with transmitting tubes, 866 rectifiers, etc. 
Long leakage path between contacts. Con-
tacts are type proven by hundreds of mil-
lions already in government, commercial and 
broadcast service, to be extremely depend-
able. Sockets may be mounted either with or 
without metal flange. Mounts in standard 
size chassis hole. All types have barrier be-
tween contacts and chassis. All but octal and 
crystal sockets also have barriers between 
individual contacts in addition. 

The No. 33888 shield is for use with the 
33008 octal socket. By its use, the electro-
static isolation of the grid and plate circuits 
of single-ended metal tubes can be in-
creased to secure greater stability and gain. 

The 33087 tube clamp is easy to use, easy 
to install, effective In function. Available in 
special sizes for all types of tubes. Single 
hole mounting. Spring steel, cadmium plated. 

Cavity Socket Contact Discs, 33446 are for 
use with the "Lighthouse" ultra high fre-
quency tube. This set consists of three differ-
ent size unhardened beryllium copper multi-
finger contact discs. Heat treating instruc-
tions forwarded with each kit for hardening 
after spinning or forming to frequency re-
quirements. 

Voltage regulator dual contact bayonet 
socket, 33991 black Bakelite insulation and 
33992 with low loss high leakage mica 
filled Bakelite insulation. 

No. 33004  

No. 33005  

No. 33006  

No. 33007  

No. 33008  

No. 33888  

No. 33087  

No. 33002  

No. 33102  

Nu, 33202  

No. 33302  

No. 33446*  

No. 33991   

No. 33992  
for set of 3. Single discs S each. 

RF CHOKES 

Many have copied, few have equalled, and 
none have surpassed the genuine original 
design Millen Designed for Application series 
of midget RF Chokes. The more popular 
styles now in constant production are illus-
trated herewith. Special styles and varia-
tions to meet unusual requirements quickly 
furnished. 

General Specifications: 2.5 mH, 250 mA for 
types 34100, 34101, 34102, 34103, 
34104, and 1 mH, 300 mA for types 34105, 
34106, 34107, 34108, 34109. 

No. 34100  
No. 34101   
No. 34102  
No. 34103  
Na. 34104  
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CERAMIC PLATE OR 
GRID CAPS 

Soldering lug and contact one-piece. Lug ears 
annealed and solder dipped to facilitate 
easy combination "mechanical plus soldered" 
connection of cable. 

No. 36001-9 16"  
No. 36002—%"  
No. 36004— 1/4 "  

SNAP LOCK PLATE CAP 
For Mobile, Industrial and other applications 
where tighter than normal grip with multiple 
finger 360 low resistance contact is re-
quired. Contact self-locking when cap is 
pressed into position. Insulated snap button 
at top releases contact grip for easy re-
moval without damage to tube. 

No. 36011-9 16"  
No. 3601 2 -- Yu"  

SAFETY TERMINAL 
Combination high voltage terminal and thru-
bushing Tapered contact pin fits firmly into 
conical socket providing large area, low 
resistance connection. Pin is swivel mounted 
in cap to prevent twisting of lead wire. 

No. 37001, Black or Red  
No. 37501, Low loss  

TERMINAL STRIP 
A sturdy four-terminal strip of molded black 
Textolite. Barriers between contacts. "Non 
turning" studs, threaded 8 32 each end. 

No. 37104  

POSTS, PLATES and PLUGS 
Designed for Application! Compact, easy to 
use. Made in black and red regular bakelite 
as well as low loss brown mica filled bake-
lite or steatite for R.F. uses. Posts have 
captive head. 
No. 37202 Plates ( pr.)   
No. 37212 Plugs  
No. 37222 Posts ( pr.)   

STEATITE TERMINAL STRIPS 
Terminal and lug are one piece. Lugs are 
Navy turret type and are free floating so 
cs nct to strain steatite during wide tem-
perature variations. Easy to mount with 
series of round holes for integral chassis 
bushings. 

No. 37302  
No. 37303  
No. 37304  
No. 37305  
No. 37306  

MIDGET COIL FORMS 
Made of low loss mica filled brown bakelite. 
Guide funnel makes for easy threading of 
leads through pins. 

No. 45000  
No. 45004  
No. 45005  

TUNABLE COIL FORM 
Standard octal base of low loss mica- filled 
bakelite, polystyrene 1/2" diameter coil 
form, heavy aluminum shield, ir ,Jrt tuning slug 
of high frequency type, suitable for use up 
to 35 mc. Adjusting screw protrudes through 
center hole of standard octal socket. 

No. 74001, with iron core  
No. 7/.002, less iron core  



Midget Absorption Frequency Meters 
Many amateurs and experimenters do not realize that one of 

the most useful "tools" of the commercial transmitter designer 

is a series of very small absorption type frequency meters. 

These handy instruments can be poked into small shield com-

partments, coil cans, corners of chassis, etc., to check har-

monics; parasitics; oscillator- doubler, etc., tank tuning; and a 
host of other such applications. Quickly enables the design 

engineer to find out what is really " going on" in a circuit. 
Types 90605 thru 90609 are extremely small and de-

signed primarily for engineering laboratory use where they 

NEW YORK 
Cooper-DiBlasi 

259 W. 14th Street 

PHILADELPHIA 
L. D. Lowery 

50 E. Wynnewood Rd. 
Wynnewood 

will be handled with reasonable care. The most useful combi-
nation being the group of four under code No. 90600 and 
covering the total range of from 3.0 to 140 megacycles. 
When purchased in sets of four under code No. 90600 a 

convenient carrying and storage case is included. Series 90601 
are slightly larger and very much more rugged. They are 
further protected by a contour fitting transparent polystyrene 
case to protect against damage and dirt. This latter series is 
designed primarily for field use and are not quite as con-
venient for laboratory use as the 90605 thru 90608 types. 
All types have dials directly calibrated in frequency. 

Code Description 

90604 Range 160 to 210 inc. 
90605 Range 3.0 to 10 mc. 
90606 Range 9.0 to 23 mc. 
90607 Ronge 23 to 60 rec. 
90608 Range 50 to 140 inc. 
90609 Range 130 to 170 mc. 
90610 Ronge 105 to 150 inc. 
90619 Range 350 to 1000 kc.—Neon Indicator 
90620 Range 150 to 350 kc.—Neon Indicator 
90625 Range 2 to 6 etc.— Neon Indicator 
90626 Range 5.5 to 15 etc.—Neon Indicator 
90600 Complete set of 90605 thru 90608, in case 
90601 Complete set Field type Frequency Meters in metal carrying case 

1.5 to 40 etc. 

Net Price 

SEATTLE 
V. Jensen 

2616 Second Avenue 

INDIANAPOLIS 
V. MacNabb 

909 E. Westfield Blvd. 

DISTRICT SALES OFFICES 
SAN FRANCISCO 

Moulthrop & Hunter 
228 Ninth St. 

CHICAGO 
G. G. Ryan 

549 W. Washington Blvd. 

BOSTON 
Harry Gerber 

739 Boylston Street 

JAMES MILLEN 
MAIN OFFICE 

DALLAS 
ack Yount 

1431 Pleasant Grove Dr. 

LOS ANGELES 
W. Bert Knight 

10373 W. Pico Blvd. 

KANSAS CITY 
J. O. Schmitz 

34th & Broadway Ayes. 

GREENSBORO, N. C. 
Atcheson & Adams 

P.O. Box 2158 

MINNEAPOLIS 
Elliott Equipment Co 
712 6th Avenue South 

CANADA 
H. R. Gray 

44 Danforth Rood 
Toronto 

MFG. CO., INC. 
AND FACTORY 

150 EXCHANGE ST., MAIDEN, MASSACHUSETTS, U.S.A. 



Where Dependable/ counts-
lise DIMIITE! 

s 

Insure permanently smooth, do 

control. All- ceramic vitreous enam-

eled: 25, 50, 75, 100, 150, 225, 300, 

500, 750, and 1000-watt sizes. 

"RITEOFINI" PRECISION RESISTORS 

once wire is locked in place 
protected by vitreous enamel. 

Stock sizes- 25, 50, 100, 160, and 200 
watts; values 1 to 250,000 ohms. 

"BROWN DEVIL" RESISTORS 

eled resistors for voltage dropping, 

bias units, bleeders, etc. In 5, 10, and 
20- watt sizes; values from 0.4 to 

100,000 ohms. 

it molded, composition resistors— 
each marked with resistance and 
wattage -- 1/2, 1, and 2- watt sizes, 

±10% or -.±.-5% tol. 10 Ohms to 22 

rl ohms. 

Write for 
Stock 

Catalog 

ADJUSTABLE RESiSTOR 
djus 

able to the value needed. Adjustable 

lugs can be attached for multi-tap 
resistors and voltage dividers. Sizes 

10 to 200 watts, to 100,000 ohms. 

Single- layer-wound on low power 

factor cores, with moisture proof 

coating. Seven stock sizes, 3 to 520 
mc. Two units rated 600 ma, others 

ma. 

FIXED 
RESISTORS 

, high- current rotary selec-

or a-c use. All ceramic. Self-
cleaning silver- to- silver contacts. Rat-

ed at 10, 15, 25, 50, and 100 amperes. 

*PRECISION RESISTOR 
-enam-

eled, vacuum- impregnated, or glass-

sealed. Tolerance -±. 1%, in 1/2  and 
1- watt sizes, from 0.1 to 2,000,000 

ohms. 

DUMMY ANTENN 
meted units 

are practically nonreactive within 

their recommended frequency range. 

In 100 and 250-watt sizes, 52 to 600 
ohms, ±-5%. 

OHMITE MANUFACTURING COMPANY 
4822 Flournoy St., Chicago 44, Illinois 

Ve Ze9ite weed Hmon 
RHEOSTATS • RESISTORS • TAP SWITCHES • CHOKES 
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04 ileATHKITS 
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1. Baked Enamel Lifetime Finish Panels 
— Oven baked finishes for maximum dura-
bility and freedom from mars, scratches and 
discoloration. Panels that can really take 
service shop and laboratory abuse. 
2. Save Money — You save all expensive 
factory wiring costs when you build your 
own. And, direct factory to customer sales 
e nate all middle man profits. You can 

have a complete Heathkit laboratory or service limi  shop for what one or two pieces of ready 
built equipnient cost. 
3. Modern Styling — New " fitted panels" 
and fiyrmed cabinets with rounded corners 
prese nt a smart. professional apptaraiscia, resent for prestige. 

4. Quality COM nnnnn ts Used throughout 
— Heathkits use Weil known, time and quality 
tested components such as Simpsoo, ChicâR0 
Transformer, Wilkor, Allen-Bradley, Altec-
Lansing. Centralab, Cinch. Oak, Grigsby-
Allison. Mallory and many others. 
S. Extensive Factory Facilities — Shear-
ing. punching, forming, spot welding. ctc. 
is done right in our own plant — controlled 
pr,duf don for highest quality and less cost 

to you. 6. Extensive and careful engineering — 
A staff of engineers working in a modern, 
well equipped laboratory tarefully develop 
Heathkits according to hig.luaq engineering 
practices. YOU,' assurance of accurate, up to 

the minute instruments. 7. Complete Kits— All the parts arc righs, t 
in the kit — you get all tubes, control 
transformers, meters — everything — no 
other components to buy. And no cutting, 
punching, or painting necessary — it's all 
done for you. Heathkits go together easily 

arid smoothly. 
8. Only Complete Line— Over SO kits 

— Hearbkits form the only com-

se t  . line fif kit-form  test equipment on the 
' Kir, hams, engineers. servicc 'nun. 

,.1 ,1 audio enthusiasts. 
9. D t eailed, Compiete Instruction 
Mr:murals — Comprehensive manuals tun • 
.build your Heathkit. Manual 

ca,v-to-follow instructions, clear, largi 
pictorial', schematic, detail drawings, etc. Thu. 
make construction easy, fun, and educational. 

ROUE INTERNATIONAL CORP 
u • 4.11 ST 

NEW YORK CITY OR) 

(.4111 e 

fheru E Air 3-3 c I•Al P ALM 111 
... BENTON HARBOR 26, MICHIGAN 
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• A HIGH QUALITY Q METER AT LOW COST. 

  0 and in-
duHance of coils. 

Measures 0 and cc-
T . pettily of capacitors. 

• First Ct METER within the 
price range of all. 

• Read O's of 0 - 500 di-
rectly on calibrated scale. 

• Stable oscillator supplies 
R.F. frequencies of 150 kc to 
18 megacycles. 

• Calibrated capacitor with 
range of 40 mmf to 450 minf 
with vernier of 7'13 mmf. 

• Simple, easy operation. 

• Can be used to measure 
small inductances or capaci-
tors. 

• Measures O of conden-
sers, RF resistance and dis-
tributed capacity of coils. 

• Measures capacity by 
substitution, capacity by 
resonance, inductance by 
resonance. 

• Slanted panel for con-
venient operation. 

Slant face cobenet for 
ease en readeng r he 

NEW q‘eatitteet "Q" METER KIT 

$395.° 
MODEL QM- 1 

SNIPPING 
. 1 2 LBS. 

Another outstanding example of progressive HEATH-
KIT engineering. Now a highly desirable Q METER 
within the price range of all laboratories, schools and 
experimenters. No longer is it necessary to deny your-
self the many measurement advantages offered by this instrument. 

Use the new HEATHKIT Q METER for the following simple basic measurements: capacity 
by substitution, capacity by resonance, inductance by resonance and Q at the OPERATING 
frequency all can be read on the calibrated scales. The method used to obtain information re-
garding the Q of condensers, RE resistance, distributed capacity in coils, etc., is only slightly 
more involved. In the HEATHKIT Q METER, the generated RF signal is coupled through a 
cathode follower and injected across a low impedance condenser which is included in the 
resonant circuit under test. Large 41/2 " 50 microampere Simpson meter reads Q directly. The 
resonating condenser and vernier condenser are calibrated in mmf for substitution method 
capacity tests. The resonating condenser is also calibrated in effective capacity for resonance tests. 
The inductance calibration serves for rapid determination of the approximate inductance of a 
coil. The HEATHKIT Q METER has a generator frequency range of 150 kc to 18 megacycles. 
Vernier capacity covers ± 3 mmf and the resonating condenser is calibrated from 40 mmf to 
450 mmf actual capacity or 40 mmf to 350 mmf effective capacity. Meter reads Q directly up to 
250. Higher and lower full scale readings can be obtained by varying the injection voltage levels. 

The entire kit consists of I2AT7, 6A1.5, 6C4, OD3 and 6X5 tubes. 50 microampere Simpson 
meter, power transformer, cabinet and all other parts necessary for construction as well as in-
structions for assembling, testing and operation of the completed instrument. 

• 
• 

1,eeateeit DECADE 
RESISTANCE KIT 

The HEATHKIT 
RESISTANCE KTI v, 
used by schools, experiment-
ers and laboratories because 
of the extremely wide resist-
ance range offered and the 
useful, dependable service 
provided. The DECADE con-
sists of 5 rotary 2 deck ce-
ramic wafer switches with 
silver plated contacts and twenty 
precision resistors in a circuit which 
provides the resistance range of 1 ohm 
to 99,999 ohms in 1 ohm steps. The 
HEATHKIT DECADE RESISTANCE 
KIT is simple to construct and is 
housed in a beautiful polished birch 
cabinet with an attractive panel. The 
DECADE will furnish years of accu-
'rate trouble-free service. 
Individual decade sections of above 

can be purchased separately for special 
applications. 

MODEL DR-1 
SHIPPING 
WT. 4 LBS. 

4 19.50 

Extremely useful in all experi-
mental and design work such as 
determination of condenser 
values for: compensating net-
works, filters, bridge imped-
ances, tuned circuits, etc. Uses all 
precision silver mica condensers 
u ithin -±- 1% accuracy. Values 
run in three decades from 100 MMFD to 
0.111 MFD in steps of 100 MMFD. 
Smooth acting, positive detent, highest 
quality ceramic wafer switches make all 
capacitor values easy to set up and keep 
losses to a minimum. Low loss dielectric 
terminal board mounts on outside of panel 
for easy cleaning. Heathkit binding posts 
accommodate a wide variety of test leads. 
Comes complete with all parts, including 
polished birch cabinet. 
Individual decade sections of above can 

be purchased separately. 

NEW qeeeettet DECADE 
CONDENSER KIT - - 

\41. 
lit 

MODEL DC-1 
SHIPPING 
WT. 4 LBS. 

$ 16 5° 

f••0•1" 

1000 INTERNATIONAL CORP. 
tat. NH Yr. 

NEW YORK CITY (IN) 

CM/ Y., et • 

"Tete  H  E,d111.-1-14 
. . . BENTON HARBOR 26, 

IC CD IlL/1 I m AL Nil Ili 

MICHIGAN 
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N EW Vi‘eaddit OSCILLOSCOPE KIT 
• NEW WIDE BAND VERTICAL AMPLIFIER ± 2 DB 10 CYCLES TO 1 MC. 

Direct plate con. 
nay-hunt for mod. 
'Action tests. 

rum room rm 

eb k. beer 

Good square move 
response at 100 kc. 

• New wider bond vertical 
amplifier -± 2 db from 10 cycles 
to 1 megacycle useful to over 
5 megacycles. 
• High sensitivity in vertical 
amplifier. .025 volts RMS per 
inch deflection. 
• New 3 step input att ..... or 
input ranges XI, X10, X100. 
• New 5CP1 intensifier type 
tube for greater brilliance. 
• Terminal board and rear 
cabinet opening provisions for 
direct connections to deflecting 
plates. 
• Newly styled formed and 
ventilated aluminum cabinet. 
• Wide band sweep generator, 
15 cycles to over 100 kc. Will 
synchronise with 5 megacycle 
signal. 
• 10 tube circuit featuring push 
pull operation of vertical and 
horizontal amplifiers. 
• Internal synchronisation on 
either positive or negative 
peaks. 
• Reproduces faithfully the 
front and back porches of TV 
sync pulses. Excellent square 
wave reproduction to over 
100 kc. 
• Optional Intensifier kit 
available for 2200 volt oper-
ation. 

SHIPPING 

WT. 29 LBS. 

Proudly announcing the new 1953 HEATHKI1 
Model 0.0 OSCILLOSCOPE featuring the finest 
performance ever offered in this extremely popular 
kit instrument. Improved wider band vertical am-
plifier featuring a new 3.step input attenuator 
affording smooth control of the excellent .025 
voln per inch vertical sensitivity. Possibility of 
.werloading the vertical input circuit is minimized. 
Greater band width in the vertical channel is a 
decided advantage to TV service men. Permits clear 
..hservation of all TV sync pulse detail and excellent 
square wave reproduction over 100 he. 5CP1 intensifier type CR tube provides a brilliant trace with nori....' 
accelerating voltages. A handsome, ventilated cabinet with smooth rounded corners and a snug fitting drawn pails 
adds to the smartly styled professional appearance. Longer life is assured through cooler instrument operatic, 
Push pull output stages in both vertical and horizontal amplifiers for balanced deflection of the spot. All of th , 
many fine features of the previous model have been retained. Rear cabinet access to terminal board for dire. t 
connection to CR plates. The entire kit of all 10 tubes, parts, cabinet and panel as well as detailed constructio, 
manual for assembly and operation of the instrument included. 

INTENSIFIER KIT: For extreme trace brilliance in special applications such as photography, group denionstra 
tinos or operation in brightly lighted areas an optional Intensifier kit providing 2200 volt operation of the Cl' 
tube is available. Kir includes high voltage filter condenser, high voltage selenium rectifier, etc. 57.`,0 

q‘egiledie SCOPE DEMODULATOR PROBE KIT 
Trouble shooting or aligning TV, ILF, hl  and vide., stages requires demodu• 
latina of high frequency signals before Oscilloscope observation. The 
HEATHKIT SCOPE DEMODULATOR PROBE KIT was specifically de. 

No. 337 veloped for this application. Kit consists of a probe 
SHIP WT 1 IB. housing, crystal diode detector circuit, shielded cable . .  and spade lugs. Assembly is simple and the probe will O quickly prove its usefulness as an Oscilloscope accesoirs. $4.5 

N E W tee,eteddef 
VOLTAGE CALIBRATOR KIT 

MODEL VC-1 

SHIPPING 
WT. 5 LBS. s9.50 

Use the Heathkit Vidrage Caii• 
brator with your oscilloscope to 

ei measure peak-to- peak TV com-
plex waveshapes. TV manu-
facturer's specifications indicate 
correct peak- to- peak voltages 
and this kit will permit making 
these important measurements. 

A big help to engineers in circuit work. Makes peakdo-peak 
soltage measurements of complex waveshapes of all kinds. Flat 
topped semi-square wave output of calibrator assures fast and easy 
measurement of any voltage between .01 and 100V peak-to- peak. 

The Voltage Calibrator can remain connected to your oscillo-
scope at all times for instant use. -Signal- position connects signal 
under study directly through calibrator and into scope input circuit 
for direct observation. Eliminates transfering leads from calibrator. 
A u onderful scope acces5nr.l. 

ee,a,tddét 
ELECTRONIC SWITCH KIT 

A few dollars spent for this accessory will 
increase the usefulness of a scope im-
measurabls. An electronic switch will 
open up a whole new field of scope ap-
plications for you. The S-2 allows TWO 
SIGNAI.S to be observed at the SAME 
TI NIE — this important feature allows 
you to immediately spot phase shift, clip-
ping, distortion, etc. The two signals un-
der observation can be superimposed or 
separated for individual study. Each sig-
nal input has an individual gain control 
for properly adjusting sope trace pat-
terns. Has both coarse and fine frequency 
controls fie adjusting switching time. 
Multiribrator switching frequency is 
from less than 10 cps to over 2000 cps 
in three overlapping ranges. Kit comes 
complete including 5 tubes, power trans-
former, all controls, instruction manual, 
etc. Every scope owner should have one! 

MODEL S-2 

SHIPPING 
WT. II LBS. 

$19.50 

ROUE INTERNATIONAL (OW 
irreon.sr 
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• NEW 11/2 VOLT RANGE ON 1953 VTVM. 

MODEL V-6 
SHIPPING 
WT., 7 LBS. 

Measures AC 
end Int 

Measures DC 

::\A—Arrie 

Measures Ohms 

• New 1I'z volt low range 
gives over 2" of scale per volt 
instead of less than found 
on 5 volt range type. 

• Increased accuracy due to 
expanded scales. 
• New 1500 volt DC high range 
gives 50°ó greater coverage. 
• Seven ranges in all. it,, 5, 
15, 50, 150, 500 and 1500 volts 
DC ( 1000 volts maximum AC 
only). 

• Provides proper service 
ranges 150 volts for AC DC 
work and 500 volts for AC type 
service. 
• High input impedance, 11 
megohms minimizes circuit 
loading. 
• Variety of   probe 
kits available. 
• 1% precision resistors in 
multiplier circuits. 

• 200 microampere Simpson 
meter. 
• Center scale zero adjust. 

• Transformer operated. 

• Test leads included. 
• New cabinet styling. 
• Large, clearly marked meter 
scales indicate ohms, AC volts,. 
DC volts and DB. 

The 1953 Heathkit V•6 VTVM has improved ranges! The 
lowest range has been moved way down to I.5V full 
scale. This gives 312" of actual scale length for the 1.5V 
covered — that's 2u3 inches per volt!! Now you can 
make your low level measurements faster and with greater 
accuracy. 

And the upper range has been moved up. Readings op 
in I500V DC can be readily made with new, improved 
VTVM—plus readings up to 1000V on AC. Higher ranges 
for extended use. 

New vertical chassis mounting gives added chassis 
space for really easy wiring— no tight corners to worry 
about. Uses only highest quality components throughout. 
Simpson 200 microampere meter movement combined with 1% precision resistors in multiplier circuit insure 
highly accurate and dependable readings. 

AC and DC voltage ranges arc 0- 1.5V-5V- 15V-50V- 150V-500V- 1500V. ( 1000V max. reading on AC) 
— a total of seven ranges for convenient, accurate readings. Instrument also measures resistance from . 1 
ohm to over 1 billion ohms in seven handy ranges of RX I, X10. X100, X1000, X1OK, XI Meg., — all con-
venient multiples of 10 with no skips. Has Db scale in red for easy indentification. 

New panel has tough baked 0» enamel finiA for freedom from scratches and maximum durability. Modern 
styled, formed, compact cabinet with rounded edges and crackle finish is truly handsome. 

Comprehensive, detailed instruction manual with step•by•step instructions, figures, pictorials, etc. mak, 
assembly a cinch. 

Be sure and look over the special accessory VTVM probes below — for added usefulness. 

qeeerecee R. F. eeat-ct 30,000 V. D.C. qe9.4efiee PEAK To PEAK 

SHIP. WT 

ço,:\ROBE KIT 

1 LBS. $5 50 
No. 309 
Extends RF range of 
HEATHKIT II rneg-
ohm vrvm to 250 
megacy cles -±- 10 r,-I . 

PROBE KIT 

SHIP. WT. 
2 LBS. $5 50 

No. 336 • 

Provides DC. multipli-
cation factor of 100 for 
any 11 nu golma ‘'TVM \ 

VOLTAGE PROBE KIT 
SHIP. WT 
2 LBS. $650 

No. 338 • 

Reads on DI . 
/ any 11 megr , 
I VTVM 5 he to 

rm La. , Lle range. 

NEW decieddie" 
BATTERY TESTER KIT 

'Hie new ifeathkit Battery Tester 
measures all types of dry batteries 
between 11/2 volts and 150 volts un-
der actual load conditions. Readings 
are made directly on a three-color 
GOOD-WEAK-REPLACE scale that 
your customers can readily under-
stand. Operation is extremely simple 
and merely requires that the leads be 
connected to the battery under test. 
Only one control to adjust in addition 
to a panel switch for A or B battery 
types. 
The Heathkit Battery Tester fea-

tures compact assembly. An accurate 
meter movement and wire wound 
control mount in the portable, rug-
ged plastic case. 

Use the BT-1 to check portable ra-
dio batteries, hearing aid batteries, 
lantern batteries and photo flash gun 
batteries. 

MODEL BT-1 

SHIPPING 
WT. 3 LBS. 

$75;) 

q‘eeted4ie AC VACUUM TUBE 
VOLTMETER KIT 

A new AC VI VM that makes pos-
sible those sensitive AC measure-
ments required by laboratories, 
audio enthusiasts and experiment-
ers. Ten full scale ranges of .01, 
.03, . 1, .3, 1, 3, 10. 30, 100 and 
300 volts RMS. 10 DB ranges 
from — 52 to + 52 DB. Frequen-
cy response within 1 DB from 20 
cycles to 50 kc. Simpson 200 m,-
croampere meter with large plain-
ly marked meter scales. Precision 
multiplier resistors. Two amplifier 
stages using miniature tubes. A 
unique bridge rectifier meter cir-
cuit and a clean layout of parts. 
Order the AV-2 to-
day and become ac-
quainted with the 
interesting possibili-
ties offered by this 
instrument. 

MODEL AV•2 
SHIPPING 
WT. 5 LBS. 2959 

ROM INTEINATIONAI (HP 
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NEW Viewed/et GRID DIP METER KIT 
Indicates frequency 
of energised circuits. 

Indicates frequency 
of da - one' 
tuned circuits. 

• N.'w GRID DIP METER 
with assembled calibrated 

coils. 
• Uses quality Simpson 500 
microampere meter. 
• One hand operation, ex-
tremely compact. Only 2' a" 

wide by 3" high by 7- long. 
• Variable meter sensitivity 
control. 
• Uses newest type 6AF4 
high frequency triode in a 
Colpitts oscillator circuit. 
• Continuous coverage 
from 2 megacycles to over 
250 megacycles in 6 ranges. 
• Head phone monitoring 
jack. 
• AC power transformer 
operated for maximum 
safety. 

• CONVENIENT ONE HAND OPERATION. 

MODEL GD-1 

SHIPPING 

WT. 4 LBS. 
Complete uni 
held and operated 
with one hand. 

Here is the GRID DIP METER KIT you have 
been asking for. This new HEATHKIT instru-
ment is compact. highly sensitive and easy to 
use. Housed in a handsome formed aluminum 
cabinet—rounded corners—durable oven baked 
finish on panel and cabinet The entire instru-
ment can be easily held and operated in one 
hand, tuning accomplished with the thumb 
wheel drive. This excellent design feature leaves 
the other hand entirely free for making circuit 
adjustments. The instrument with many applications— with oscillator energized, use it for finding 
the resonant frequency of tuned circuits, locating parasitics. determining characteristics of filter cir-
cuits, roughly tuning transmitter stages with power off, and neutralizing transmitters. Useful in TV 
and radio repair work for alignment of traps, filters. IF stages, peaking and compensation networks 
within the 2 to 25(1 megacycle range. With the oscillator not energized, the instrument acts as an 
absorption wave meter and indicates the frequency of radiating power sources. Locates spurious oscil-
lations, as a relative indication of power in various transmitter stages. etc. Phone jack permits moni-
toring of AM transmitter for determination of radiated hum, audio quality. etc. I Head phones not 
included). Complete kit includes plug-in coils, tube, all necessary parts and detailed assembly and 
instruction manual. 

qlesetede.i.e IMPEDANCE 
BRIDGE KIT 

MODEL 18-1B 

SHIPPING 
WT. 15 LBS. 

$695, 
The FIEATHKIT IMPED-
ANCE BRIDGE is especially 
useful in educational training 
programs. industrial laborato-
ries and for experimental work. 
Use it for measuring AC and 
DC resistance value of resistors. 

determination of condenser capacitance and dissipation factor, finding coil 
inductance and storage factor, electrical measurements work. etc. Quality 
components. GR 10(11) cycle hummer. GR main control. Mallory ceramic 
wafer silver plated contact switches. precision resistors, etc. The basic 
circuit is a self powered. 't arm bridge. Choice of Wheatstone. Capacitance 
comparison. :Maxwell or Hay bridge circuits. Resistance from 10 mill ohm 
ti) megohm. t apacitance 10 mmf to 100 mfd. Inductance Ill microhenry 
to 100 henries. Dissipation factor 002 to I Storage factor ( Q) I to 1000. 
The IMPEDANCE BRIDGE has provisions for external generator use for 
measurement at other than the 1(00 cycle level. Take the guess work our 
ot electrical measurements. The HEATIIKIT IMPEDANCE BRIDGE 
mounted in a beautiful polished birch cabinet with large easy reading panel 
calibrations will furnish years of accurate. tr,mble free measurement service. 

l‘eatide-et 
HANDITESTER KIT 

The IlEATHKIT Model M-1 
HANDITESTER fulfills require-
ments for a portable volt ohm 
milliammeter. This kit features 
precision resistors, 3 deck 
switch for trouble free mounting 
of parts. specially designed bat-
tery bracket, smooth acting ohms 
adjust control, beautiful molded 
bakelite case and a 401) mien , 
ampere meter movement. 5 con-
s enient AC and DC voltage 
ranges as follows: 10 • 30 - 300 - 
loop - 51100 volts. Ohms ranges 
o ;000 and 0 - 300,000. DC 
milliampere ranges 11- 10 milli-
amperes and 0 - WO milliam-
peres. The instrument is easily 
a:sembled from complete instruc-
tions and pictorial diagrams. Test leads 
are included. Carry the HEATHKIT 
M- I HANDITESTER in your tool box 
at all times for those simple lobs and 
eliminate that extra trip for additi, 
testing equipment. 

MODEL M-1 

SHIPPING 
WT. 3 LBS. 

$135° 

ROM INTERNATIONAL CORP. 
g .11.11 ST 
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P. I 

. . . BENTON HARBOR 26, MICHIGAN 

49 



qee,Me- AUDIO GENERATOR KIT 
• RANGE EXTENDED TO 1 MEGACYCLE .„„ 

MODEL AG-8 

• 600 High voltage 
ohms output 

 0< I 
Low impedance output 

High voltage output 

• Improved design — new 
low price. 

• Frequency coverage in 
five ranges from 20 cycles 
per second to 1 megacycle. 
• Response flat 1 DB from 
20 cycles to 400 kilocycles. 
Down 3 DB at 600 kilocycles. 
Down only 8 DB at 1 mega-
cycle. 
• Five calibrated output 
voltage ranges, continuously 
variable 1 mv, 10 mv, 100 
mv, 1 v, 10 v. 

• Low impedance output 
circuit. 600 ohms. 
• Distortion less than .4 of 
loo from 100 cycles per 
second through the audible 
range. 

• New HEATHKIT universal 
type binding posts. 

• Durable infra-red baked 
enamel panel. 
• Transformer operated for 
safe operation. 

• Sturdy, ventilated steel 
cabinet. 

Sine wave output 
from 20 cycles to 1 
megacycle. 

SHIPPING 
WT. 15 LBS. 

SHIPPING 
WT. 18 LBS. 

195. 
A new Audio Generator with features heretofore found in 
only the most expensive generators. Such features as complete 
coverage from 20 cycles to 1 Mc — response Hat -±I db from 
20 cycles to 400 Kc, down 3 db at 600 Kc and down only 
8 db at 1 Mc. 

And it has calibrated output ... Calibrated continuously variable and step attenuator output 
controls allow you to easily set calibrated output voltage. Moreover, distortion is less than .4 
of 1'7, from 100 cps through the audible range. 

Oscillator section consists of a two stage resistance coupled amplifier ( 6SJ7 and 6AK6) 
utilizing both positive and negative feedback for oscillator operation and reduction of distortion. 
Oscillator section drives a cathode follover output power amplifier ( 6AK6) vihich isolates the 
oscillator from variations in load and presents a low impedance output ( 60(1 Ohms). Power 
supply is transformer operated and utilizes 6X5 rectifier with 2 sections of RC filtering. 

An unbeatable dollar value — for here is an audio generator with wide frequency coverage, 
excellent frequency response, stepped and continuously variable calibrated output, high signal 
level, low impedance output, and low inherent distortion. 

qeeeteeet AUDIO FREQUENCY METER KIT 
The HEATHKIT AUDIO FREQUENCY METER provides a 
simple and easy way to check unknown audio frequencies 
from 10 cycles to 100 kc between 3 and .100 volts RMS. The 
instrument features 7 ranges for accuracy and wide coverage. 
The meter itself has a quality 200 microampere Simpson 
movement and large clearly marked scales. The AUDIO 
FREQUENCY METER is transformer operated and features 

a voltage regulator tube to maintain constant 
plate voltage on the second stage. Kit sup-
plied complete with all necessary construction 
material and a &tailed riima riistisi 11.1(1.1. 

N E W Vreeeteddee 

AUDIO OSCILLATOR KIT 

MODEL A0-1 
SHIPPING 

WT. 14 LBS. 

$245° 

A new Audio Oscillator wills 
both sine and square wave cover-
age from 20 to 20.000 cycles ... 
An instrument designed to com-
pletely fulfill the needs of the 
audio engineer and enthusiast — 
Has numerous advantages such as 
high level output ( up to 10V ob-
tainable across the entire range). 
distortion less than . and low 
impedance output. 

Special design features include 
the use of a thermistor in the second ampli-
fier stage for keeping the output essentially 
flat across the entire range. 
A cathode coupled clipper circuit produces 

good. dean, square waves with rise time of 
only 2 microseconds. Oscillator secti(in uses 

precision resistors in range multiplier 
circuit for greatest accuracy. 

You'll like the operation of this fine new 

qeeetedeit SQUARE WAVE 
GENERATOR KIT 

The HEATHKIT SQUARE WAVE 
GENERATOR is an excellent 
square wave frequency source with 
u ide range coverage from 10 cycles 
to 100 kc continuously variable. 
This feature makes it useful for TV 
and wide hand amplifier work as 
well as audio experimentation. The 
output voltage is continuously vari-
able between 0 and 20 volts. The 
circuitry consists of a multivibrator 
stage, a clipping and squaring stage 
and a cathode follower low imped-
ance output stage. The power sup-
ply is transformer operated and uti• 
tires a full wave rectifier . circuit 
with two sections of filtering. Another excellent 
HEATHKIT value at this remarkable low price. 
Kit includes all necessary construction material 
as well as complete instruction manual for 
assembly and operation. 

MODEL SQ-1 
SHIPPING 

WT. 14 LBS. 

$29.50 
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EW Vseeetteeie 

ISUAL-AURAL SIGNAL TRACER KIT 
• NEW NOISE LOCATOR AND WATTMETER CIRCUITS. 

Both visual and aural 
indications. 

• Permits visual signal obser-
vation as well as aural oper-
ation. 
• Two separate input channels. 
• Tremendous RF channel sen-
sitivity. Adequate for actual 
signal detection at receiver 
input. 
• Separate high gain RF and 
low gain audio channels. 
• A unique and useful noise 
loca ter circuit. 
• Built-in calibrated watt-
meter 
• Two separate shielded 
probes for RF and audio appli-
cation. 
• Additional test leads sup-
plied. 
• Substitution test speaker and 
output transformer eliminates 
necessity for speaker removal 
in service work. 
• Utility amplifier. Check rec-
ord changers, tuners, micro-
phones, instrument pickups, etc. 
• VTVM and Scope panel ter-
minals. 
• 5 tube transformer operated 
circuit. 

Traces signals from antenna 
clear through speaker. 

MODEL T-3 

SHIPPING 
WT. 8 LBS. 

$225.0 

The new HEATHKIT VISUAL AURAL 
SIGNAL TRACER represents one of the 
most convenient and useful instruments the 
service man can use in AM, FM and TV 
service work. The electron ray beam indicator constantly monitors both 
input channels for visual observation of the signal. Now, see and hear 
the signal level for easier estimation of signal strength and gain per stage 
in a receiver circuit. Separate high gain channel and special shielded 
demodulator probe for RF circuit work. Low gain channel for audio circuit investigation and for use 
as a noise locater. In this feature, approximately 200 volts DC is applied to a suspected circuit component 
and the action of the voltage in the component can be seen and heard to determine satisfactory opera-
tion. This feature alone will prove tremendously helpful in locating the source of objectionable noises 
in coils, transformers, resistors, condensers, cold solder joints, controls. etc. A convenient wattmeter 
permits rapid preliminary check for voltage distribution circuit breakdown as well as transformer failures. 
Use the T-3 as a universal test speaker and substitution transformer and save service time by eliminating 
the necessity for speaker removal on every service call. Additional service uses are as a utility amplifier 
for checking the output of record changers, tuners, microphones, instrument pickups, etc. Separate panel 
terminals permit utilization of other shop equipment such as your Oscilloscope or VTVM. Entire kit 
supplied complete with 5 tubes, all necessary construction material along with a detailed step by step 
instruction manual for the assembly and operation of the instrument. 

NEW qeeetteect 

CONDENSER CHECKER KIT 
MODEL C.3 

SHIPPING 

WT. 7 LBS. 

$19 5? 

Announcing the new improved 
Model C3 HEATHKIT CON-
DENSER housed in a new 
smartly styled professional ap-
pearing cabinet featuring 
rounded corners and snug fit. 
ting drawn panel. Adequate 
provisions for ventilation in. 

sures longer instrument life through cooler operation. Use the G3 to 
accurately measure those unknown condenser and resistor values. All readings 
of condensers and resistors are read directly on the calibrated scales. Range 
of condenser measurements is from .00001 mid to 1000 mid. Calibrated 
resistance measurements can be made from 100 ohms to 5 megohms. A 
leakage test with a choice of 5 DC polarizing voltages will quickly indicate 
condenser operating quality under actual voltage load conditions. The 
spring return leakage test switch automatically discharges the condenser 
under test and eliminates shock hazard. An electron ray beam indicator 
tube is used in a new leakage test circuit for added sensitivity. The instru-
ment is transformer operated for safety and will prove an extremely wel-
come addition to your shop equipment. The kit is furnished complete with 
all necessary parts, test leads and includes a step by step detailed construc-
tion manual for assembly and opezation. 

Ileard4e€ TV ALIGNMENT 

GENERATOR KIT 

MODEL TS- 2 

SHIPPING 

WT. 20 LBS. 

$395.0 

Here is an excellent TV 
ALIGNMENT GENERA-
TOR designed to do TV 
service work quickly, easily 
and properly. The Model 
TS-2 when used in conjunc-
tion with an Oscilloscope 
provides a means of correct-
ly aligning TV receivers. The instrument furnishes a frequency modu-
lated signal covering in 2 bands the range of Ill to 90 megacycles and 
SO to 250 megacycles. An absorption type frequency marker covers 
t rom 20 to 75 megacycles in 2 ranges therefore you have a simple. 
,.,nvenient means of checking IF% independent of oscillator calibra-
tion. Sweep width is variable from O to 12 megacycles. Other excellent 
katures are horizontal sweep voltage controlled with a phasing control 
-- both step and continuously variable attentuation for setting the 
.,utput signal to the desired level — a convenient stand by switch — 
.md blanking for establishing a single trace with a base reference 
level. Make your work easier, save time and repair with confidence. 
Order your HEATHKIT TV ALIGNMENT GENERATOR now. 

REIF INTERNATIONAL CORP. 
111. MIN ST. 
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.1111 MI/1e« r 

IC CD MAI VP A1\11( 
... BENTON HARBOR 26, MICHIGAN 

51 



Checks 7, 5, 9 prong tubet.ortals, 
loctals, 7 ond 9 prong miniatures, 
5 prong Herons, pilot lights. 

Checks for opens, shorts, 
romission, filament and 
filament tap continuity. 

• Beautiful counter type 
birch cabinet. 
• 4,2" Simpson 3 color 
meter. 
• Simplified setup proce-
dure. 
• Built-in gear driven roll 
chart. 
• Checks emission, shorted 
elements, open elements and 
continuity. 
• Complete protection 
against obsolescence. 
• Sockets for every mod-
ern tube. 
• Blank for new types. 
• Individual element 
switches. 
• Contact type pilot light 
test socket. 
• Line adjust control. 

With the HEATHKIT TC-I TUBE CHECKER test all 
types of tubes commonly encountered in AM-FM and TV 
receiver circuits. Test setup procedure is simplified, rapid 
and flexible. Tube quality is read directly en a beautiful 
4! '2" Simpson three color BAD - ? - GOOD scale that your 
customers can readily understand. Panel sockets accommo-
date 4, 5, 6 and 7 prong tubes, octals. loctals. 7 and 
prong miniatures. 5 prong Hytrons, a blank socket for new 
tubes and a contact type socket for quick checking of pilot 
lights. Built-in gear driven roll chart for instant reference. 
Neon short indicator, individual three position lever switch 
for each tube element, spring return test switch, line set 

control to compensate for supply voltage variations. At this 
low price, no service man need be without the advantages 
offered by the HEATHKIT TUBE CHECKER. 

'Wead..det TV PICTURE TUBE 
TEST ADAPTER 

l,e tint IIIIATHKIT TUBE CHECKER 
with this new TV TEST ADAPTER to 
determine picture tube quality. Check for 
emission and shorts. 
independent of TV 
power supply. Consists 
of standard 12 pin TV 
tube socket. 4 feet of 
cable, octal sock,: con-
nector and data sheet. 
Quickly prove TV pic. NO. 355 4,50 
cure tube condition to Ship. Wr. • 
yourself and your cus• I lb. 
TOT«. 

qeecteddie RESISTANCE SUBSTITUTION BOX KIT 
PORTABLE TUBE CHECKER KIT 

MODEL TC-1P 
Same as TC-I except supplied 
with polished birch cabinet ( with 
removable lid) instead of count. 
et type cabinet. Shipping weight 
14 lbs  $34.50 
No. 365 Polished Birch Tube 
Checker Cabinet only. Shipping 
Weight 7 11, $7.50 

MODEL RS-1 
SHIPPING 
WT. 3 LBS. 

$55.? 

\I: \\, HEATHKIT RESISTANCE SUBSTITU-
TION BOX KIT provides switch selection of any 
single one of 36 RTMA I watt IV; standard 
value resistors, ranging from 15 ohms to 10 meg-
ohms. This coverage available in 2 ranges in decades 
of IS. 22, 3. 47. 68 and 100. Housed in rugged 
plastic cabinet featuring new HEATHKIT universal 
type binding posts. The entire kit priced less than 
the retail value of the resistors alone. 

teeeteltdit 

BATTERY ELIMINATOR KIT 
A clean 6 volt dc supply 
source is definitely required 
for successful automobile ra-
dio servicing. Has a continu-
ously variable d-c output from 
It to 8 volts. It can be safely 
operated at a steady lit am-
pere level and will delis, ..• 

tir 15 amperes for intern:, 
periods. The voltage out,-
terminals arc completely iso-
lated from the chassis to ac-
commodate additional serv-
ice applications such as supplying bias 
voltages or d-c substitution voltages for 
battery operated tube filament circuits. 
The output of the Battery Eliminator 

it constantly monitored by a d-c volt-
meter and a tl-c ammeter. The circuit 
features an automatic overload relay of 
self resetting type. For additional pro-
tection, a panel mounting fuse is pro-
vided. Build this kit in a few hours and 
pocket a substantial savings. 

MODEL BE- 3 

SHIPPING 
WT. 20 LBS. 

$ 2 4 5° 

q‘eateeit 
VIBRATOR TESTER KIT 

Repair time is valuable, and the 
Heathkit Vibrator Tester will save 
you hours of work. Instantly tells 
the condition of the vibrator un-
der test — and the check is thor-
ough and complete. Checks vi-
brator for proper starting, and the 
easy-to-read meter indicates the 
quality of output on large BAD-
GOOD scales. Tests both inter-
rupter and selfrectilier types of vibrators. 
Five different sockets for checking hun-
dreds of vibrators. 

Operates from any battery eliminator 
capable of delivering continuously vari-
able voltage from 4 - 6V at 4 amps. The 
Heathkit BE-3 Battery Eliminator is 
ideal for operating this kit. 

Faulty vibrators can be spotted within 
seconds and you're free to go on to 
other service jobs. 

MODEL VT.1 

SHIPPING 
WT. 7 LBS. 

145.0 
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qeeatitteet SIGNAL GENERATOR KIT 

Modulated or un-
modulated RFoutpul. 

Output. 

• Step attenuated RF ouput. 
• 6 to 1 vernier dial ratio. 
• Turret mounted coil sub-
assembly. 
• Pre-calibrated and adjusted 
coils. 
• Hartley RF oscillator circuit. 
• Colpitts oscillator 400 cycle 
s.ne wove output. 
• Modulated or unmodulated 
RF output. 
• Frequency coverage on fun-
damentals 160 kc to 50 mega-
cycles in five ranges. 51 mega-
cycles to 150 megacycles on 
calibrated harmonics. 
• RF output in excess of 100,-
000 microvolts. 
• Audio output 11/2  to 2 volts. 
• AC transformer operated. 
• Professionally styled cabinet. 
• Infra red baked enamel 
pond 

MODEL SG-7 

SHIPPING 

WT. 7 LBS. 

The new HEATHKIT Model SG-7 SIGNAL 
GENERATOR easily fulfills requirements for a 
controllable, modulated or unmodulated source 
of variable frequency. A convenient 400 cycle 
sine wave output is available for audio work. All RF oscillator coils are precision wound and 
adjusted to calibration before shipment thereby assuring maximum accuracy. The coils, band 
switch and tuning condenser all mount as a turret assembly so as to offer the advantage of 
short wiring leads and easy mounting of parts. The RE output circuit is of the low impedance 
type obtained by the use of cathode coupling to the output jacks. The level of RF output is 
varied by means of the RI; step and RF output control. Use the HEATHKIT SG-7 as an RE 
signal source modulated or unmodulated for radio repair, laboratory work, experimental 
testing, 400 cycle sine wave audio testing, checking RF stages, alignment of both AM and FM 
IF stages, marker generator for TV alignment, etc. The kit is transformer operated and utilizes 
miniature tubes for ease in handling high frequency. Panel jacks and a convenient switching 
system permit either external or internal modulation. The entire kit is supplied complete with 
tubes and all necessary material as well as a detailed step by step instruction manual for the 
assembly and operation of the instrument. 

deeztdc"t' INTERMODULATION 

ANALYZER KIT 
MODEL IM-1 

SHIPPING WT. 
18 LOS. 

'39" 
The HEATIIKIT 
MODEL IM- 1 is an 
extremely versatile 
instrument specifically 
designed for measur-
ing the degree of in-
teraction between two 

signals caused by a specific piece of apparatus, or a chain of equip-
ment. It is primarily intended for tests of audio equipment but 
may he used in other applications such as making tests of micro-
phones. records, recording equipment, phonograph pickups and 
loud speakers. Use it for checking tape or disc recordings, as a 
sensitive AC voltmeter, as a high pass noise meter for adjusting 
tape bias, cutting needle pitch or other applications. High and 
low test frequency source, intermodulation section, power supply 
and AC voltmeter all in one complete unit. Percent intermodula-
tion is directly read on three calibrated ranges, 30%, 10% and 
3%,", full scale. Both 4 to l and I to I ratios of low to high fre-
quencies easily set up. At this low kit price YOU can enjoy the 
benefits of Inter,,,,1111ari,,n .inAlysis for accurate audio interpre-
tations. 

'teeetteeee LABORATORY REGULATED 

POWER SUPPLY KIT 
MODEL PS 2 

SHIPPING 
WT. 20 LBS. 

$295.0 

New HEATHKIT LAB-
ORATORY POWER 

tie SUPPLY provides con-
tinuously variable regu-
lated DC voltage output 

from 160 volts to 400 volts depending on load. Panel terminals 
supply separate 6.3 V. AC supply at 4 amperes for filament cir-
cuits. A 31/2" plastic cased panel mounted meter provides accurate 
metered output for either voltage of current measurements. Ex-
ceptionally low ripple content of .012% admirably qualifies the 
HEATHKIT LABORATORY POWER SUPPLY for high gain 
audio applications. Ideal for laboratory work requiring a reference 
voltage for meter calibration or for plotting tube characteristics. 
In service work, it can be used as a separate variable voltage supply 
to determine the desirable operating voltage in a specific circuit. 
Use it as a DC substitution voltage in trouble shooting TV circuits 
exhibiting symptoms of extraneous undesirable components in 
plate supply circuits. Entire kit, including all 5 tubes now available 
at this low price. 

ROUE INTERNATIONAL (On. 
oie •01. ST. 

vollit on, Oil) 
"ea An ••  A.. 

."7r"te we IE Tru dC CD MAI ID A I% 
... BENTON HARBOR 26, MICHIGAN 
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Vi‘eaddie 
WILLIAMSON TYPE AMPLIFIER KIT 

The new HEATHK1T \X'ILL1AMSON TYPE AMPLIFIER incorporates 
the latest improvements described in Audio Engineering's •'Gilding the 
Lily.- 5881 output tubes and a new Peerless output transformer with addi-
tional primary taps afford peak power output of well over 20 watts. Fre-
quency response =!--1 db from 10 cycles to 100 kc. allows reproduction of 
highs and lows with equal crispness and clarity. Harmonic and intermodu-
lation distortion have been reduced to less than 1, of I% at 5 watts. This 
eliminates the harsh unpleasant qualities which contribute to listening 
fatigue. Make this amplifier the heart of your radio system to achieve the 
line reproduction that is the goal of all music lovers. 

The HEATHK1T PREAMPLIFIER ( available separately or in com-
bination with the amplifier kit) features inputs for magnetic or low 
level cartridges, crystal pickups and tuners. turnover control for LP or 78 
type records, individual bass and treble tone controls each providing up 
to 15 DB of boost or attenuation. Special notched shafts on preamplifier 
controls and switches adaptable to custom installation. The preamplifier 
can be mounted in any position and a liberal length of connecting cable 
is supplied. No radio experience is required to construct this amplifier. All 
punching, forming, or drilling has already been donc. The complete kit 
includes all necessary parts as well as a detailed step by step construction 
manual with pictorial diagrams to greatly simplify the construction. 

ACROSOUND TRANSFORMER OPTION. If desired, the output transformer 
with the kit will he the Acrtound output transformer, type TO- 300. The 
use of this transformer permits ultra-linear operation as described in Audio 
Engineering's "Ultra-Linear Operation of the Williamson Amplifier." 

leeete 

MODEL FM-2 

SHIPPING 
wt. 9 LBS. 

s22 ° 

FM TUNER KIT 
The HEATHK1T MODEL FM-2 
TUNER specifically designed for 
simplified kit construction features 
a preassembled and adjusted tuning 
unit. Three double tuned IF trans-
formers and a discriminator trans-
former are used in an 8 tube circuit. 
Smooth tuning is obtained through 
a 9 to 1 ratio vernier drive using a 
calibrated six inch slide rule type 
dial. The usual frequency coverage 
of 88 to 108 megacycles is provided. 
Experience the thrill of building your 

own FM tuner. Operate it through your amplifier 
or radio and enjoy all the advantages of true FM 
reception. Transformer operated power supply to 
simplify connections to all types of audio systems. 
The kit is supplied complete with all 8 tubes and 
necessary material required for construction. A 
complete instruction manual simplifies assembly 

and operation. 

'Weetteeit ECONOMY 6 WATT 

AMPLIFIER KIT 

I 4 
MODEL A-7 

SHIPPING 
WT. 10 LBS. 

$14" 

The HEATHKIT Model A-7 
amplifier features beam power, 
push pull output with frequency 
response flat -±11 2Dli from 20 to 
20,000 cycles. Separate volume, 
bass and treble controls. Two in-
put circuits, output impedances 
of 4, 8, and 15 ohms. Peak 
power output rated at full 6 
watts. High quality components, 
simplified layout, attractive gray 
finished chassis, break off type 
adjustable length control shafts 
and attractive lettered control 
panel. 

THE MODEL A7A amplifier incorporates a preamplifier stage 
with special compensated network to provide the necessary 
voltage gain for operation with variable reluctance or low out-
put keel phono cartridges. Excellent gain Is 'r microphone oper-
ation in a moderate powered sound system.  $16.50 

PRICES OF VARIOUS COMBINATIONS 

W-2 Amplifier Kit (Ind. Main 
Amplifier with Peerless Output 
Transformer, Power Supply and WA-
P I Preamplifier Kit) Shipping 
Weight 39 lbs. 
W-2M Amplifier Kit (Incl. Main 
Amplifier with Peerless Output Trans. 
former and Power Supply) Ship-
ping Weight 29 lbs. Slopped ex-
press only 
W-3 Amplifier Kit (Incl. Main 
Amplifier with Acrosound Output 
"fransformer, Power Supply) and 
WA-PI Preamplifier Kit) Shipping 
Weight 39 lbs. Shipped express 

W-3M Amplifier Kit (Incl. Main 
Amplifier with Acrosound Output 
Transformer and Power Supply) 
Shipping Weight 29 lbs. Shipped 
express only 
WA-P1 Preamplifier Kit only. 
Shipping Weight 7 lbs. Shipped 
tspress or parcel post. 

'497.5 

'497.5 
197.5 

°Weeder HIGH FIDELITY 20 WATT 

AMPLIFIER KIT 

The HEATHK1T MODEL A-8 amplifier kit 
was designed to deliver high fidelity perform-
ance with adequate power output at moderate 
cost. The frequency response is within ± 1 DB 
from 20 to 20.000 cycles. Distortion at 3 DB 
below maximum power output at 1000 cycles 
is only .8. The amplifier features a Chicago 
power transformer in a drawn steel case and a 
Peerless output transformer with output imped-
ances of 4. 8, and 16 ohms available. Separate 
bass and treble tone controls permit wide range 
of tonal adjustment to meet the requirements of 
the most discerning listener. The amplifier uses 
a 6SJ7 voltage amplifier, a 6SN7 amplifier and 
phase splitter and two 6L6's in push pull output 
and a 5U4G rectifier. Two input jacks for either 
crystal or tuner operation. The kit includes all 
necessary material as well as a detailed step by 
step construction manual. 

MODEL A8-A features an added 6SJ7 stage ( preamplifier) for operating from 
a variable reluctance cartridge or tither low output level phono pickups. Can 
also be used with a microphone. A 3 position panel switch affords the desired 
input service.  $35.50 

e 
MODEL A-8 

SHIPPING WT. 19 L BS. 

$33? 

ROUE INTEtNATIONAL (ORP. 
f EWE 0 

NEW YORK CITY ( 14) 
(.11. .1118 Y 

. . . BENTON HARBOR 26, MICHIGAN 
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Vtide 

SUPERHETERODYNE RECEIVER KITS 
liëael• Continuously variable tone control range stunt, vo 2. 

• High gain dual iron core tuned type IF transformers 
ti w ave t-'' ,., 

• AC transformer operation for safety 6 tube a' • wtoit, , ' 3 s. , .,, 
550 kc to 

• Sturdy punched and plated steel chassis erage 
• Ideal for custom installation .... 

,3.sIllip,e‘p5:1701 ss c . 

TInelgl'l:ss'. - 

clio2e:1. 

• Full AVC action 
• Inverse feedback for improved frequency response e  

• Kit supplied with all necessary construction material except speaker and 
cabinet. ( Available separately if desired). 

;50 r<tuI:eidijr,y1 1,,,,r band 
shipping ,,,. 

t' II lbs.e rag, Two excellent radio :, , - :t attiring clean design and open layout for 
simplified construction. Satisfy that urge to build your own radio receiver and 

Itie e4" Modo fil? -1 select the model which meets tour requirements. Roth receivers feature con-
$ i..1.'-er: tinuously variable nine onitrol. a radio plum,' switch and phono input and an 
19 c ••••wr if%  AC receptacle for the phono motor. A six inch calibrated slide rule type dial 

• with a 9 to 1 ratio vernier dial drive insures easy tuning. 

• 

SHIPPING INFORMATION 

ON PARCEL POST ORDERS include postage for weight ORDERS FROM CANADA must include full remittance 
shown and insurance. ( We insure all shipments.) Don't worry for merchandise. 
about sending more than the correct amount -- if you send us Orders processed on the saine day received. Customers no-
too much, every extra cent will be promptly returned, tilted of unavoidable delay. 
ON EXPRESS ORDERS do not include transportation U.S. postal or express money orders, bank drafts or checks 

charges. They will be collected by Express Agency on delivery, are acceptable. Do not send loose coins or stamps. 

ALL PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

ROUE INTERNATIONAL CORP. 
13 I. 40fe, ST. 

MEW YORK CITY ( 16) 

'7e. /8 me W . jaikr• i na trm 11:10 Ma "D AL MI le 

• • • BENTON HARBOR 26, MICHIGAN 

.... 
At4 it you e ORDER BLANK 
roD4 oRDER 

.4 , o ' r r,it 
HEAT', SNIP VIA 

-. CO 

41, eteroN MPAAly 
U U. 

p Parcel Post 

rli Express 
, HAR  WW1: 

MICH/GAN ' 26' 
D Freight 

- _  
•  i•- . ''' '• • 74 ..ee.. . (PLEASE PRINT) 

D Best Way 

QUANTITY ITEM PRICE QUANTITY ITEM PRICE 

Heathkit Oscilloscope Kit- Model 0-8 ( 29 lbs.) $43.50 Heathkit Square Wave Gen. Kit- Model SQ-I ( 14 lbs.) $29.50 

29.50 
- 

Heathkit AC VTVM Kit- Model AV-2 t5 lbs.) Heathkit Intensifier Kit (0-8 only) No. 339 (I lb.) 7.50 

Heathkit Intermodulation Analyzer Kit- Model IM- 1 ( 18 lbs.) 39.50 Heathkit Voltage Calibrator Kit- Model VC- 1 (5 lbs.) 9.50 

Heathkit Regulated Power Supply Kit- Model PS- 2 ( 20 lbs.) 29.50 Heathkit Electronic Switch Kit- Model S-2 ( 11 lbs.) 19.50 

Heathkit Ilanditester Kit- Model M-1 (3 lbs.) 13.50 Heathkit Scope Demodulator Probe Kit No. 337 (I lb.) 4.50 

Heathkit Decade Resistance Kit- Model DR- I (4 lbs.) 19.50 Heathkit T.V. Alignment Generator Kit- Model TS- 2 (20 lbs.) 39.50 

Heathkit Q Meter Kit- Model QM- 1 ( 12 lbs.) 39.50 Heathkit Decade Condenser Kit- Model DC- I (4 lbs.) 16.50 

Heathkit Grid Dip Meter Kit- Model GD-I (4 lbs.) 19.50 Heathkit Impedance Bridge Kit- Model 113-IB ( 15 lbs.) 69.50 

Heathkit VTVM Kit- Model V-6 (7 lbs.) 24.50 Heathkit Battery Tester Kit- Model BT-1 13 lbs.) 7.50 

Heathkit RF Probe Kit No. 309 (1 lb.) 5.50 Heathkit Resistance Substitution Box Kit- Model RS- 1 (3 lbs 5.50 

Healhkit F.M. Tuner Kit- Model FM- 2 (9 lbs.) 22.50 Heathkit NV Probe Kit No. 336 (2 lbs.) 5.50 

19.50 Heathkit Broadcast Receiver Kit- Model BR- 1 ( 11 lbs.) Heathkit Peak-to- Peak Volt. Probe Kit No. 338 (2 lbs.) 6.50 

Heathkit Three Band Receiver Kit- Model AR-1 Ill lbs.) 23.50 Heathkit Visual- Aural Signal Tracer Kit- Model T-3 (8 lbs.) 22.50 

Heathkit Amplifier Kit- Model A-7 ( 10 lbs.) 14.50 Heathkit Condenser Checker Kit- Model C-3 (7 lbs.) 19.50 

Heathkit Amplifier Kit- Model A-7A ( 10 lbs.) 16.50 Heathkit RF Signal Generator Kit- Model SG- 7 (7 lbs.) 19.50 

Heathkit Tube Checker Kit- Model IC- I ( 12 lbs.) 29.50 Heathkit Amplifier Kit- Model A-8 ( 19 lbs.) 33.50 

Heathkit Amplifier Kit- Model A-8A ( 19 lbs.) 35.50 Heathkit T.V. Tube Adapter No. 355 ( I lb.) 4.50 

Heathkit Battery Eliminator Kit- Model BE-3 (20 lbs.) 24.50 Williamson Type Amplifier Kit ( Type: 

Shipped express only Heathkit Vibrator Tester Kit- Model VI- 1 (7 lbs.) 14.50 

19.75 Heathkit Audio Generator Kit- Model AG-8 ( 16 lbs.) 29.50 WA- PI Preamplifier Kit ,7 lbs.) ( Snipped exp. Of p.p. 

Heathkit Audio Oscillator Kit- Model 60-1 (14 lbs.) 24.50 

I Heathkit Audio Frequency Meter Kit- Model AF- I , 15 lbs.) 34.50 

•Please Postage for lbs. Enclosed find E Check Cil Money Order for ship C.O.D. I : enclosed 
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E. F. JOHNSON COMPANY 
2 2 4 SECOND AVENUE SOUTHWEST 

JOHNSON VIKING II TRANSMITTER KIT 

180 Watts CW Input 
735 Watts Phone Input 
100% AM Modulation 

130 Watts CW Output 
100 Watts Phone Output 
ZVI Suppression Features 

The JOHNSON Viking II Is a self-contained, bandswitching amateur transmitter 
supplied in kit form. It has all the desirable features of its predecessor, the Viking I, plu: 
many improvements including effective TVI suppression. Full output is available on thE 
160, 80, 40, 20, 15, 10-11 meter amateur bands. Complete range of output freauenciet 
as follows: 

BAND LOW FREO. LIMIT HIGH FREO. LIMIT 18 mc 
160 .. 2.4 mc. 
80 2.9 4.4 
40 5.2 8.0 
20 9.8 15.0 
15 15.0 21.8 
10-11 21.0 30.0 

The RF section consists of o 6A116 oscillator, a 6A05 buffer/doubler and parallel 6146 
output amplifier. Modulator; pp 807's operating class AB, with 6AU6 speech amplifier 
and 6AU6 driver. Parallel 5R4GY HV rectifiers, 5V4G low voltage rectifier with 
6AL5 bias rectifier. Fixed bias applied to buffer and output amplifier for break-in CW 
operation. Audio response is limited to the center of the speech range. The pi-network 
amplifier matches a wide range of impedances, and will provide up to 30 db second 
harmonic attenuation before filtering. 

One of the outstanding features of the Viking II is its completely new cabinet. Heavily 
copper plated, it is a complete shield yet allows easy access to the chassis. The lid, 
bonded with silver plated, phosphor bronze fingers, can be opened easily by the removal 
of just three thumbscrews. Perforation of the lid and bottom plate permits free air cir-
culation and cooling is greatly improved. 

Special shields are provided for the dial aperture and meter, while filtering of the line 
power leads, vro receptacle, key jack and microphone connector eliminates harmonic 
radiation at these points. Other filters are used to suppress spurious output at its source. 
Antenna relay terminals have been added and they too are filtered. Shielded coaxial 
connectors are used for VFO input and RF output terminals. 

All parts furnished including a complete set of tubes, cabinet, punched chassis, wiring 
harness, wire, terminals, grommets and all other hardware. Carefully detailed and 
illustrated instructions for assecibly, test, arid operation are also included. 

Supplied for 11b volt 50/60 cycle operation only. Cabinet dimensions 20' wide, 
10ME' high, 13' deep. Net weight assembled, 65 pounds. 
Cat. No. Amateur Net 
240-102 Viking II Kit, with tubes $279.50 

VIKING VFO KIT 

Variable frequency oscillator with 160 and 40 meter output for frequency multiplying 
transmitters. Accurately calibrated for all amateur bands from 160 thru 10 meters. 6AU6 
electron coupled oscillator, 0A2 voltage regulator. Excellent stability is assured by 
temperature compensated Dodders and rigid construction. 6-1 vernier tuning with high 
reset accuracy. Power requirements 6.3 volts, 3 amperes, 250-300 volts ma, DC unreg-
ulated. ( Power and input connections provided on every Viking transmitter.) Kit 
furnished complete, less tubes. All parts, assembly and calibration instructions 
included. When used with a Viking II or other shielded transmitter having filtered power 
leads, no TVI suppression measures are required. 

Cat. No. Amateur Net 
240-122 VIKING VFO KIT $42.75 

LOW PASS FILTER 

The JOHNSON Low Pass Filter consists of four individually shielded sections, capable 
of handling more than 1000 watts RF, amplitude modulated. Cut-off frequency is 45 
mcs. with “ M'' derived end sections adjusted to provide maximum attenuation at 57 
mcs., the center of TV Channel 2. Attenuation of harmonic and spurious frequencies 
above 54 mcs. is 75 DB or more. Insertion loss less than . 25 Ob. Characteristic impedance 
of the filter is 52 ohms. Construction permits the replacement of Teflon dielectric of the 
fixed capacitors should there be damage due to accidental overloads. Standard SO-239 
coaxial connectors are used for input and output terminals. Completely assembled, 
pre- tuned and equipped with convenient mounting hardware. 

Cat. No. Amateur Net 
250-20 Low Pass Filter  $16.50 

VIKING I, TVI SUPPRESSION KIT 

This TVI suppression kit enables owners of the JOHNSON Viking I to shield their 
transmitters and suppress harmonic radiation. All the necessary custom made shields, 
chokes, capacitors and hardware are included and have been carefully designed for 
easy installation. 

The shield encompassing the transmitter chassis fits inside the standard Viking I cabinet 
without affecting its appearance or operation. Perforated etched aluminum shield is 
removable for easy access to tubes and crystals. Shielding is completed with an alumi-
num chassis bottom plate, meter, and dial aperture shields. Self-tapping screws are 
furnished to aid in the speedy assembly of this kit. 

Nine individual filters consisting of low inductance chokes and ceramic disc capacitors 
ore located as follows: meter leads, keying lead, VFO power socket, PA high voltage 
lead, PA screen and buffer plate supply. Similar filters are provided for the AC line, 
filaments and for a lead to actuate an antenna relay. Antenna relay terminals are 
included. 

Cat. No. Amateur Net 
250-21 TVI Suppression Kit $24.75 



CAPACITORS, INDUCTORS, SOCKETS, INSULATORS, PLUGS 

AND JACKS, KNOBS AND DIALS, AND PILOT LIGHTS 

WASECA MINNESOTA 

VIKING MOBILE TRANSMITTER KIT 

)esigned especially for amateur mobile use, the Viking Mobile Transmitter Kit features 
lash mounting and instant bandswitching for operating convenience. Maximum PA 
nput is 60 watts on 10, 20, or 75 meters. Provision for one additional band, either 15 
sr 40 meters. All inductors contained within the transmitter. 100% amplitude modulation, 
ufficient audio gain for either high impedance or carbon microphones. 

-hree gang tuned RF stages, 681-16 oscillator, 6A05 buffer/doubler, and an 807 
moldier. Separate adjustable antenna coupling links, one for each band, tailored for 
i2 ohm coaxial line. Iront panel crystal mounting— four position crystal selector switch. 
The transmitter may be driven to full output with the Viking VFO, and VFO RF input 
Ind power receptacles are proyided for this purpose. The audio system is comprised of 
6BH6 speech amplifier, 6BH6 driver and pp AB, 807 modulator. Audio gain control 
s located on the front panel. Three circuit microphone connector for -push to talk.' 
aperation. 

Nhile a 600 volt power supply is required for 60 watts PA input, 30 watts input can be 
attained with 300 volts. A 681-16 used in an RF type fixed bias supply improves overall 
afficiency by conserving plate supply voltage (eliminates cathode bias) and by keeping 
nodulator idling current low. 

An illuminated meter, switched from front panel, measures oscillator, buffer, PA, modulo-
or cathode, and PA grid currents. Front panel control of excitation to grid of the 807 PA. 
As three position function switch (-Tune", -Transmit-, and -Receive-) can be used to 
Provide receiver muting, -Non-Swish" VFO tuning, and to make use of the receiver 
>ower supply as a source of plate voltage for the exciter and speech amplifier. Push to 
alk operation is optional. 

[he Viking Mobile is supplied as a kit with detailed assembly instructions. Punched 
;hais, cabinet, small hardware items, and all necessary parts are included. Housed in 
wavy steel case ex' high, 7' wide, 101/4 ' deep, weight approximately 16 pounds. 
_ess tubes, crystals, microphone. Literature ond power supply prices available on request. 

:at. No. Amateur Net 
Z40-141 Mobile Transmitter Kit $99.50 

JOHNSON ROTOMATIC ROTATOR 

Ain improved all-weather antenna rotator designed for the most rigorous service. Housed 
n a sturdy, light weight aluminum casting with 314, steel rotating table and 1/4 ' -tilt 
lead- base plate. The rotator unit weighs 76 pounds, and will safely support dual 
,earns weighing 175 pounds even when heavily loaded with ice. 

An oversized, continuously lubricated, steel worm gear assembly provides large safety 
'actor at high wind loading. Drive unit consists of a 1 20 HP, instantly reversible, 
:0Pac,t0, type gear motor. Motor and integral gears, are equipped with ball bearings 
and special all weather lubricant. Beam rotation is 1 RPM. Full torque delivered 
nven at extremely low temperatures. Motor produces no radio or TV interference. 

2F slip rings insulated with glass bonded mica permit continuous rotation that 360 degrees 
n either CW or CCW direction. Heavily chrome plated slip rings provide low resist-
ance contact, noise-free operation and resist corrosion. Rotator is equipped with 
auxiliary slip rings and convenient terminals for beam switching relay 

Zomplete rotator assembly includes a control box with selsyn indicator. Accurate 
azimuth bearings ore continuously presented on an illuminated dial. Controls include 
7.-W-Off-CCW switch, power switch and antenna relay switch. 

:at. No 
138-112 Rotornotic Rotator, 

Amateur Net 
  $324.00 

JOHNSON PARASITIC PFAM ANTENNAS 

›arasitic Beam Antennas for use on the 20, 15 and 10 meter amateur bonds. Elements 
,re strong, lightweight aluminum alloy tubing, center-grounded to the boom assembly. 
3oth length and spacing of the elements are continuously variable. Balanced open 
wire tkarumittion lines may he matched to the driven element by means of an adjustable 
T. matching section. Coaxial transmission lines matched by -Gamma- or half -T- rection. 
3oom assemblies are 2' galvanized steel tubing. Elements are firmly clamped to the 
Doom and cannot work loose, yet their positions are readily adjustable. Assembled 
seam requires no cross-bracing and has low wind resistance. 

Ten meter elements consist of a 1/4 ' diameter tube 12 feet long with 1/4 ' adjustable 
ends. Maximum element length is 19 feet, minimum, 12 feet. Fifteen meter elements are 
similarly constructed with a maximum length of 25 feet. Tubing diameters of 20 meter 
elements are 1 1/4 ', 1/4 ' and 1/4 ', and elements can be extended to a maximum length 
f 37 feet. 

Boom assemblies are fixed in length and available as follows: 

Cat. No. Amateur Net Length For beams: 
138-151 $9.60 8' 0' 3 elements 10 meters 
138-152 13.75 12' 0' 3 elements 15 meters 
138-153 18.95 18' 9' 3 elements 20 meters or 

dual-3 elements 20 
3 elements 10 

dual-3 elements 20 
4 elements 10 

A complete parasitic array for one band consists of one element kit and the appropriate 
boom assembly. A dual interlaced beam for two bands requires one element kit for 
each band. g 138-153 boom, and a 138-108 antenna switching relay. 

Cat. No. Description Amateur Net 
138-210-3 3 element 10 meter kit $37.30 
138-210-4 4 element 10 meter kit 48.20 
138-214-3 3 element 15 meter kit 46.90 
138-214-4 4 element 15 meter kit 60.65 
138-220-3 3 element 20 meter kit 85.10 
138-108 Beam switching relay 17.20 
144-16 8 conductor cable for rotator— .26, foot 
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INSULATORS AND BUSHINGS 
JOHNSON insulators are especially designed for high frequency use. They are made o 

superior grade low absorption, well glazed electrical porcelain or Steatite. They are occuratel• 
molded and furnished with hardware of high grade nickel- plated brass. Use JOHNSON in 
sulators with confidence. -H- dimension is height of ceramic above panel. 

Stand- Off Insulators 
STEATITE 

Cat. No. H Hardware Cat. No. H Hardware 

135-20 re 10-32 135-221  74 Jack 
135-201 re 74- Jock 135-24  6-32 
135-22 1" 8-32 

PORCELAIN 
135-60 4' 2" '.g 20 135-62 2 í" 14-20 

Metal Bose Types 
135-65  10 32 135-67 4'2" .!4-20 
135-66  23.i" ' 4 20 135-68  10-32 

Steatite Cone Insulators 
135-500  632 135-503 2" 10-32 .-
135-501   832 135-504 3" 10-32 
135-502  1' 2" 8-32 

Thru-Panel Insulators 
STEATITE 

135-40 1 '4» 10 32 135-42J  7(.. 74-Jack 
135-401   11 ;,t" 74 Jack 135-A4 r,,, ,, 6-32 
135-42   . 10-32 

PORCELAIN 
135-45   1 '..." 10-32 135-47  4' 2" ' g-20 
135-451 1 ' x" 74 Jack 135-47J 4' 2" 76 Jack 
135-46 2'4 » '4 20 135-48 2" 10 32 
135-461 211 u" 76 Jack 135-481 2" 74 Jock 

Lead-In Bushings 
STEATITE 

135-50  i ,, 6 32 135-52 l'Y' 1¡-20 
135-51   il i;,, 10-32 135-55  6-32 

SPEED-X KEYS, PRACTICE SETS, BUZZERS 
Standard Semi-Automatic Keys 
Improved model, heavy steel base, rubber 

feet. Chrome plated vibrator and hardware. 
Ten adjustments, lowest ad highest speeds. 
Circuit closing switch. Adjustable paddles. 
114-500 ' >" contacts, black wrinkle base. 
114-501 1.1" contacts, polished chrome base. 
114-501 L Sameas114-501except left-handed. 

Amateur Special Model 
Semi-Automatic Key 

Ham favorite, rubber feet, 1." coin silver 
contacts, chrome plated hardware and vibra-
tor, black wrinkle base. 
114-515 Amateur model, semi-automatic. 

Amateur Semi-Automatic Key 
With Switch 

Similar to Amateur Special but has circuit 
closing switch. Smaller, less weight. 
114-510 Semi-Automatic with switch. 

Heavy Duty Keys 
Chrome plated key arm. ' i" coin silver 

contacts. Navy knob. 
114-320 Block wrinkle enamel base. 
114-321 Polished chrome plated biyi-

Standard Keys 
High quality, low cost. Provision for plug-

ging in semi-automatic key. ' x" coin silvei 
CO ntacts. 
114-310 Black wrinkle, less switch. 
114-310S Black wrinkle, with switch. 
114-311 Chrome plated, less switch. 
114-311S Chrome plated with switch. 
114-316 Brass wrinkle, less switch. 

Molded Base Keys 
Black phenolic base. ' J. coin silver contactS. 

Metal parts nickel plated. 
114-301 Less switch. 

Practice Keys 
For beginners. coin silver contacts. 

114-300 Molded brown phenolic base. 

Practice Set 
Constant frequency buzzer 8.r key mounted 

on 4" x 6" phenolic base. 
114-450 Code practice set 

Constant Frequency Buzzer 
Fully odtustable, holds frequency. Uses 

2 dry cells or battery. 
114-400 Constant frequency buzzer. 

PILOT LIGHTS 
A partial listing of the basic JOHNSON pilot light types in greatest demand. Jewel colors 

available are red, green, blue, amber, opal and clear. 
Cat. No. 
147-100 
147-101 
147-103 
1 47-104 
147-106 
147-107 
1 47-300 
1 47-301 
147-303 
1 47-304 
1 47-306 
1 47-307 
1 47-400 
1 47-401 
1 47-403 
1 47-404 
147-800 
147-801 

Jewel Socket 
1" Faceted Min. Scr. 
1" Smooth Min. Scr. 
1" Faceted Cond. Scr. 
1 Smooth Cond. Scr. 
1" Faceted Min. Bay. 
1" Smooth Min. Bay. 
' 2" Faceted Min. Scr. 
'." Smooth Min. Scr. 
172" Faceted Cand. Scr. 
!," Smooth Cond. Scr. 
I 2" Faceted Min. Boy. 
! 2" Smooth Min. Boy. 
.12" Faceted Min. Scr. 
!u" Smooth Min. Scr. 
12 " Faceted Min Bay. 
' u" Smooth Min. Boy. 
1" Faceted Min. Scr. 
1" Smooth Min. Scr. 

Cat. No. 
147-802 
147-803 
147-804 
147-805 
147-808 
147-1000 
140-1001 
147-1002 
147-1003 
147-1004 
147-1005 
147-1217 
147-1218 
147-1219 



CAPACITORS, INDUCTORS, SOCKETS, INSULATORS, PLUGS 

AND JACKS, KNOBS AND DIALS, AND PILOT LIGHTS 

WASECA MINNESOTA 

TUBE SOCKETS 

Highest Quality Sockets for Every Application 

23-206 Industrial boyonet, beryllium copper contacts. is 4 pin super jumbo. 
scripts in shell. 

23-209 Medium 4 pin bayonet, white glazed porcelain base, metal shell, heavy phosphor 
bronze side wiping contacts. 2 tam' Dia. 
23-209U Same as 209 but with Steatite base and beryllium copper contacts. 
23-210 Same os 209 except contact to shell spacing not as great. 2 I 2' Dia. 
23-211 Standard 50 watt type. Similar to -209 but double filament contacts. 35,.- Dia. 
23-211SB Sarre as 211 but with Steatite base and beryllium copper contacts. 
24-212 Steatite socket for RCA833 or 833A. 5' plate leads. 
23-216 Giant 5 pin Bayonet. For tubes such as 803, RK28. 35.1' Dia. 
23-216SB Some as -216 but with Steatite base and beryllium copper contacts. 
24-213 For Eimac152TL and 304TL. Contacts arranged for either series or parallel filaments. 
24-214 For Eimac 1500TH, with ventilating hole for cooling. 
24-215 For 250 watt tubes such as 204A, 849, etc. The plate terminal has a -safety cup- which 
prevents occidental dislodgement. 

Wafer Types 
Steatite, top and sides glazed. Brass contacts with steel springs cadmium plated. 

22-217 7 pin smog. 122-225 5 pin. 122-227 7 pin medium. 
22-224 4 pin. 122-226 6 pin. 122-228 Octal socket. 
22-237 Giant 7 pin Steatite wafer. For transrpitting tubes such as HK257 and RCA813. With 

diam. ventilating hole not illustrated) in base. 
22-247 7 pin Steatite for tubes such os 826. Etched aluminum shield. 
22-244 4 pin Ste:ride. Sioaer jumbo base tubes such Us 8008. 
22-101 7 pin Steatite wafer with shield, retainer springs and provision for mounting button 
mica bv-Poss capacitors. Designed for VHF use with tubes such as 832. 
22-475 Giant 5 pin Steatite wafer socket for 4-125A, RK48 tubes. Ventilation holes in base. 

Miniature Sockets 
20-267 all ceramic, 7 pin. 
20-271B with shield base, 7 pin. 
33-277S shteld base only. 

JAN Miniature Sockets 
op mounting, saddle type sockets per JAN 
nec.  
20-177 7 Pin. 
20-199 9 Pin, 

PLUGS A 

Banana Spring Type 
Accurately turned from brass, with milled 

ruts and tinned terminais. Nickel plated. 
slickel-silver springs (other metals optional). 
.ow contact réfisionce, high current capacity. 
-75 seriez plugs fit -- 74 serres Jacks, - 77 

Cries pluas fit - 76 jock. - 7451 and -7452 
lave 't'aider' phenolic hods. 

JACKS 
108-74 ' 4-213 u", thread. 
108-7451 '4-28 ' 2 thread, red. 
108-7452 1.y- :t1tu L thread, black, 
108-76 3,, -24 x thread. 

PLUGS 
108-75 6-32 x thread. 
108-75A 6-32 X '4 thread. 
108-758B ssti'j handle, black. 
108-75BR r x 1 handle, red. 
108-75C 6 -32 x ' ru screw. 
108-77 10-32 x jr, thread. 
I08-77A 10-32 x '.1" screw. 
108-77811 u 1'4 handle, black. 
I08-77BR x 1 handle, red. 

Shields For Socket 

133-278-6 1 ,;" High, N.P. Brass. 

133-278-7 13 ï" High, N.P. Brass. 

133-278-8 ' s" High, N.P. Brass. 

133-278-9 1' 2" High, N.P. Brass. 

133-278-10 High, N.P. Bross. 

133-278-11 21kI" High, N.P. Brass. 

177,277 

177,277 

177,277 

199 

199 

199 

ND JACKS 

Tip Jacks and Plugs 
PLASTIC HEAD TIP JACKS 

Attractively colored strong Plaskon heads, 
accurately threaded 14-32 with milled hex 
nut und insulahhg washers far a ,¡ hole. 
Car. No. Color Cat. No. Color 
105-520 . Red 105-526 Orange 
105-521 Black 105-527 Yellow 
105-522..Dk. Green 105-528 Lt Green 
105-524. . Brown 105-529 Dk Blue 
105-525 Lt. Blue 105-530 Ivory 

Molded Tip Jacks 
I duty type. Nickel ploted brou body 

molded into phenolic head. 40 thread, and 
insulating washers for t). hale. 
No. 105-418 Red No. 105-419 Black 

All Metal Tip Jack 
Nickel plated brass, hex head, í-32 

thread, with insulating washers for Ij; hale. 
105 1 similar but headless, no nut or washers, 
for mounting in ' j-32 tapped panel hale. 
No. 105-417 No. 105-1 

Solderless Tip Plugs 
No. 105-15 ni6 prong 
No. 105-415 prong 
No. 105-14 Long, sharpened point. 

NYLON TIP JACKS 

Zompletely insulated jack, body molded from low- loss Nylon. Threaded ';- 32, jack mounts with 
ingle nut. Overall dimensions; dtameter length Available with beryllium copper or 
›hosphor bronze contact. 

Cont. 
_at. No. 

105-601-1 
105-602-1 
105-603-1 
105-604-1 
105-605-1 

P B. Cont. 
Cot. No. 
105-601-2 
105-602-2 
105-603-2 
105-604-2 

Color 
White 
Red 
Black 
Dark Green 

B.C. Cons. 
Cat. No. 
105-606-1 
105-607-1 
105-608-1 
105-609-1 

105-605-2 Light Blue 105-610-1 
105-611-1 105-611-2 Ivory 

P.B Cont. 
Cat. No. 
105-606-2 
105-607-2 
105-608-2 
105-609-2 
105-610-2 

Caler 

Orange 
Yellow 

tigbi Crr., 
Dcrk Blue 

-247 -101 

- 
s-kreseere-t--

-244 

y 

, 

-237 

-277B 

-77BB 

-77BR 

-75BB 

-75BR -75C -75 -74 
-75A 

-209, -210 
-211, -216 

-275 

«I* 
-228 

-267 

-2788 

err' 
' 

-77 -77A -76 

-7451 -418 
-7452 -419 

ft 

-417 

411114,./ 

-520 
thru 
-530 

- 601 
(bru 
- 611 
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one 15 watts—CW 17 watts 

RCA-5763 Minia-
ture Beam Power 
Tube: An RCA-6AK6 
will drive it to full 
input of 17 watts cw 
15 watts phone, up 
to 175 Mc, with low-
cost 300-volt power 
Supply. Can be 
modulated with RCA-
6AQ5's, class Alk. 

RCA-6146 Beam 
Power Tube: This 
compact, efficient, 
new tube takes an 
input of 90 watts on 
cw, and 67.5 watts 
on phone up to 60 Mc. 
At 150 Mc it will still 
take an input of 65 
watts on cw, and over 
48 watts on phone. 

hone, 260 watts — CW 345 

RCA 4-65A Tetrode: 
To obtain high power 
with low grid drive, 
drive the 4-65A to 
full input with an 
RCA-6A07, and mod-
ulate with a pair of 
RCA-811A's in class 
B. Takes input of 345 
watts cw, 260 watts 
phone, up to 50 Mc. 

RCA- 810 Power 
Triode: An RCA-807 
will drive this tube to 
a full 750 watts input 
on cw and 500 watts 
on phone. Can be 
operated at full rat-
ings up to 30 Mc. Can 
be modulated with 
a pair of RCA-811A's 
operated class B. 

rlá 

Phone, 27 watts — CW, 40 watts 

RCA-2E26 Beam Power 
Tube: With an RCA-6AG7 
driver and a pair of 
RCA-616's as modulators, 
the 2E26 will handle a 
full 40- watts input on cw, 
and 27 watts on phone, 
up to 125 Mc ... or 150 
Mc at reduced input. 

RCA-829-B Twin Beam 
Power Tube: Ideal for 
the VHF bands, this tube 
can be operated at full 
ratings up to 200 Mc with 
an RCA-2E26 driver and 
two RCA-807's used as 
a class B modulator. 

Phone 375 watts—CW 500 watts 

RCA 4-125A/4D21 
Tetrode: Takes inputs of 
500 watts on cw, 375 
watts on phone up to 
120 Mc. Easily driven by 
single RCA-2E26, and 
modulated by a pair of 
RCA-811A's operated 
class 8. 

RCA-833-A Power 
Triode: "King of the 
finals"—this tube loafs 
along at a kilowatt input 
on cw and phone. Can be 
driven with an RCA-
812-A and modulated 
with a pair of RCA-810's 
operated class B. 

nil 

nir 

Phone, 60 watts — CW, 75 watt 

RCA-807 Beam Powe 
Tube: You can drive th 
807 with an RCA-6AG7 
modulate it with RCA-
616's in class AB,, and 
obtain 75-watts input o 
cw and 60 watts on 
phone with a low-voltar 
power supply. Full 
ratings to 60 Mc. 

RCA 811-A and 812-A 
kl•-h-Perveance 
Triodes: A single RCA-
812-A takes inputs of 2i 
watts on cw and 175 
watts on phone, and is 
easily driven by a singl 
RCA-2E26. A pair of RC, 
811A's in class B will 
modulate an RCA 4-65A 
4-125A, 813, or 810. 

Phone, 400 watts — CW, 500 wi 
.4111111111MINIMIlls 

RCA-813 Beam Power 
Tube: A high-power 
favorite. Operates effi-
ciently over a wide range 
of plate voltages. 500 
watts input on cw 
400 watts on phone. An 
RCA-2E26 will drive it at 
full ratings up to 60 Mc. 

RCA 4-250A/SD22 
Tetrode: A single RCA 
4-250A will handle a 
kilowatt input on cw. A 
pair will take a kilowatt 
input on phone. A single 
RCA 4-250A requires only 
2 to 3 watts driving 
power. Full input up to 
85 Mc. 



and there's a dependable 
RCA tube for it umBreimmi 

RCA has the most complete line of trans-
mitting and receiving type tubes in the 

amateur field. No matter what type of 

equipment you are planning, you will find 

RCA tube types to meet your needs effi-

ciently and economically. 

RCA has a popular tube for every ama-

teur service, every power, and every band. 

To get maximum power, performance, and 

life from the tubes you use, buy RCA tubes 

from your local RCA Tube Distributor. 

For technical data on specific tube types, 

see your local RCA Tube Distributor, or 

write RCA, Commercial Engineering, Sec-

tion 35AM, Harrison, N. J. 

Don't miss RCA HAM TIPS. It's pub-
lished bi-monthly, and distributed 
free through your local RCA Tube 
Distributor. 

p‘r 

RCA Specialized Tubes 

ior Commercial and 

Industrial Applications 

• Cold-Cathode Types 

• Cathode- Ray Tubes 

• Gas & Vacuum Phototubes 

• High Power RF Types 

• Ignitrons 

• Klystrons 

• Low-Microphonic Types 

• Magnetrons 

• Multiplier Phototubes 

• Special Red" Tubes 

• Thyratrons 

• Transducer Tube 

• TV Camera Tubes 

• UHF " Pencil" Triodes 

• Vacuum & Gas Rectifier Tubes 

• Vacuum-Gauge Tubes 

• Voltage Regulator Tubes 

for information on specialized 

types, write RCA, Commercial 

Engineering, Section 35AM, 

Harrison, New Jersey, 

RADIO CORPORATION of AMERICA 
ELECTRON TUBES 

RCA-5R4GY Full-Wave 
Vacuum Rectifier: For 
low-voltage power sup-
plies.A single RCA-5R4GY 
in a full-wave circuit 
with choke input will de-
liver 175 ma at 750 volts. 

MIR 
RCA-816 Mercury-
Vapor Rectifier: For )1 medium-voltage power 
supplies. Two RCA-816's 
in a full-wave circuit 

1, with choke input will sup-
' ply 250 ma at 2380 volts. 
I* 

HARRISON, N.J. 

«Met 
RCA-866A Mercury-
Vapor Rectifier: For 
high-voltage power sup-
plies. Two RCA-866A's 
in a full-wave circuit 
with choke input will 
deliver 500 ma at 
3180 volts. 
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LINEAR STANDARD 
High Fideli ,y Ideal 

COMMERCIAL GRADE 
Industriol Dependability 

VARIABLE INDUCTOR 
Adjust like o Trimmer 

PULSE TRANSFORMERS 
For all Services 

VERTICAL SHELLS 
Husky . . Inexpensive 

COMPONENTS FOR EVERY APPLICATION 

HIPERM ALLOY 
High Fidelity . . Compact 

SPECIAL SERIES 
Quality for the " Horn" 

TOROID HIGH 0 COILS 
Accuracy . . Stability 

SATURABLE REACTORS 
Power or Phase Control 

POWER COMPONENTS 
Rugged . Dependable 

TOROID FILTERS 
Any type to 300KC 

LARGE UNITS 
To 100KW Broadcast 

OUNCER 
Wide Range ... I ounce 

VARITRAN 
Voltage Adjustors 

MU-CORE FILTERS 
Any type V, — 10.000 cyc. 

PLUG-IN TYPE 
Quick change service 

LINE ADJUSTORS 
Match any line roltage 

EXPORT DIVISION 13 EAST 10th STREET. IA, N Y., CASUS: "ARIAS ' 

SUB OUNCER 
W e'q h ' 7, ounce 

MODULATION UNITS 
One wog to 100KW 

EQUALIZERS 
Broadcast & Sound 

CABLE TYPE 
For mike cable tine 

CHANNEL FRAME 
Simple tow cost 



your complete sue/peewee kr 
fo 

amateur station supplies 

  industrial electronic equipment 

EVERYTHING IN STOCK FOR QUICK DELIVERY 

Depend on ALLIED—your one-supply-source—to bring you 
all the products of each of the dependable manufacturers 
represented in the Handbook. We carry the most complete 
stocks of Amateur station supplies—and, of course, we can 
supply all the components you'll need to build any circuit 
described in this or in any other publication. You can 
depend on ALLIED to give you every buying advantage: 
money-saving values, complete lines of top-grade equipment, 
fast shipment, easiest-terms, unbeatable trade-ins, 15-day 
trial on communications receivers—and real day-in, day-out 
help from our staff of old-time Hams. You'll find that 
whether you're buying electronic equipment for your 
station or for your work in industry, it pays to be 
"equipped by ALLIED." 

FREE 236- PAGE BUYING GUIDE 

You'll find everything you need 
in this latest 236-page ALLIED 
Catalog— not only all the station 
supplies you want, but the 
world's largest selection of 
industrial electronic equipment, 
special tubes, test instruments, 
recording and high-fidelity 
audio equipment, replacement 
parts—all at lowest, money-
saving prices. Get and use the 
ALLIED Catalog—your depend-
able one-source Buying Guide. 

keep if handr 

Allied Radio 

ALLIED RADIO 833 WEST JACKSON BLVD. 

CHICAGO 7, ILLINOIS 
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ALLIED   
your complete 
supply source kr 

AMATEUR & INDUSTRIAL TUBES 
ALLIED maintains in constant 
stock for immediate shipment the 
largest distributor inventory of 
RCA special-purpose tubes for 
Amateur, industrial, broadcast, 
governmental and other uses. 
Phone, wire or write—we ship 
from stock to you within hours 
after we receive your order. Save 
time, effort and money—order all 
your RCA tubes from ALLIED— 
your complete, dependable elec-
tronic supply source. 

RCA 
AMATEUR & INDUSTRIAL TUBES 

TEST INSTRUMENTS & PARTS 

RCA TEST INSTRUMENTS 
Order your RCA lab measurement instruments 
from our extensive stock. We can supply promptly 
all RCA test apparatus, including the following: 
WO-56A 7" Oscilloscope $217.50 
WO-88A 5" Oscilloscope  159.50 
WR-39C TV Calibrator  242.50 
WR-59C TV Sweep Generator   274.50 
WV-77A Junior VoltOhmyst*  47.50 
WV-97A Senior VoltOhmyst*  67.50 
WV-87A Master VoltOhmyst*  112.50 

*T. M. Reg. Prom subject to change 

We are also leading suppliers of RCA parts, TV components, speakers and batteries. 
Simplify and speed your purchases—send us your orders for all RCA equipment—get 
quick, expert shipment from our complete stocks of Amateur and Industrial equipment. 

236-Page ALLIED Buying Guide 
Write for your FREE copy of the 
latest ALLIED Catalog—the only 
complete Buying Guide for all 
Amateur and Industrial Elec-
tronic Equipment. Lists all new 
developments— includes all the 
RCA equipment you need. Be 
sure to get and use your 236-
page ALLIED Catalog. 

66 
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ALLIED RADIO 833 WEST JACKSON BLVD. 
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Gefeelee":".\ 

HT-20 TransmItter 
$449.50 

Order your HALLICRAFTERS 
Communications Receivers 
and Transmitters from ALLIED. 
For complete descriptions, see 
the HALLICRAFTERS section in 
this Handbook. Get every buy-
ing advantage at ALLIED— 
complete selections—quick de-
livery from stock—easiest 
terms- 15-day trial— expert. 
dependable service from 
ALLIED'S staff of experienced 
Amateurs. Choose HALLI-
CRAFTERS—world-famous for 
precision communications per-
formance— and order your 
HALLICRAFTERS from ALLIED. 

Prices subject to change 

236-Page ALLIED Buying Guide 

Write for your FREE copy of the 

latest ALLIED Catalog—the only 

complete Buying Guide for all 

Amateur and Industrial Elec-

tronic Equipment. Lists all the 

newest developments, including 

a full selection of all Hallicrafters 

equipment. Be sure to get and 

use your 236- page ALLIED 

Catalog. 

hallicrafters 
PRECISION RECEIVERS 

AND TRANSMITTERS 

S - 76 Receiver 
4179.50 

WE STOCK ALL 

HALLICRAFTERS 

MODELS 

1 
Look to ALLIED for quick, expert service on all 
HALLICRAFTERS equipment. We can supply all of 
t lu. following models from stock: 

5X-71 Double I.F. Receiver   $224.50 
S-72 4-Band Portable Receiver  109.95 
S-40B Communications Receiver  I 19.95 
5-77A AC-DC Receiver  119.95 
S-53A Communications Receiver  89.95 
SX-62 All- Wave Receiver  299.50 
SX-73 Communications Receiver  975.00 
S-38C low- Cost All-Wave Receiver  49.50 
S-81 "Civic Patrol" Receiver ( 152-173 mc) 49.50 
S-82 "Civic Patrol" Receiver ( 30-50 mc) . 49.50 
R-46 Matching Speaker for Hallicrafters 

Receivers SX-62, SX-71, SX-73, S-76 19.95 

We can supply all HALLICRAFTERS 
"Littlefone" equipment, as well as 
High- Fidelity components ... 

keep if handy 

ALLIED RADIO 833 WEST JACKSON BLVD. 

CHICAGO 7, ILLINOIS 
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ALLIED 
your complete 
sup» sowee 

SPECIAL-PURPOSE 

ELECTRON TUBES 

RAYTHEON 

QUICK, EXPERT SERVICE ON RAYTHEON TUBES 

ALL TYPES IN STOCK 

Subminiatures 

Reliable Subminiatures 

Reliable Miniatures 

Rugged 

Crystal Diodes 

Transistors 

Radiation Counter 

Rectifiers 

Thyratrons 

Voltage Reg. 

X-mitting 

Magnetrons 

Klystrons 

236-Page ALLIED Buying Guide 
Write for your FREE copy of the 
latest ALLIED Catalog—the only 
complete Buying Guide for all 
Amateur and Industrial Elec-
tronic Equipment. Lists everything 
you need — includes complete 
selection of RAYTHEON special-
purpose electron tubes. Be sure 
to get and use yJur 236-page 
ALLIED Catalog. 

Look to ALLIED for quick shipment from 

stock of all types of RAYTHEON special-

purpose electron tubes. We specialize in 

supplying RAYTHEON tubes for Amateur, 

industrial, broadcast, governmental and 

other uses. To save time and money— 

phone, wire or write us—and we'll have 

your RAYTHEON tubes on the way to you 

in just hours. Order your RAYTHEON 

special-purpose tubes—fill all your 

electronic needs at ALLIED—the one 

complete reliable supply source. 

„..,..,.-...,.„. _Al 
Allied Radio 

... .. 

keep haedr 

ALLIED RADIO 833 WEST JACKSON BLVD. 

CHICAGO 7, ILLINOIS 
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your complete 
sup» eource 

236 Page ALLIED Buying Guide 

Write for your FREE copy of the 
latest ALLIED Catalog—the only 
complete Buying Guide for all 
Amateur and Industrial Elec-
tronic Equipment. Features the 
widest selection and largest 
stocks of equipment— includes 
the CHICAGO Transformers you 
need. Get and use your 236-
page ALLIED Catalog now. 

H-TYPE 

Meets all 

MIL-T-27 

specs 

\•• 

Allied Radio 

AMATEUR & INDUSTRIAL 

"Sealed- in-Steel" TRANSFORMERS 

THE WORLD'S TOUGHEST 

Hermetically- Sealed Units 

WE STOCK THE COMPLETE LINE 

We can supply the complete line of 
CHICAGO "Sealed-in-Steel" 
Transformers—units designed to fit 
today's amateur circuits . . . units to 
meet all MIL-T-27 specifications 
for military requirements ... units for 
a wide range of industrial 
applications. Whatever your 
transformer needs, there's nothing 
tougher, nothing better than 
CHICAGO "Sealed-in-Steel" units— 
and ALLIED has them in stock for 
quick shipment. Order from your 
ALLIED Catalog for prompt, 
expert delivery. 

keep if hand, 

ALLIED RADIO 833 WEST JACKSON BLVD. 
CHICAGO 7, ILLINOIS 
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RE your complete 
sup» source for 

MC- 55. 5- Band 
Mobile Converter 
for 10, 15, 20, 40 
& 75 meters. 

$69.50 

Look to ALLIED for quick de-

livery from stock on all RME 
equipment. Take advantage of 

our easy payment terms and 

I5-day trial offer. It pays to be 

equipped by ALLIED where you 

get every buying advantage— 
the largest selection, quickest 
service, and easiest terms. 

RME—now a division of ELEC-

TRO-VOICE — will continue to 

supply Hams with the finest 

and latest in amateur gear. Or-

der your RME equipment from 

ALLIED—and count on us for 

prompt delivery on all new 

RME developments. 

236-Page ALLIED Catalog 

Write for your FREE copy of the 

latest ALLIED Catalog—the only 

complete Buying Guide for all 

Amateur and Industrial Elec-

tronic Equipment. Lists the new-

estdevelopments, including RME 

equipment. Be sure to get and 
use your 2 36- page ALLIED 
Catalog. 

••• 

A Division of 

Electro-Voice 

COMMUNICATIONS 

EQUIPMENT 

MC-53. 3-Band Mobile 
Converter for 2, 6, 10-
11 meters. . $66.60 

MC-57. For 10,20 & 75 
meters  $64.50 

WE STOCK ALL RME EQUIPMENT 

Order your RME gear'from our large 
stocks. We can supply the following 
equipment promptly: 

RME-50 Receiver with speaker... $ 197.50 
VHF-2-11 Communications Receiver 155.00 

CM-2 Carrier Level Meter for above 16.00 
HF-10-20 Converter  92.00 

VHF- 152A Converter  97.00 

DB-22A Preselector  86.00 

MB-3 Boomerang (less speak.-amp.) 33.00 

SP-5 Speaker- Amplifier for MB-3 15.00 

Allied Radio 

Prices subject to change 

keep hamly 

ALLIED RADIO 833 WEST JACKSON BLVD. 

CHICAGO 7, ILLINOIS 
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your complete 
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1 

HARVEY-WELLS 

COMPACT, LOW-PRICED 

TRANSMITTERS 

Bandmaster Deluxe Transmitter. A complete 50-watt phone-CW 

transmitter with instant bandswitehing 80 through 2 meters 
(8 bands). Includes new crystal-oscillator-vfo switching circuit. 

Tubes: 6AQ5 ose., 6AQ5 mutt., 807 final. Speech amplifier for 

crystal mike uses 2-6AU6, I-12AU7 phase by., 2-6L6 mod. Re-

quires APS-50 or DI'S-50 power supply below. Size, 8 x I2.x 8". 

Complete with tubes, less crystal and mike. Shpg. WI., 20 lbs. 

97-792. Bandmaster Deluxe Transmitter  ;137.50 

Bandmaster Senior Transmitter. 50-watt phone-CW as above, but 
for use with single- button carbon microphone. Shpg. wt., 20 lbs. 
97-791. Bandmaster Senior Transmitter  $111.50 

APS-S0 AC Power Pack. For use with above transmitters. Delivers 
425 v. at 275 ma., and 6.3 v. at 4 amps. With 2-5U4G rect. For 110v. 
A.C. 50-60 cycles. 11 x 6%8 x 81/4 ". Shpg. WI., 27 lbs. 
97-698. APS-50 AC Power Pack  $39.50 

DPS-50 Dynamotor. For portable operation of above x-mitters, from 
6v. storage battery. Output: 300 v. at 250 ma. 10 1/4  x 5V4 x 57/8". 
Shpg. WI., 16 lbs. 
97-697. DPS-50 Dynamotor   $87.50 

Order your HARVEY-WELLS equipment from ALLIED. Get 

quick, ex pelt shipment straight from stock. And take advan-

tage of our easiest- pay terms and 15-day trial offer. 

236- Page ALLIED Buying Guide 

Write for your FREE copy of the 

latest ALLIED Catalog— the only 

complete Amateur Buying Guide. 

Lists all the new developments, 

including HARVEY-WELLS equip-

ment. Be sure to get and use 

your 236-page ALLIED Catalog. 

Allied Radio 

Prices subiect 
to change 

keep handy 

ALLIED RADIO 833 WEST JACKSON BLVD. 

CHICAGO 7, ILLINOIS 
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COLLINS Gear for the Amateur 
THE COLLINS 75A-3 

The selectivity curves shown here tell the 
story of a new concept in receiver perform-
ance. The Mechanical Filter recently de-
veloped by Collins and incorporated in the 
75A-3 receiver represents an entirely new ap-
proach to the attainment of selectivity. Using 
resonant mechanical elements rather than 
tuned electrical circuits, the Mechanical Fil-
ter gives a close approach to the ideal rectan-
gular selectivity curve. Each 75A-3 receiver 
has plug-in provisions for two Mechanical 
Filters. A 3 kc Filter is standard factory 
equipment and when still greater selectivity 
for CW operation is desired, the 1 kc plug-
in unit is available as an optional accessory. 
With both the 1 kc and 3 kc Filters in the 
receiver, a switch on the front panel provides 
instantaneous choice of selectivity character-
istics. When required, the crystal filter may 
also be switched into the circuit to notch out 
interfering signals and heterodynes. 
The nearly flat top and sharp cutoff at the 

sides of the selectivity curve of the 3 kc 
Mechanical Filter permit all AM signals to 
be tuned so as to accept the carrier and 
either one of the sidebands at will, while 
the other sideband is rejected. Thus much 
distortion due to fading is eliminated, and 
susceptibility to interference is greatly re-

The Mechanical Filter 
is a resonant mechanical de-
vice that is coupled into the 
receiver's 455 kc IF strip by 
means of magnetostriction. 
As shown here, it consists 
of three general sections: an 
input transducer, a mechan-
ically resonant section con-
sisting of a number of metal 
disks, and an output trans-
ducer. A 455 kc electrical 
signal applied to the input 
terminals is converted to a 
455 kc mechanical vibration 
at the input transducer. This mechanical 
vibration travels through the resonant me-
chanical section to the output transducer, 
and is converted to a 455 kc electrical signal 

duced. Alternatively, both AM and SSSC 
signals may be received with carrier sup-
plied by the BFO; and the ideal selectivity 
curve of the Mechanical Filter permits full 
advantage to be taken of the benefits of 
local carrier reinsertion. 
Because of the Mechanical Filter's 

straight-sided selectivity curve, the 75A-3 
receiver can be tuned near a strong signal 
without responding to that signal. As the 
receiver is tuned across the band, signals 
suddenly appear and disappear. This is be-
cause of the absence of broad skirts which 
"drag out" the tuning of conventional re-
ceivers. 

All of the proven features of the 75A-2 
have been retained in the 75A-3. These 
features, such as crystal controlled front-
end, highly stable variable frequency oscil-
lator, and accurate dial calibration, to name 
but a few, combine with the new Collins 
Mechanical Filter to give unequalled per-
formance. 
Whether you ragchew, handle traffic, or 

work dx, here is the receiver for solid con-
tacts. The straight-sided, flat-topped, selec-
tivity curve and the excellent frequency sta-
bility of the 75A-3 make it a natural for 
the single-sideband operator. 

which appears at the output terminals. 
The Mechanical Filter is enclosed in a 
hermetically sealed case and requires no 
adjustment. 



SELECTIVITY never before 
achieved in a Communications 
Receiver 

The Collins 75A-3 with Me-
chanical Filter. A 3 kc Mechani-

cal Filter is installed at the factory. 
The Filters are plug-in units, and 
a 1 kc Mechanical Filter may be 

installed at any time. 

The curves above show a comparison between 
the selectivity curve of a good IF strip using nine 
tuned circuits, and typical selectivity available in 
a Collins 75A-3 receiver incorporating a 1 kc and 
a 3 kc Mechanical Filter. When both Mechanical 

ATTENTION 75A-2 OWNERS 

75A-2 ov, ners ( an return their receivers through 
the Distributor to be modified at the factory to in-
corporate the new Mechanical Filter arrangement. 
Modifications can be made, effective immediately, 
and will consist of the installation of a 3 kc Filter, 
minor repairs and complete realignment of the 
equipment. 

Modification, F.O.B. Cedar Rapids  $125.00 

Net Domestic Prices: 

75A-3 receiver including 3 kc Mechanical 
Filter  $530.00 

1 kc Mechanical Filter plug-in unit $75.00 

10-inch speaker in matching cabinet  $20.00 

8R-1 plug-in crystal calibrator  $25.00 

148C-1 plug-in NBFM adapter  $22.50 

8R-1 
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Filters are installed in the receiver, either one may 
be selected at the flip of a switch. These curves 
show performance without the crystal filter. When 
required, the crystal filter may be called into play 
to phase out unwanted signals or heterodynes. 

148C-1 

The 8R-1 100 kc crystal calibrator and the 

148C-1 NBFM adapter, shown above on this 

page, are available as accessories, for plugging 

into completely wired sockets on the top of the 

chassis. The operation of both units may be con-

trolled by switches located on the front panel. 
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The KW- 1's power amplifier assembly 

Dimensions: 
28" wide, 18" deep, 66 1/2" high 

Power Source: 
115 volts or 115/230 volts 50/60 cycle single 
phase grounded neutral 

Net Domestic Price $3  850.00 

COLLIN 
KW-1 Transmitter 

The KW-1 transmitter is engineered to equip the ama-

teur for use of the maximum power permitted. Its 

input is a full 1000 watts on phone and CW. The 

entire transmitter and power supply are integrated in 

an attractive wrinkle finish cabinet. 

The KW- l's frequency range covers the 160, 80, 40, 

20, 15, 11 and 10 meter bands. Complete bandswitching 

of the exciter, driver, and power amplifier Is accom-

plished by a single control on the front panel. This 

reduces to four the number of tuning functions: hand-

switch selection, frequency setting, PA tuning, and PA 

loading. Over any narrow frequency range, it is only 

necessary to adjust the frequency control, which is by 

means of an extremely stable, hermetically sealed mas-
ter oscillator. 

TVI reduction is accomplished by the use of multiple-
tuned circuits at the output frequency on every band. 
A minimum of three circuits at the output frequency 
greatly attenuates not only the second and third har-
monics, but also sub-harmonics. Great care has been 
given to filtering all control and power leads entering 
the exciter-power amplifier compartment, which is itself 
a totally enclosed and shielded structure. A Collins 35C 
low pass filter is incorporated as standard equipment. 
The output network is a conventional pi followed by 
an L section for increased harmonic attenuation. 

The speech amplifier has a peak clipper, and a low 
and high level filter, permitting high-percentage modu-
lation without splatter. 

Tube complement: Oscillator—two 6BA6's. Exciter— 
one 6BA6, four 6AQ3's, one 807W, two VR105's, one 
6A10 ballast tube. Power amplifier—two 4-250A's. 
Speech amplifier—one 12AX7, one 6AL5, two 12AU7's, 
two 6B4G's, two 810's. Rectifiers—two 872A's, one 
5R4GY, three 5V4's. 

Meters: Modulator current, PA plate current, high 
voltage, line voltage, multipurpose meter, antenna am-
meter. Line fuses, plus overload relay in Class C ampli-
fier current lead, provide circuit protection. 



The Collins 32V-3 is a VFO controlled bandswitching 
gang-tuned amateur transmitter, conservatively rated at 

150 watts input on CW and 120 watts input on phone. 

It covers the 80, 40, 20, 15, 11 and 10 meter ham bands 

and is specifically engineered for reduction of TVI. 
The cabinet of the 32V-3 is solid metal, open only in 

front to receive the chassis. Even the handhole at each 

end is lined. There is no liftable lid, and quai ter-inch 

perforations replace slots for ventilation. Thus two 

types of leakage paths have been eliminated. Two pull 

handles have been added for easy removal of the panel 

and chassis. When firmly screwed in place, bare panel 

metal makes proper electrical contact with bare cabinet 

metal, eliminating another leakage path. 
The entire r-f section of the 32V-3 has been com-

pletely enclosed in an outer shield of perforated metal 

which permits adequate ventilation while blocking radi-

ation of troublesome harmonics. 

35C-2 Low Pass Filter 

A coaxial fitting is provided at the rear of the 32V-3 
cabinet. This permits the use of a well shielded trans-
mission line in which the Collins 35C-2 Low Pass Filter 
may be inserted. The 35C-2 is a 52 ohm three-section 
filter which, with approximately 0.2 db insertion loss 
below 29.7 mc, provides approximately 75 db attenua-
tion of harmonic emmissions at the television frequen-
cies. This attentuation is added to that provided in the 
32V-3. Unbalanced output permits grounding of the 
outer conductor of the line and the case of the filter. 
Net Domestic Price   $40.00 

32V-3 
TRANSMITTER 

Low pass filters are installed as follows: both sides 

of the a-c power line and the antenna relay line and 

both sides of the receiver disabling circuit; at the micro-

phone connector and the key circuit; one in each lead 

to each of the two meters. 
The r-f tube line-up: A 6SJ7 VFO, 6AK6 buffer, 

6AG7, 7C5 and 7C5 frequency multipliers, and 4D32 

final amplifier. Speech line-up: A 6SL7 in cascade to 

6SN7 to a pair of 807 modulators, which furnish 60 

watts audio power to modulate the final amplifier. The 

power supply contains a 5Z4 (low voltage) and two 

5R4GY (high voltage) rectifiers, a VR75 bias regu-

lator, one 0A2 and one OB2 oscillator plate voltage 

regulators, and two 0A2 screen voltage limiters. 
Dimensions: 21 1/8" wide, 12 7/16" high, 13 7/8" deep 

Power Source: 115 volts 50/60 cycles a-c 

Shipping Weight: 133 pounds 

Net Domestic Price   $775.00 

70E-8A VFO 

An extremely accurate, stable, variable frequency oscil-

lator. The 70E-8A is permeability tuned, and has a 
linear range of 1600 kc to 2000 kc. Sixteen turns of the 

vernier dial are required to 
cover the 400 kc range. This 
oscillator is factory cali-
brated, using a secondary 
standard continually checked 
against WWV. 

FOR THE BEST IN AMATEUR RADIO, IT'S . . . 

COLLINS RADIO COMPANY, Cedar Rapids, Iowa 

11 W. 42nd St. 
NEW YORK 36 

1930 Hi-Line Drive 
DALLAS 2 

Net Domestic Price 

(dial included) . . $97.50 

2700 W. Olive Ave. 
BURBANK 



THE BEST IN , 

_ 

INSULATION 
Custom Made 

Technical Ceramics 
FOR ELECTRONIC AND ELECTRICAL USES 

SOLD ONLY TO MANUFACTURERS 

AMERICAN LAVA CORPORATION, Chattanooga 5, Tennessee 

5 1sr YEAR OF CERAMIC LEADERSHIP 



Supplied complete 

with 5 color-coded 

plug-in coils 

‘VERSATILE AND COMPACT 
Few inst runient›, vill prove so handy in wan\ 
ways as this versatile B&W Model 600 Dip 
Meter. Ideal for lab, production, service, or 
ham shack use, it provides a quick, accurate 
means for measuring resonant circuit frequen-
cies, spurious emissions and many other tuned 
circuit characteristics. Shaped for easy use in 
today's compact electronic assemblies, highly 
sensitive and accurately calibrated, it incorpor-
ates many features previously found only in 
higher-priced instruments. You'll find dozens 
of uses for it as . 

. • . A Grid Dip Oscillator for determining res-
onant frequencies of tank circuits, anten-
nas, feed line systems, and parasitic cir-
cuits; aligning filters and traps; peaking 
coils, neutralizing and tuning xmit ters 
before power is applied. 

• II . An Absorption Wave Meter for accurately 
identifying the frequency of radiated power 
from various xmitter stages; locating spu-
rious emissions causing troublesome TVI 
and BCI, and many similar uses. 

• . An Auxiliary Signal Generator providing 
,t signal for tracing purposes and for pre-
liminary alignment of receivers, converters, 
and I-F stages. 

• • 

• • 

. An R-F Signal Monitor for audible obser-
vation of hum, audio quality, and other 
audible characteristics of radiated power. 

. For Capacity, Inductance, and "Q" 
measurements in conjunction with other 
components of known value. 

A Quality Instrument Priced Within Reach of All 
Covers 1.75 to 260 mc. i n 5 bands Monitoring jock and B OFF 

Adjustable sensitivity control switch 

,/ Handy wedge-shape for easy 
access in hard-to-get-at places 

si Size 3" x 3" x 7". Weighs only 
2 lbs. 

Rust- proofed chassis, aluminum 
case 

Nf Built-in power supply for 110 
volts A.C. 

Sold by B&W distributors throughout U.S.A. and 

Canada. Data bulletin sent on request. 

BARKER & WILLIAMSON, Inc. 237 Fairfield Avenue, Upper Darby, Pa. 

HP8 11 
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Audio Oscillator 
Freq. Range: 30 to 30,000 cycles. 
Freq. Response: Better than + 1 
DB. 30 to 15,000 cycles with 
500 ohm load. 

Stability: Better than l 

Heavy 
Duty 

Butterfly 
Variable 

Capacitors 

Low 
Pass 

Filters 

Bases 
and 

Mounting 
Assemblies 

B & W heavy duty butterfly variable capac-
itors with coils integrally mounted pave 
the way for increased efficiency in single-
ended and push-pull circuits. Better L. C. 
ratios at high frequencies, with beam 
power tubes as well as a host of other 
desirable features, are a reality with these 
husky units. These include: compact as-
sembly, shorter tuned circuit leads, 
shorter R. F. paths and optional built-in 
neutralizing condensers. 

B & W Low-Pass Filters are highly effec-
tive in the attenuation of harmonics caus-
ing television interference. Attenuates all 
frequencies above 30 MC 75 DB or more 
throughout the entire TV band. Two 
"M" derived end sections and three mid-
sections of the constant "K" type are 
used. Each section is contained in a com-
pletely sealed copper compartment to 
prevent inductive transfer of unwanted 
frequencies from section to section. 

These accessories permit compact assem-
blies with companion units such as capac-
itors, jack bars, plug-in coils, and links. 
Two groups are available, one for open 
wire plug-in swinging links, and another 
for Faraday Shielded links. Assemblies 
include a jack bar, arm and hinge, link 
(open wire or shielded), and either a 
metal bottom plate or capacitor mount-
ing bracket. Individual parts may be 
purchased. 

Distortion Meter 
Freq. Range: Fundamentals f nun 

30 to 15,000 cycles. Measures 
harmonics to 45,000 cycles. 

Sensitivity: .3 volts minimum in-
put required. 

Frequency Meter 
I' req. Range: 0 to 30,000 cycles. 
Sensitivity: 0.25 volts minimum 

input required. 
Ware Form: Any form with peak 

ratios less than 8:1. 

ARKER St WILLIAMSON, INC. 



EQUIPMENT 
Having 25% of the frontal area of the 
Heavy Duty Type, these split-stator vari-
able capacitors are ideal for medium 
power triode or tetrode stage plate cir-
cuits and many other applications. Heavy 
rounded edge plates permit ratings up to 
2500 volts dc unmodulated and 1500 
volts dc in modulated final amplifier cir-
cuits. Design provides peak efficiency 
and more power in less space. 

This compact, versatile unit is in keeping 
with modern trends toward miniaturiza-
tion. Operated w ith either crystal or VFO. 
it serves as an exciter for a high powered 
rig or as a low powered transmitter with 
a full 30 watt of output on the amateur 
hands including 80- 40- 20- 15- 11 and 
10 meters. It avoids the most laborious 
and time consuming part of the job dur-
ing construction of a new transmitter. 

Provides an efficient watertight insulated 
connector for center-feed antenna sys-
tems using coaxial cable for feed lines. 

Light in weight, it will withstand pull-
ing strains up to 500 lbs. 

B & W Rotary Coils are available for all 
medium and high power requirements of 
pi- network, final circuits, and antenna 
coupling and loading units. 500-watt 
units are supplied with inductances of 1.6, 
6.2, 15, and 72 micro- henries, 1000-watt 
types with 60 or 96 micro- henries. 

INSTRUMENTS 

Sine Wave Clipper 
Does the work of a square 
wave generator costing 
many times more. Speeds 
accurate circuit analysis. 

Linear Detector 
Pro% ides Ft - I deteit ion and 
audio bridging circuits. It 
is an invaluable accessor% 
for distortion meters lick-
ing these features. 

Junior 
Butterfly 
Variable 

Capacitors 

504 
Multiplier 

CC 50 

Coaxial 
Connector 

Rotary 
Coils 

BALUN INDUCTORS 
Match ohm tinhil . . 

anced output s - and 300 ohninL715 

anced feed li nes. T o" tof th ese sturdy hifirar 

t_tr-.vvo as halun i 

cluctors serve n. (caiJettrir ‘muitihand (es8tii: 

to 10 meters) unit for 
matching feed line 
systems to both t  
nUtters anti receirerss: 

WRITE FOR FREE CATALOG 

237 Fairfield Ave., Upper Darby, Pa. 



WHEREVER THE CIRCUIT SAYS -'\M-

ADVANCED TYPE TYPE BT RESISTORS . 

meet JAN-R-11 Specifications at 1/2 , Yz, 1 and 
2 watts. Small size BTB specially designed for 
miniature 2 watt requirements. Type BT's are suited 
to television and similar exacting circuits. Extremely 
low operating temperature. Excellent power dis-
sipation. 330 ohms to 22 megohms in RMA range 

(Fully described in Catalog RDC8.) 

BW INSULATED WIRE 
, WOUND RESISTORS 

Exceptionally stable, inexpensive low wattage 
wire wound resistors. 1/2, 1 and 2 watts — 
0.24 ohms to 8,200 ohms in RMA ranges. 50% 
to 100% overloads can be applied with 
negligible change, and return to initial value. 

(Fully described in Catalog RDC8.) 

NEWLY DEVELOPED TYPE ID 
VOLUME CONTROL 

15/i6"  diameter e Q's 
to smallest cha big- set 
requirements. Interchangeable Fixed Shaft fea-
ture ( 13 special shafts) gives coverage of 90% 
of AM, FM and TV needs. Knob Master Fixed 
Shaft fits most push-on knobs without alteration. 
Range: 500 ohms to 10 megohms. Accom-
modate Type '76 Switch. 

(Fully described in Catalog RDC1-A.) 

2 WATT 
• RHEOSTAT-POTENTIOMETER 
D and 
balanced performance in every characteristic. 
2 watt, variable wire-wound W Controls pro-
vide maximum adaptability to most rheostat 
and potentiometer applications within their 
power rating. Size PA" by 9À6". Resistance 
values: 2 ohms to 10,000 ohms. 

(Fully described in Catalog RDC1-A.) 
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POWER WIRE WOUND RESISTORS 
Fixed and adjustable Power Wire Vv'ound-10 to 
200 watts— handle full rated power in all standard 
ranges, require no derating at high ranges. Dark, 
rough coating dissipates heat more rapidly. Unique 
terminals assure easy installation. 10 and 20 watt 
fixed types have lead and lug terminal, and lug 
may be clipped off for space saving in crowded 
chassis. Permanent, fadeless marking shows type, 
size, resistance. 

Where limited space is a factor, Type FRW Flat 
Wire Wounds give higher space- power ratio 
than standard tubular types. Construction allows 
easy vertical or horizontal mounting, singly or 
in stacks. 

(Fully described in Catalogs ROC-5 and RC- 1.) 
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For ganged controls, IRC MULTISECTIONS are 
added to 0 controls like switches to provide 
an endless variety of duals, triples and quad-
ruples. Available in 17 values from 1000 ohms 
to 10 megohms. MULTISECTIONS are as easily 
and quickly attached as switches— and duals 
will accommodate Type 76 switches. 

ASSEMBLED MULTISECTIO/T (Fully described in Catalog RDC1-A) 

AND SINGLE CONTROL 

FLAT INSULATED WIRE 
WOUND RESISTORS 

Unsurpassed for adoptability to an extremely 
wide variety of design requirements. Radical 
design features impervious phenolic compound 
casing, special metal mounting bracket that 
actually speeds transfer of heat from inside 
chassis. Space-saving MW's afford unusual 
flexibility in providing taps for voltage dividing 
applications. 

(Fully described in Catalog RB-2.) 

PRECISION WIRE 

WOUND RESISTORS 
Combine the maximum in accuracy acid depen-
dability. Widely used in precision test equip-
ment. 1% accuracy is standard; closer 
tolerances available at slightly increased cost. 

(Completely described in Catalog RDC-6.) 

INTERNATIONAL RESISTANCE ,COMPANY  
401 N. Broad Street Philadelphia 8, Pa. 

in Canada: International Resliik. nce Co., Ltd., Toronto, Licensee 

Other 
Products 
in IRC's com-
plete resistor 
line are describ-
ed on the 
following 
pages. 



CLOSE TOLERANCE 
DEPOSITED CARBON PRECISTORS 

e 

tolerance, stability and economy. Pure crystalline 
carbon bonded to selected ceramic cores over-
comes limitations of carbon composition resistors 
and higher cost of precision wire wounds. 
PRECISTORS offer wide range of values, guaran-
teed accuracy, high stability, low voltage coeffi-
cient, excellent frequency characteristics, 

predictable temperature coefficient. 

(Fully described in Catalog ROC-3.) 

to 90 watts. Special construction, with resistance 
film bonded to steatite ceramic form, provides 
stable resistors of low inductance and capacity. 
Type MPM's are miniature 1/4  watt units for 

small- space, high frequency receiver applica-
tions. 

(Fully described in Catalog RE-1.) 

roducts in IRC's 

resistor line 

• ed on the 
ages. 



SEALED VOLTMETER MULTIPLIERS 
Dependable multipliers for use under the most 

severe humidity conditions, Type MF Resistors 
consist of a number of IRC Precisions interconnected 
and hermetically sealed in a glazed ceramic tube. 
Compact, rugged, stable, fully moisture- proof and 
easy to install. Maximum current: 1.0 M.A.; 0.5 
megohms to 6 megohms. 

(Fully described in Catalog RD- 2.) 

MATCHED PAIR RESISTORS 
Two resistors matched in series or parallel to 
as close as 1% initial accuracy. Dependable 
low-cost solution to close tolerance require-
ments. Both Types BT and BW resistors are 
available in matched pairs. Tolerances from 
+5% to + 1% can be furnished. 

(Fully described in Catalog RB-3.) 

INSULATED CHOKES 
Ideal for TV and similar circuits. Wide range 
of size and characteristic combinations permit 
accurate specification to individual require-
ments. Types CIA and CL-1 Chokes are fully 
insulated in molded phenolic housings— pro-
tected from high humidity, abrasion, physical 
damage or shorting to chassis. 

(Completely described in Catalog RDC7J 

IRC RESIST-O-GUIDE 
151! r — 

¡Mew aid in easy resistor range identification. Turn 3 wheels -  
RP.Sill'OzGuide to correspond with color code on resistors and standard RMA 
:1Range is automatically indicated. 15c at all IRC Distributors. 

When ordering direct, send stamps or coin. 

For full information on any of IRC's many resistor types, write 
today for catalog bulletins in which you are interested. Also, 
ask for the name of your IRC Distributor. 

INTERNATIONA ESISTANCE COMPANY 
401 N. Broad Street Philadelphia 8, Pa. 

In Canada: International Resi ncc Co., Ltd., Toronto, licensee 



One of the many laboratory de-
velopments is seen in the sealing 
of a glass envelope on the G-9 
crystal holder. 

Wherever there's a need for crystals — old type or 

wholly new in design—consult JAMES KNIGHTS first. 

FOR YESTERDAY 41 
This JK H-11—developed in the mid-'30s 
for aircraft communications — is one of 

.....tojt s.„ many old-time crystals still made by JK. 

TODAY 
Typifying wide current usage of 
JK crystals is the JK T-9, so 
popular for frequency standards. 

AND TOMORROW 
Every day finds dramatic new uses for 
the hermetically sealed G-9. This stable 
crystal is used for -audio frequency- work. 

CRYSTALS FOR "HAMS" — OR HELICOPTERS! 

Wherever you look in industry and science, 
you will find James Knights crystals forging 
America's future. For the JK ability to pioneer 
into new fields of crystal design and adaptation 
— even as the company is producing the more 
common, "garden variety" crystals — has 
made James Knights the SURE source, what-
ever the use. 

Whether it be atomic research, a crystal for a 
commercial watch timer, or an amateur desir-
ing a frequency control for his transmitter, 
you'll find the crystal answer at James Knights. 

FOR THE 

For a rapid scanning of the dozens of various type precision crystals 
available for you at James Knights, write for this free JK catalog. 

The James Knights Company SANDWICH 7, ILLINOIS 
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AMPHENOL 
AMATEUR ANTENNA KIT 

Antenna Frequency 

'Trim Length al 
Antenna Irmo Ctutir 

to Each End 

139-080 
80 Meter 

139-040 
40 Meter 

139-020 
20 Meter 

15 Meter 

13 9-0 10 
10 Meter 

For Shortwave 
Reception 
139-040 

28 0 mc 
28.5 
29.0 
29.5 

9.6 mc 
(3) Meters) 
12.2 mc 
(25 Meters) 

3.5 mc 
3.6 
3.7 
3.8 
3.9 
4.0 

7.0 mc 
7.1 
7.2 
7.3 

14.0 mc 
14.1 
14.2 
143 
14.4 

66' 8" 
64' 10" 
63' 2" 
61' 5" 
59' 11" 
58' 4" 

33'8" 
33'3" 
32'9" 
32'5" 

17' 2" 
17' 1" 
16' 11 1/2 " 
16'10" 
16'8" 

Finished 
Overall 
Length 

132 0-
128 4" 
125 0" 
121 6" 
118'6" 
115'4" 

66' 0" 
65' 2" 
64' 2" 
63' 6" 

33' 0" 
32' 10" 
32' 7" 
32' 4" 
32' 0" 

This antenna kit has been designed to meet 
your need for a simple, effective, folded di-
pole antenna system. The efficiency of the 
Amphenol Amateur Antenna for both trans-
mitting and receiving has been demonstrated 
by years of use. 

This antenna is now available in an eco-

21.2 me 11' 7 21' 10" nomical, easy-to-assemble kit form. All the "  
kits are pre-cut to band length and are ready 
for final assembly and installation. Complete 
assembly instructions are included with 

8' 11" 
8' 9" 
8' 7" 
8' 6" 

16'6" 
16'2" 
15'10" 
15'8" 

24' 10" 48' 4" each kit. 
19' 8" 38' 0" 

• NOTE: Includes 8" extra length for splice to insulator. 

RF CONNECTORS 

83-ISP 31-003 83-221 31-002 82-21 

These RF Connectors are unsurpassed for mechani-
cal design and electrical efficiency. They provide 
low-loss continuity in critical RF circuits with little 
or no impedance change or increase in standing-
wave ratio. 
Amphenol RF Connectors are available in Types 

BNC, BN, HN, LC, N, C and the very popular 83 
series, including plugs, jacks, receptacles, adapters, 
etc. All Amphenol RF Connectors meet or surpass 
present rigid government specifications. 

AMPHENOL TWIN— LEAD 

Amphenol Twin-Lead, flat or tubular, 
is made of the finest materials available. 
Manufacture is carried out under con-
stant and rigid inspection. The brown 
pigmented polyethylene permits only a 
minimum of RF loss and assures constant 
impedance. 

Amphenol flat twin-lead is available in a variety 
• of types and sizes. The patented 14-271 Tubular 
Twin-Lead is ideal for use where RF loss must be 
kept to a bare minimum at all times. It is unaffected 
by age or adverse weather conditions. 

MICROPHONE CONNECTORS 

n 

75 Series Connectors 

triairarineerritiegi egltinno 
80 Series Connectors 91 Series Connectors 

Amphenol manufactures an extensive line of 
connectors to fit practically all makes of micro-
phones. 
The 75-MC1F Microphone Connectors, illus-

trated above, function as either male or female 
fitting so that in use, a mating connection is 
always ready for instant application. 

Distinctively styled, Amphenol's 75-MC1F, 
single contact, shielded cable type microphone 
connectors are made of chrome plated ma-
chined brass. They will accommodate cables 
up to 1/4 " diameter. 
The 75 Series connectors include jacks, plugs, 

receptacles, switch, etc. See them at your 
Amphenol Distributor. 
The 80 Series, single and double contact 

connectors are designed for shielded cables 
and have many uses in both audio and RF cir-
cuits. Obtainable in any combination of male 
or female cable connectors or as chassis units. 
The 91 Series includes both three and four 

contact connectors, polarized to prevent in-
correct insertion. They are procurable as plugs, 
cable jacks and chassis receptacles in any com-
bination of male or female types. 
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BARRIER TYPE INDUSTRIAL OCTAL SOCKETS 

You are assured of peak performance 
and the utmost in dependability when 
you use Amphenol Industrial Sock-
ets. These sockets are molded in one 
piece of Melamine which provides 
high arc-resistance. The rugged in-
sulating barriers provide a long creep-
age path between contacts and to 
ground. The patented "clover leaf" 
contacts are removable. RMA num-
bered reversible screw type terminals 
simplify wiring and permit the use of 
wiring harness and terminal lug con-
nections. Illustrated is the top mounted 
146-103 socket. Bottom mounting in-
dustrial sockets, high voltage barrier 
type sockets, barrier type miniature 
sockets and sockets for jumbo tubes 
are also available. 

STEATITE TRANSMITTING TYPE TUBE SOCKETS 

These Sockets are designed for use 
where other, less rugged, sockets can-
not do the job. They are made of 
low-loss Amphenol Steatite and fea-
ture the "clover leaf" contacts that 
provide four full lines of contact. 
Barriers provide long creepage paths 
that prevent arcing and flashover. 
Available in various sizes with 4, 5, 
6, 7 and 8 contacts 

MINIATURE 7 AND 9 PIN SOCKETS 

Amphenol has a complete line of min-
iature 7 and 9 pin sockets for every 
application. Materials used are the 
best available, including black bake-
lite, mica-filled bakelite. Steatite and 
Amphenol's own Ethylon-A. which 
has an exceptionally high "Q" factor 
and low- loss. Zip- In sockets are 
molded of Ethylon-A, a resilient di-
electric. and need no mounting plate 
or retainer ring. 

''MIP" SOCKETS 

The world's strongest socket! The 
plated steel mounting plate is molded 
right into the solid bakelite body. It 
cannot come loose or vibrate, reduc-
ing the possibility of tube micro-
phonics. Two holes in each contact 
provide wiring and anchoring points 
for resistors, condensers, chokes, etc. 
These sockets are available in black 
bakelite or mica-filled bakelite in a 
wide variety of contact arrangements. 
Compact MIP sockets are also avail-
able for 8 pin Octal and Loktal tubes. 

"S" SOCKETS and "CP" PLUGS 

"S" Sockets and "CP" Plugs mate with 
each other. They feature the Amphenol 
retainer ring design. Mount without screws 
or rivets on panel or chassis. These sockets 
and plugs are extremely compact in size, 
ruggedly built for trouble free service. 
Available in black bakelite or mica-filled 
bakelite. "S" type sockets are also avail-
able in Amphenol Steatite. They are avail-
able in a variety of sizes, with the number 
of contacts ranging from 4 to 11. Supplied 
with retainer rings for chassis mounting. 
Plugs and sockets are also available with 
plates for replacement use and caps for 
cord connectors. 

reowt Atmideed Dedereatet 
has what you need in the way of radio and 
electronic components. You'll save time by see-
ing him for the part you want. All the com-
ponents listed on these pages, and many others 
in addition, are carried in his stock and are 
immediately available. 

7,7 

COAX and TWINAX 

Amphenol cables are produced in strict 
conformity to the rigid military specifica-
tions. Constant checks and inspections are 
made to assure the best in mechanical and 
electrical construction. 

Utilizing Amphenol coaxial cable will 
help a great deal in reducing line pickup 
which causes television interference. 
Most of the RF cables in the Amphenol 

line have top grade polyethylene dielectric 
for low-loss, flexibility and mechanical 
stability. Amphenol also has available a 
complete line of cables with Teflon di-
electric for high temperature applications. 
Coax and Twinax are available from 

Amphenol in a wide variety of types and 
sizes. 
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AN CONNECTORS 

For Power, Signal and Control Circuits in Radio 
and Electronic Equipment, Amphenol has the most 
complete line of AN Connectors offered by any 
single manufacturer in the world. Many of the de-
sign features included in the MIL-C-5015A Speci-
fication were originated and developed by Amphenol 
Engineers. 

Features of the Amphenol AN Connectors are: 

• Lowest Milivolt drop. 
• Coupling rings machined from solid aluminum 

bar stock. Extra high tensile strength (53,000 
pounds). 

• Amphenol non-rotating contacts for easy, fast 
soldering. 

• Coupling rings and assembly screws drilled 
for safety wiring. 

• Simple assembly requiring no special tools or 
jigs. 

Specifying Amphenol AN Connectors is your as-
surance of getting the proper connector fur the job 
and of getting the best quality in AN Connectors. 

RACK and PANEL CONNECTORS 

These connectors for rack and panel mounting are 
available with 11. 15 or 20 contacts. All have eyelets 
inserted in the mounting holes for added strength. 
holes for wiring and interlocking barriers to prevent 
accidental shorting. They can be supplied with or 
without the protective can and cable clamp. Voltage 
rating is 500 volts. 60 CPS at sea level. Mounting 
screw spacing on 11 contact is .864; on 15 contact, 
1.188-; and on the 20 contact, 1.620. 

FM and TV ANTENNAS 

The Amphenol Inline Antenna is the superior all-
channel VHF television antenna. It is available in 
single bay or stacked as high as four bays depending 
on the need for signal strength. Amphenol also has a 
Piggy Back Antenna for installations requiring sep-

--arate orientation of the high and low bands, a corn-
--- plete line of UHF TV antennas and a line of FM 

antennas for the best in High Fidelity reception. 

HEAVY DUTY RADIO CONNECTORS 

Compact, lightweight, used extensively for 
connecting various units of transmitters and 
testing apparatus and as power connectors 
for mobile transmitters and receivers. Com-
pletely encased in heavy drawn brass cad-
mium plated shell. Entirely free of shock 
hazard—will not radiate RF. Polarized shell 
permits 4 different element positions for 
added circuit protection. Plugs, jacks and 
receptacles available in 4, 5, 6, 8 and 12 
contacts. 

A GENERAL CATALOG 

ti 

OF AMPHENOL COMPONENTS 

CATALOG B-2 

This complete 48 page 
catalog of Amphenol 
Components will be sent 
on request. The catalog 
contains illustrations and 
specifications on the over 
9,000 items now included 
in the Amphenol line of 
manufacture. 

AMERICAN PHENOLIC CORPORATION 
1830 South 54th Avenue • Chicago 50, Illinois 
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INDUSTRIAL SOLDERING IRONS 

are the result of 25 years of specializing in the manufacture of high quality electric soldering irons and they are used 

today in a great majority of the country's electrical, radio and electronic plants. 

No. 61 

A lightweight (21/2  ounce), low cost unit for pin-point accuracy in the most delicate soldering operations. Element construction is of same 
type used in ESICO industrial irons. Handle temperature is   higher than body temperature. Diameter of handle 1/4 ". Tips available 
in 3 shapes: type B- 1/4 " dio., pyramid point; type A—W' dia., straight pencil point; type C—Vz" dia., bent 90 degrees, with pencil- like 
point. Regularly wound to 25 watts at 105-120 volts. May be obtained in higher wattages at no extra cost when purchased in quantities 
Iron, as illustrated, is 1/2  actual size. 

No. 61A 

The .61A iron is very similar to the .61 except that the case enclosing the element is slightly longer. Where an iron which can be held as 
a pencil is required, it is possible to hove this iron in wattages as high as 75 watts for fast soldering of moderate size parts. The iron, as 
illustrated, is 1/2 actual size. 

No. 628 

This iron is available in 100 watts for either 105 ' 120 volts or 220 240 volts. It is intended for 100 watt capacity work, but where a 
small diameter case is required in order to get to the connections to be soldered. The iron is extremely light, and due to special construc-
tion has an extremely low handle temperature. Iron, as illustrated, is 1/2  actual size. 

No. 38 

This is the iron that is so widely used in the large radio plants and, in many instances, is used in a 150 watt capacity, though the standard 
wattage of the iron is 100 watts. It is recommended that 150 watts be used only where there is fairly continuous soldering. The iron is of 
a type in which the element con be easily replaced by loosening a knurled nut at the back of the case, and after lead wires ore 
loosened, by pulling out the old element and inserting the new one in a few minutes. The iron is ruggedly constructed and requires a 
minimum of attention and is completely serviceable within one's own plant. This iron is fast becoming the most popular iron in use in the 
electronic industry. The iron, as illustrated, is 1/3 actual size. 

Temperature Control Stand 
A practical, time and money saving device which accurately regulates and maintains soldering iron temperature between jobs. Lengthens 
iron life by reducing tip oxidation and amalgamation of tip with solder which increases with over- heating. When placed on stand, iron 
rests in a copper cradle which conducts heat of iron and actuates a bimetal to open or close o switch. Temperature is easily regulated by 
an adjusting slide at bottom of stand. As iron is removed from stand, full current is instantly supplied. Stem rest is adjustable to accom-
modate various lengths of irons. Stand is a heavy gray iron casting—stays firmly fixed without being fastened. 

Solder Pots 
Designed to meet rigorous pro-
duction requirements, ESICO 
solder pots are made from 
high quality gray iron castings. 
They are fitted with heater 
plate type elements which con 
be easily and quickly replaced. 
Elements wound from highest 
quality nickel chrome resistance 
wire. Elements of the three pots 
are interchangeable for 
greater economy and flexi-
bility. 

ELECTRIC SOLDERING IRON CO., INC., Deep River, Conn., U.S.A. 
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POWER SUPPLY 

LABORATORY 

OSCILLOSCOPE 

INDUSTRY 

4  

GENERAL ELECTRIC 
HEADQUARTERS FOR ELECTRONICS RESEARCH 

--IMM1111111111> 

At Electronics Park, near Syracuse, N. Y., General Electric 

maintains headquarters for electronic research and develop-

ment. From radio to radar, from computers to semi-conductors, 

potential uses of the electron are explored unceasingly by an 

army of scientists and engineers in this modern plant. 

An Entire Family of 

G-E PRECISION EQUIPMENT 
for Laboratory, Industrial, and High Quality Test Applications 

Power Supply ST-9A — Dual regulated power supply gives electronic 
oc erload protection p/us built-in modulator. 

YPD-2 — General laboratory purposes. Accurate and dependable. 

Oscilloscope ST-2B — Has direct coupled amplifier. 
ST-2A — General purpose use. 

Germanium Diode Checker ST- 12A — Checks static characteristics of 

Sweep Generator ST-4A — Completely electronic ... no moving parts. 

Sweep Marker Generator ST-5A — Crystal referenced calibrator from 
lOnu: to 300inc. 

TV Channel Sweep Generator ST- 11A — Speeds production line testing. 

Binary Scaler 4SN-1A3 — For general counting applications. 

• For full information call your nearest G-E Test Equipment Distributor 
or write: General Electric Company, Section 563, Electronics Park, 
Syracuse, New York. 

GENERAL ELECTRIC 

GERMANIUM DIODE CHECKER SERVICE TEST 



SELECTIVE 
TONE SIGNALING EQUIPMENT 

An Entire Family of 
Cr-F . N1 Communications Equipment 

G-E Communications Equipment Covers the Range 

50 kc to 2,000,000 kc • 1 watt to 3,000 watts 

• G-E offers a complete line of communications equipment— 
from audio to microwave—for police, fire, oil, lumber, indus-
trial and civil defense applications. Typical are: 

Selective Tone Signaling Equipment—Duplex dispatching 
combinations, single tone, two-way, and group calling equip-
ment. Provides up to 900 private lines on one radio channel! 

Microwave—G-E microwave equipment offers dependable 
communication over long distances and in difficult terrain 
areas. Up to 24 channels available for heavy traffic use. 

Industrial 2-Way Radio Communication—G-E 2-way radio 
steps up production—increases profits. With it, equipment can 
handle more material—personnel do a better job on co-ordi-
nated activities. 

G- E EQUIPMENT FEATURES: 

• Narrow or wide band opera-
tion 

• Low battery drain—cooler 
running equipment 

• Superior design, minimum 

tubes for efficient operation 

• Quality components—G-E 
makes more of its 2-way radio 
components than any other 
manufacturer 

For full information on G-E communications equipment call 
the General Electric office near you or write: General Electric 
Company, Section 563, Electronics Park, Syracuse, New York. 

GENERAL ELECTRIC 



GERMANIUM PRODUCTS 
An Entire Family of Germanium Products 

111111 ?IAA (01111. MIN FONWAID MAI INV AA PEAK SUIG1 
ot CATEGORY DM,' MOM 1)1111 INN OMNI ( MAI WARM (me) 11011110 111(01111/ (011111 

NATION MI 1011141 (011161 11-1-1/ Al— SO• WWII (IAA) (U11011 ( 11.1) (LI) 

1E448 05 85 70 4.0 833 50 150 400 

11431 G5C 50 40 2.5 1667 25 100 300 

GENERAL 1E452 G5D 85 70 40 150 50 150 400 

PURPOSE 1E103 051 125 I 00 4.0 50 50 150 400 

INES G5G 85 70 2.5 200 50 150 40C 

11475 GSM 123 100 2.3 50 50 150 400 

TV 1(464 G5F 20 iWy. cic currant in 44 mc rectifier— 100 4A o 

1N69 G5K 75 60 5.0 850 40 125 400 

JAN 1E470 0,51 125 I 00 3.0 410 30 90 350 

1E481 G5P 50 40 3.0 10(a — 10v 30 90 550 

VHF Gm 15 MLA. Rae in. ER. .1100 1.0 cod 2 y ligrel— m 

1N72 07 ( +3db mots. noise factor over IN2111 in 4 25 75 

G7A 1 500 ont miler COT S 23 75 

078 
5 3 75% rein. red. 411. al 100 no for detector 4 25 75 

UHF G7C 5 ) 25 75 

070 5 ( Tested for sharpness of brook E.( (bar. for t 25 75 

07E 5 / freq. meet« S 25 73 

G7F $ 4 4 2 75 
G7G , 608 min. rect. alt.°, 100 mc for detector 23, 7$ 

MATCHED 11448't 08 85 70 4.0 833 50 130 400 

11452's G8A 85 70 4.0 150 50 150 400 
PARS Note ( 1) 11463's 01111 125 100 4.0 50 50 (50 400 

I N75's &RC 175 100 25 50 50 (50 400 

QUADS 1N73 09 75 N01*(2) 50(0 - 10y 22.5 60 100 
1N74 096 75 NM (I) .50(e — 10v 22.5 60 100 

TRANSISTORS 21430 011 ( Mo. 11143 emitter signol level—.3, max. DC emitter current-3 no, 

Note (4) 2'431 GI IA ? Moo. DC collector current- 7.0 nab power noir 17 Jib ) colledor dissipation 100 mw 

(Amps) 

DIFFUSED 4.1A1A1 100 30 150 470 25 
JUN 4.161A2 200 30 (41.1. RATINGS 100 310 25 

CTION 
RECTIFIER 414143 300 00 AT 53.C1 75 230 25 

4.1A24.4 400 ( 85 500 1570 25 

I Ii Matched al -1- I s, 10 thuf Kutrenl throve h:gher re• (3) Consists of 4 balanced diodes. Watt 15 rno forward 

sistance unit is within 10% of lower resistance unit. current; the • oltage drop of ea* diode it I 2v min. 

(2) Consists of 4 balanced diodes. With 15 rno forward and 1.8 v max., all diodes are within 0.2v of eoch 

current; the voltage drop of each diode is 1.3v min, other, and voltage drop of a pair is 0.1v of each other. 

and 1.7v max., all diodes are within 0.1 volt of each (4) Additional test over GI 1 for negative resistance of 

other, and metope drop of a pair is 0.03 volts of base current vs. base voltage earocteristic for trig-

sod other, ger circuit operation. 

SEND FOR THIS HANDY 

REFERENCE CARD 
Write: General Electric Company, Section 563, 

Electronics Park, Syracuse, New York 

TELEVISION 

JUNCTION TRANSISTOR 

SWITCHBOARDS • COMPUTERS 

WELDED GERMANIUM DIODES PORTABLE RADIO TELEPHONE 



ELECTRONIC 
TUBES 

ubes of all types for communications and amateur radio 
plus circuit help in HAM NEWS— pioneer in new amateur gear! 

• For every socket in your rig, 
there's a G-E quality tube avail-
able . . . priced right! Also, by 
drawing on its unsurpassed 
facilities for research, G.E.— 
through Ham News—shows 
you how to apply G-E tubes in 
pace-setting new equipment. 

GENERAL 

EMERGENCY-

PORTABLE RIG 
MAR.-APR., 

1950 

Wide tube choice, high quality, 
value-giving prices, up-to-the-
minute circuit ideas—all come 
to a focus at your G-E tube dis-
tributor. Visit him today! 

.L'evut 

ELECTRIC 

55B JR., ANNOUNCED IN 
HAM NEWS NOV.-DEC., 1950 

R-9'ER, ANNOUNCED IN 

HAM NEWS NOV.-DEC., 1946 

MHE 

TRANSMITTER 
MAR.- APR., 
1949 

HARMONIKER, ANNOUNCED IN 

HAM NEWS NOV.-DEC., 1949 

HOW TO GET HAM NEWS 

• Copies are free, if you pick up the 
magazine from your G-E tube distributor. 
Or ... for $1 a year ... G.E. will mail 
Ham News to your home. Ask your dis-
tributor for a subscription card, or write 
direct to Ham News, Tube Dept., General 
Electric Co., Schenectady 5, N. Y.. en-
closing SI. Subscriptions are limited to 
the U. S., Alaska, Hawaii, Panama C. Z., 
and Puerto Rico. 



BUD means Beauty— Utility— Dependability 

3.at. No. 
3-973 
2-993 
3-994 
3-995 
3-1190 
3-975 

DE LUXE RELAY RACKS 

These relay racks are made of 16 gauge steel with 
' s" panel supports. The panel mounting sup-
ports are recessed so that no edges of the panel 
will be exposed. 
The front and back of the top, the two sides 

and the door are well louvered to provide ade-
quate ventilation. Snap catches are positioned 
on the door. A stream-lined appearance is achieved 
by the use of rounded corners and red-lined 
chrome trim. The relay rack is shipped knocked-
down and complete with all necessary hardware 
for assembly. All standard 19" panels will fit 
these racks. 
A SPECIAL FEATURE IS THE USE OF 

FOUR STURDY SUPPORTS ON THE BOT-
TOM SO THAT CASTERS CAN BE FAS-
TENED DIRECTLY TO THE BASE, THERE-
BY ACHIEVING READY MOBILITY. Bud 
RC-7756 casters will fit this unit. Casters are 
not included in price of cabinet. These relay 
racks are supplied in either black or grey wrinkle 
finish. The overall width is 22" and the depth is 
17 14." on all sizes listed. 

Catalog Overall 
No. Height 

CR-1774 4216" 
CR-1771 47's" 
CR 1772 66' " 
CR-1773 82'16" 

Panel 
Space 
36 " "  

42" 
61 14"" 
77" 

Shipping 
Wt. 
90 lbs. 
100 lbs. 
135 lbs. 
155 1b9. 

Height 

INSTRUMENT 

AND RECEIVER CABINETS 

Each cabinet has an evenly recessed 
hinged cover with convenient finger lift. 
The panel on front of cabinet is readily 
attached with self-tapping screws. Louvers 
provide ample ventilation. These Cabinets 
are finished in Black Wrinkle only. 

Width — Depth 
8" 8, 

7" 10" g" 
7" 12" 8" 

14" 
8" 16" 
9" 15" 

7" 8" 
8" 
11" 

STEEL CHASSIS BASES 

These chassis are made from one 
piece of steel, all corners are rein-
forced and spot welded. The four 
sides are folded on bottom for add-
itional strength — this also per-
mits a bottom plate to be attached 

f desired. Furnished in either Black Wrinkle or Electro-Zinc plated. 

3Iack Wrinkle Zinc Plated 
:at. No. Cat. No. 
3B-628 CB-629 
3B-790 CB-1192 
3B-6365 CB-637 
3B-6605 CB-773 
3B-6425 CB-643 
* Indicates chassis which 

VIounting Brackets. 
ear additional 

Depth Width Height Gauge 
5" 7" 2" 22 
7" 9" 2" 22 
10" 17" 3" 20 
13" 17" 3" 18 
13" 17" 4" 18 

are punched to accommodate Chassis 

sizes consult Bud Catalog 

ALUMINUM CHASSIS 

The construction and design of 
these chassis is exactly the same as 
our steel chassis. The aluminum 
chassis are welded on government 
approved spot welders that are the 
same as used in the welding of 
aluminum airplane parts. As a 
result, you can depend on BUD 

Uuminum Chassis to do a perfect job. Etched Aluminum finish. 
['he gauges in table below are aluminum gauges. 

Zatalog 
qumber Depth Width Height Gauge 
‘C-430 4" 6" 3" 18 
‘C-402 5" 7" 2" 18 
‘C-423 7" 17" 3" 16 
‘C-420 13" 17" 3" 14 
‘C-416 10" 17" 3" 16 

For additional sizes consult Bud Catalog 

STEEL 

DE LUXE CABINET RACKS 

These cabinet racks have rounded corners and 
attractive red-lined chrome trim. There is a 
recessed, hinged door on the top with a snap 
catch. These racks are made of heavy gauge 
steel and are of sturdy construction. The five 
large sizes have a hinged rear door, while the 
small sizes have a welded panel in the rear. 

Adequate ventilation is assured by means 
of louvered sides and a two inch opening in the 
bottom of the back extends the entire width. 

"NO-SCRATCH" EXTENDED METAL FEET ARE EM-
BOSSED ON THE BOTTOM TO MINIMIZE MARRING OF 
A TABLE TOP. Racks are furnished in either black or grey wrinkle 
finish. Depth 14"4", width 22".  Will fit standard 19" panels. 

Catalog Overall Panel Ship-Ping 
No. Height Space Wt. 

CR-1741 10'16" 83, ,, 29 lbs. 
CR-1740 12 16" 10 ,Y.4" 31 lbs. 
CR-1742 14' ie• 12 ,.;" 32 lbs. 
CR-1739 15"u" 14" 36 lbs. 
CR-1743 19'" 17.4" 40 lbs. 
CR-1727 22" g" 21" 45 lbs. 
CR-1744 28' 16 "  26 , , " 50 lbs. 
CR-1728 33.',6" 31 , ," 55 lbs. 
CR-1745 36 , ,,'' 60 Pls.  

STANDARD RELAY PACK PANELS 

Made of Steel or Aluminum. Steel 
Panels are made of high grade steel 
i li'' thick. Aluminum Panels arc 
made of ! ii" thick Aluminum. All 
Panels are 19" wide. Furnished in 
either Black or Grey Wrinkle. Alumi-
num panels " ffi" thick may be had 
if desired at 60% increase in cost 
over 

Catalog 
No. 

PS- 1250 
PS- 1251 
PS- 1252 
PS- 1253 
PS- 1254 
PS- 1255 
PS- 1256 
PS- 1257 
PS- 1258 
PS- 1259 
PS- 1260 
PS-1261 

ALUMINUM 

Catalog 
Height No. Height 
134" PA- 1101 134" 
3y," PA- 1102 334" 
51 4" PA- 1103 

PA- 1104 7" 
831" PA- 1105 834, 

PA- 1106 
12 ,;" PA- 1107 
14" PA- 1108 

PA- 1109 
17 , ," PA- 1110 
19 , " PA- 1111 

PA- 1112 

514,, 

10 1." 
12' 4' 
14" 

17 !,." 
19 ,¡" 
21" 

Catalog No. 
CU-883 
CU-728 
CU-729 
CU-1098 
CU- 1099 
CU-879 
CU- 1124 
CU-880 
CU-881 
CU-882 

METAL UTILITY CABINETS 

The large number of sizes available makes this 

line useful for all sorts of electronic equipment, 

monitors, frequency meters, etc. These cab-

inets have two removable sides for easy acces-

sibility and are finished in Black Wrinkle. 

Depth 

3" 
4" 
6" 
5" 
7" 

6" 
8-
8" 

Width 
4" 
5" 
5" 
6" 
6" 
8" 

7" 
10" 
11" 
9" 

Heigh 
4,' 
4" 
6" 
6" 
9" 

10" 
12" 
10" 
12" 
15" 

MINIBOXES 

There are thousands of uses in the fields of 
radio and electronics for these new boxes. They 
nre made from heavy gauge aluminum. The 
design of the box permits installation of more 
components than would be possible in the con-
ventionally designed box of the same size. It is 
of two piece construction, each half forming 

three sides. The flange type construction assures adequate shielding. 
Available in etched aluminum finish and gray hammerloid finish. 

Catalog Numbers 
Grey Etched Length Width Height 

CU-2100 CU-3000 2M" 2%" 15/g" 
CU- 2105 CU-3005 5" 4" 
CU-2108 CU-3008 5" 
CU- 2111 CU-3011 12" 7" 4" 
CU- 2115 CU-3015 4" 2" 23/4 " 

For additional sizes consult Bud Catalog 

Illustrated are only a few of the many types and sizes of Bud Products. For complete catalog write Dept. R-53 

BUD RADIO, INC. 2118 East 55th Street, Cleveland 3, Ohio 
95 



Catalog 
Number 
CE-2032 
CE-2033 
CE-2035 
CE-2036 
CE-2041 

13U1). BUD Products are made to work better . . . last longer 

"CE" TYPE DUAL MIDGET CONDENSERS 
These Midget Condensers were de-
signed to meet the rigid requirements 
in design of efficient high fre-
quency electronic devices and precision 
laboratory equipment. The large front 
and rear bearings provide for smooth 
rotation. They feature a rctor wiping 
contact placed at center of the rotor 
assembly to assure maximum efficiency 
at high frequencies. Opposed rotor 

construction assures perfect counterbalance and provides even 
torque at any position of rotation. Steatite insulation eliminates 
closed inducticn loop in frame. All metal parts cadmium plated. 

PER SECTION 
Distance 
Behind 
Panel 
3 1/4 2" 
314"" 

41 5/I6" 
422/32" 

Max. Min. No. of 
Cap. Cap. Plates 
35 6 7 
50 7 9 

100 9 18 
150 10 27 
50 8 15 

For additional sizes consult 

Air 
Gap 
.030" 
.030" 
.030" 
.030" 
.060" 

Bud Catalog 

"CE" MIDGET CONDENSERS 

SINGLE SECTION DOUBLE BEARING 

These Midget Condensers were designed 
to meet the rigid requirements in design 
of efficient high frequency electronic 
devices and precision laboratory equip-
ment. Brass rotor and stator plate stacks 
are assembled into permanent units by 
means of electro-soldering. which assures 
long life and accurate plate spacing, 
End-plates of Steatite insulate the mount-

ing bushings and angles from the rotor and stator assembles. The 
large front and rear bearings provide for smooth rotation. Special 
wiper contact provides noise- free tuning. All metal parts are 
cadmium plated. Rotor plates semi-circular shaped. Provision for 
either panel or base mounting. 

Catalog 
Number 
C E- 2000 
CE-2001 
CE-2002 
CE-2003 
CE-2004 
CE-2005 
CE-2008 

Max. 
Cap. 

MMFD. 
15 
35 
50 
75 

Min. 
Cap. 

MMFD. 
4 
6 

Air 
Gap 
.030" 
.030" 

7 .030" 
8 .030" 

100 9 .030" 
150 10 .030" 
300 15 030" 

For additional sizes consult Bud Catalog 

No. Over-
of all 

Plates Length 
3 2 
7 2"," 
9 

14 
18 3" I?" 
27 
52 5' 

TINY MITE TUNING CONDENSER 

SINGLE SECTION 

This series of condensers has been designed for 
applications where space or weight are limiting 
factors and for tuning of high frequency 
circuits. Rigid construction, close fitting bearing, 
positive rotor contact and Steatite insulation are 

the outstanding features. Cadmium plated, soldered, brass plates 
and rods insure high frequency efficiency. 

Max. Min. 
Catalog Cap. Cap. Air 
Number MMFD. MMFD. Gap 
LC- 1640 8 2.5 .017" 
LC- I644 50 6 .017" 
LC- 1646 100 9 .017" 
LC- 1652* 5') 8 .037" 
LC- 1654 15 5.5 .073" 
LC- 1655* 25 9 .073" 

* Denote double bearing. 
For additional sizes consult Bud Catalog 

No. 
of 

Plates 
3 

19 
37 
35 
15 
27 

THREE-GANG TINY MITE 

CONDENSERS 

Hams. Radio Constructors and Experi-
menters can find many uses for these 

compact. three-gang condensers. Designed particularly for high 
frequency use, they are adaptable for use in converters. preselectors 
and receivers covering the Amateur, Television and F.M. bands. 
Well constructed with soldered brass plates and ceramic brackets. 
Rotor shaft extended 1," at rear. Height 15/16". Width 13A6". 
Length behind panel Mounting holes 22/16" apart. 

Catalog 
Number 
LC- 1845 
LC- 1846 
LC- 1847 

Cap. Per Section 
Max. Min. 
II 5 
17 5 
25 6 

No. of Plates 
Per Section 

3 
4 
5 

MIDGET CONDENSERS 

Small size, sturdy construction and high 
mechanical and electrical efficiency are the 
outstanding features. Insulation used is 
Steatite. Rotor and Stator plates are brass 
and are electro-soldered to their respective 
rods. All metal parts are cadmium plated. 
These condensers have both front and rear 

bearings and are furnished in either mid-line type plates (straight 
line wave length), or semi-circular plates (straight line capacity.) 

SEMI-CIRCULAR TYPE- DOUBLE BEARING 
Catalog 
Number 
MC-1850 
MC-1853 
MC-1855 
MC- 1863 
MC-1865 
MC- 1867 

Cap. in MMFD. Air 
Max. Min. Gap 

15 3 .04" 
50 5 .024" 

100 7 .024" 
50 7 .060" 

100 12 .060" 
50 10 .095" 

For additional sizes consult Fucl Catalog 

Number 
Plates 

3 
7 

14 
15 
31 
23 

ee BUD TINY MITE DUAL CONDENSERS 

The construction of these units is similar to the, 
regular Tiny Mite Tuning Condensers. The two 
end pieces are held together firmly with three 
tie-rods. 
A separate round plate is soldered on rotor rod 

to shield the two stator sections. Large surface front and rear sleeve 
bearings, provide smooth rotation. 

CAP. PER SECTION No. Plates Over-
Catalog Max. Min. Air Per all 
Number MMFD. MMFD. Gap Section Length 
LC- 1659 8 2.5 .u17" 3 11'16" 
LC- 1660 15 3 .017" 5 
LC- 1661 25 4 .017" 9 2" .,.:" 
LC- 1662 50 6 .017" 19 
LC- 1663 100 9 .017" 37 4,14." 
LC-1664 10 4 .037" 7 21':e" 
LC-1665 15 5 .037" II 2"" 
LC- 1666 25 5.5 .037" 17 3" 
LC- 1667 35 6 .037" 21 

21 12"  

NEUTRALIZING AND HIGH FREQUENCY 

TUNING CONDENSERS 

This line of condensers will fill every neutralizing 
and high frequency tuning requirement that mod-
ern circuits pose. The two- pillar construction 
makes this unit unusually sturdy and eliminates 
any possibility of capacity variation due to 
vibration. The movable plate is adjusted by 
means of the threaded shaft to which it is at-
tached, and it is permanently locked in any 
position by the lock-nut provided. Any loose 

thread is taken up by a special nut and locked to give smooth 
operation. All metal parts are of aluminum or brass. Plates have 
rounded edges. Steatite insulation is used. 

Catalog Plate MMFD. Capacity 
Number Diameter Max. Min. 
NC- 1000 127/32" 11 1 
NC- 1001 2' 3/16" 24 2 
NC- 1002 434" 27 

IRON CORE R. F. CHOKES 

The efficiency of any circuit requiring an R. F 
choke will be definitely improved by utilizing one 
of these chokes with a finely divided molded metal-
lic core. The improved "Q" possible with this con-
struction results from the D. C. resistance of these 
chokes being from 40 to 50' less for a given in-
ductance than for regular air-core types. Thus, 
the D. C. voltage drop through the choke is con-

siderably less, yet the choking action is equally as good. Windings 
are made with silk-covered enameled wire terminated on conven-
ient soldering lugs, and the chokes are mounted in small square 
shield cans measuring 13/8" x 1%" x 17/16". 

Catalog Inductance D. C. Resistance 
Number mh. Ohms 
CH- 1277 1.5 11.5 
CH- 1278 2.5 16. 
CH- 1279 3.4 19.5 
CH- 1280 5.5 27.5 
CH- 1281 8. 36. 
CH- 1282 10. 42.5 
CH- 1283 16. 53. 
CH- 1284 39, 82. 
CH- 1285 69, 131. 
CH- 1286 80. 163. 
CH- I287 125. 221. 
CH-294 Shield Can Only 

Also available Pie wound and Lattice wound 

Current 
ma. 
125 
125 
125 
125 
125 
125 
125 
100 
100 
90 
90 

Illustrated are only a few of the many types and sizes of Bud Products. For complete catalog write Dept. R 53 
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  BUD Products for high quality and best results 

OEL 
OCL 
OLS 
OES 
OEP 
OCP 

75-WATT TRANSMITTER COILS 

These coils are distinguished by their rigid con-
struction, attractive appearance and conserva-
tive power rating. The polystyrene mounting base 
keeps the coil a safe distance from the chassis - 
it also permits easy coil removal without dis-
turbing the winding. All coils are air-wound and 
mount in 5 prong tube sockets. 
OEP and OCP Coils are designed for use in 

circuits using Pentode tubes Inith high output 
capacity such as 6L6. 807, etc. 

coils have fixed end link and are not tapped. 
have fixed center link with main winding center tapped. 
have adjustable center link, main winding center tapped. 
have adjustable end link and are not tapped. 
have adjustable end link and are not tapped. 
have adjustable center link main winding center tapped. 

Catalog 
No. 
Fixed 
End 
Link 

OEL-80 
OEL-40 
OEL-20 
OEL-15 
OEL-10 
OEL-6 

Catalog 
No. 
Fixed 
Center 
Link 

OCL-80 
OCL-40 
OCL-20 
OCL-15 
OCL-10 
OCL- 6 

Cat. No. 
Adjust-
able 

Center 
Link 

OLS-160 

OLS-80 
OLS-40 
OLS-20 
OLS- 15 
OLS-10 

Cat. No. 
Adjust-
able 
End Band Capacity* 
Link 

OES- 160 
OES-80 
OES-40 
OES-20 
OES-15 
OES-10 

OCP-10 OEP-10 
OCP-20 OEP-20 

AM-8673 Coil Base only 

160 Meter 
160 Meter 
80 Meter 
40 Meter 
20 Meter 
15 Meter 
10 Meter 
6 Meter 

10 Meter 
20 Meter 

100 
86 
75 
52 
40 
30 
25 
17 
45 
50 

MMFD 
MMFD 
MMFD 
MMFD 
MMFD 
MMFD 
MMFD 
MMFD 
MMFD 
MMFD 

ADJUSTABLE LINK 

TRANSMITTER COILS 

Listed are two types of Coils. CL type of 
coil has an adjustable CENTER link. ES 
type of coil has an adjustable END link. 
The CL and ES can be used where fixed 
links are specified. No additional cost is 
involved and more efficient coupling is as-
sured because of this special adjustable 
link, an exclusive BUD feature. 

150 WATT RATING 

Catalog No. Catalog No. 
Center Link End link 
Adjustable Adjustable Band 
RCL-160 RES-160 160 Meters 
RCL-80 RES-80 80 Meters 
RCL-40 RES-40 40 Meters 
RCL-20 RES-20 20 Meters 
RCL-15 RES-15 15 Meters 
RCL-10 RES-10 10 Meters 
AM-1932 — Mounting Base for RCL and RES Coils 

Also available in 500W and KW sizes 

Capacity* 
110 MMFD 
68 MMFD 
36 MMFD 
27 MMFD 
27 MMFD 
25 MMFD 

VARIABLE LINK 

TRANSMITTER COILS 

The most effective method of varying 
the loading of an R. F. Stage is by the 
use of a variable link to the plate tank, 
a feature incorporated in all Bud Vari-
able Link Coils. The link winding is 
connected to the jack bar into which 
the coils are plugged, and this link may 
be used with any of the coils regardless 
of the band being worked. The link 
winding is so arranged that it may be 
readily controlled from the panel by 
means of an extension shaft if required. 

500 WATT COILS 

Catalog 
Number 
VLS-160 
VLS-80 
VLS-40 

Band Capacity' 
160 Meter 85 MMFD 
80 M 70 MMFD 
40 M 36 MMFD 5 q " 

%/Ls- 2o 30 M 28 MMFD 5 wo. 

VLS-15 15 M 25 MMFD 54 "  

VLS-10 10 M 25 MMFD 5 q" 
AM-1352 — Base and Link Assembly for 500 Watt Coils 

Also avaliable in 150W and KW sizes 

'Denotes tube plus circuit plus tank plus output coupling capacity 
required to resonate coil at low frequency end of band. 

Length Mounting 
Mounting Hole 
Strip Dim. Dim. 

5 !,¡" 5" " 5" 

5" 
5" 
shr 

SHIELDED COIL- LINK 
These links are made to fit RLS. VLS, and MLS series of coils. This 

link will prevent capacity coupling between the 
tank coil and the link and will reduce TVI by 
greatly attenuating harmonics. The links can be 
used on co-ax or balanced lines. 

Catalog No. Description 

AM- 1300 
AM- 13 .) 1 
AM- 1302 

Used with RLS coils ( 150 W) 
Used with VLS coils (5)3 mr) 
Used with MLS coils ( Kilowatt) 

ADD-A-LINK 

When the circuit that you are using requires a different number of 
turns on the coil link than is furnished with the standard coil, the 
links listed below can be used to replace the standard link.  

Cat. No. Used With No. of Turns 
AM- 1303 RLS 3 
AM- 13(.4 RLS 4),¡ 
AM-1305 RLS 5 
AM-1307 VLS 3 
\M-1308 VLS 4 
a.M-1309 VLS 5 
AM-1310 VLS 634 
AM-1311 MLS 334 
AM- 1312 MLS 4 ,I3¡ 
AM- 1313 MLS 534 
AM- 1314 MLS 6 q 

CODE PRACTICE OSCILLATOR AND MONITOR CPO- 128 

The BUD Codemaster is a real money-
saver. No longer do you have to consider 
your code practice oscillator useless -4ter 
you have learned the code. A flip of the 
switch and you have a good CW moni-
tor. This is a really versatile instrument. 

It has a 4" built-in permanent mag-
netic dynamic speaker and will operate 
up to twenty earphones. 
A volume control and pitch control 

permit adjustments to suit individual 
requirements. Any number of keys can 
be connected in parallel to the oscillator 
for group practice. 

This unit will operate on 110 volts 
A.C. or D.C. An external speaker may 
be plugged in without the use of an out-

put transformer. All controls are placed on the front of the unit and 
all jac'es are in the rear. The unit is 6 q" high, 534" wide and 3 te 
deep. It is finished in Grey Hammertone enamel with red lettering. 

MODEL CPO- 130 

This unit is similar to the CPO- 128. The 
difference is that the 4" speaker is not in-
cluded. The monitor feature, however, is 
included. A phone jack is provided for the 
output and as many as 20 pairs of phones 
and keys can be operated at one time for 
class-room operation. This model will also 
operate a permanent magnetic dynamic 

speaker. Size is 51,¡" wide, 4 se high, 3 %" deep. 

GIMIX GX-79 

The BUD Gimix is a multipurpose unit requiring no 
batteries or power supply. It is calibrated for use on 
the 10, 15, 20, 40 and 80 meter amateur bands. No 
additional coils are needed as the one coil does the 
work on all bands. It can be used as a Wave-Meter, 
a Monitor, a Field Strength Indicator, a Carrier 
Shift Indicator and a sensitive Neutraliting In-
strument. Operating instructions supplied with each 
unit. 

ele 

FREQUENCY CALIBRATOR FCC-90 

To comply with federal regulations, 
some means of accurately checking 
transmitter frequency must be avail-
al-le at every "ham" station. The 
BUD FCC-90 consists of a 100 kc. 
crystal oscillator that is Completely 
Self-Powered. It will give 100 kc. 
check points on all bands up to 30 

megacycles. This enables the operator to determine exact band edges. 
No extra wiring is required to install this unit. Plug the FCC-90 

into a 110 volt receptacle, connect the pick-up lead to the antenna 
binding post of the receiver and the unit is ready for operation. An 
ON-OFF switch and a STANDBY switch are provided. 

Illustrated are only a few of the many types and sizes of Bud Products. For complete catalog write Dept. R-53 
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3 REASONS WHY CENTRALAB 
ELECTRONIC COMPONENTS ARE FIRST CHOICE 
1. Availability — Its easier to buy Centralab compo-
nents. More than 800 distributors stock them, and 
there's one near you. 

2. Widest Line — America's most complete line of 
controls; Switches, Ceramic Capacitors and Printed 

CERAMIC CAPACITORS with a wide ange of ratings and in miniature sizes meet 
the exacting requirements of radio and television circuits. They offer high accu-
racy, low power factor, space saving and the most desirable temperature and 
humidity characteristics. This means freedom from service trouble not possible with 
older style condensers of moisture absorbing paper construction, or mica construction. 

TUBULAR IC HI-KAPS ti:inperature com-
pensating ceramic capacitors. TCZ 
units show no capacity change over 
wide range of temperature; TCN's vary 
capacitance according to temperature. 

NEW BLUE SHAFT VOLUME CONTROLS 
available in all generally required 
sizes . . . plain and switch types. 
Factory- assembled and tested . . . 
ready to install. 

HAM TYPE SWITCHES — hers ier thril 
normal Steatite insulation. For use 
with tubes operating up to 1000 volts 
and inputs up to 150 watts. Non-
shorting. 

PRINTED ELECTRONIC CIRCUITS. Nuw 
available, everything from single value 
capacitors and resistor plates to com-
plete 3-stage speech amplifiers. 

POWER SWITCHES are specially de-
signed for transmitter, power supply 
convertors and other medium duty 
power applications. Efficient up to 20 
megacycles. 

ROTARY BAND SWITCH is used pri-
marily for band change and general tap 
switch applications. Made with Steatite 
or phenolic insulation. 

LEVER ... SPRING RETURN ... TONE 
SWITCHES. See your Centralab distrib-
utor for complete details on these 
switches — and the complete line of 
quality CRL parts. 

Get your free copy of Centralab's 
new Catalog 28. Hundreds of new 
components. Just tell us you are 
a radio amateur — it will be mailed 
at once. 
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Electronic Circuits. 
3. Highest Quality — Smallest Size — Compare these 
outstanding Centralab electronic components with all 
others. You'll find you get highest efficiency, smallest 
size, true permanence. 

A Division of Globe-Union Inc. 

940 East Keefe Avenue, Milwaukee, Wisconsin 

In Canada: 635 Queen St., East, Toronto, Ontario 



Centro lab offers the widest va-
riety of ceramic capacitors on 
the market today for all ranges 
of voltage and frequency-for 
any application in circuitry. 

Centeljab 
A Division of Globe-Union Inc. 

940 E. Keefe Ave., Milwaukee 1, Wis. 

In Canada: 635 Queen St., East, 
Toronto, Ontario 

CERAMIC 
CAPACITORS 
AND SWITCHES 

Centralab introduced ceramic capacitor and has constantly devoted more research and larger laboratory and production 
facilities to this field, than can be said of any other firm. Ceramics are known as the most permanent type of capacitors. 

MOLDED DISC HI-KAPS 

p> 

Another Contraltb K,, i the commie capacitor 
field. MD Hi.Kaps are ornpletaly molded with in. 
sulating Cenhathene. Ultra-conservative rating of 
600 V.D.C.W. with 1800 V. test. No danger of 
shorting adjacent to chessis, insuletion sufe to 2500 
V.D.C. Moi eeeee absorption less than .0057.. Values 

permanently stamped. Size qh" d. • II." Mid,. 
Packed 5 per emelope. 

NET PRICE EACH .S . 15 

Cot. Cap. Cat Cap. 
No. MMF. No. MMF. 

MD-058 5 1.10.391 390 
MD.100 10 M0401 400 
MD.120 12 MD-471 470 
MD.150 15 MD-501 SOO 
MD- 180 18 MD-561 560 
610.200 20 MD-601 600 
MO•220 22 MD-681 680 
MCI-250 25 MD.751 750 
MD-270 27 ME1.871 820 
MD-330 33 1.40-102 1000 

MD-390 39 MD- 122 1200 
140.470 47 MD- 152 1500 

MD.500 SO MD- 182 1800 
640.560 56 MD-202 2000 

1.10-680 68 M0.222 2200 
MO.750 75 MD-252 2500 
MD-820 82 MD-272 2700 

MD.I 0 I 100 MD-302 3000 
MD.121 120 MD.332 3300 
MD- 151 150 MD-402 4000 
MD-I81 180 MD472 4700 
MD-201 200 MD-502 5000 
NO-221 220 MO-562 5600 
MD-251 250 140.682 6800 
AID-271 270 MD.752 7500 
640.301 300 MD- 103 10000 
MD.331 LO 

STANDARD DISC HI-KAPS 

Fit narrow spate, Tolerance, GMV except Cat. No. 
00-2.502 s -207.+807.. 1000 cl.c. test: 600 

volts do. working. Minimum order quantity, 5. 

Cat. Cap. 
No. MFD. Dims. Thick. 

TYPE DO SINGLE DISCS 

DD-47I .00047 %" .156" 
O0401 .0008 '4" .156" 
00.102 .001 
DO-152 .0015 
00.1032 .01 ( 2-.20%) ter .156 
DO-202 .02 5." .219" 

TYPE DD2 - DUAL DISCS 

00.2.102 2 • .001 30" . 156" 

00-2-152 2 x.0015 10 .156" 
DO-2.502 2..005 7:" .156" 

Nef 
Price 

$ . 15 
.15 
.15 
.15 
.18 
.18 

.24 

.24 

.27 

TYPE DO-39 SHIELDED DUAL DISCS 

O0.3.102 2.001 %" .225" .27 

DD-3.152 2..0015 h" .225" .27 
O0-3-202 2 • .032 Ifi" .225" .27 
DO-3-502 2 z .005 le .225" .30 

DO-3-103 2 x .01 X" .225" .30 

TYPE DF FLAT-PLATO HI•KAPS9 

OF.503 .05 On" • VSt" • tit" Mid 
OF.104 .1 •"‘" thick 

thageed tine. 

.42 

.48 

TV HI-VO-KAPS 

The imcepted standard for filter and bypass appli. 
mtions in television high voltage power supply. 
Cody sizes - SOI, I" diem. • .51Cr. 502, 1" dims. 
• 1.050. 503. I.V diarn. x 1.250. Termimls: 
A - Plain studs. 8 - One dotted wide • lfe" 
deep, other tapped 6-32. V." deep. C Screw 
term,m1s, male; 6-32 • V.". fermi* 6.32 1 V.". D - 
Two 6-37 male terminals. E - Two 6-32 female ter-

minals. F - One 6-32, one 8.32 male terminals. 
Tul  -207. + 507.. 

Cat 
No. 

TV1.501 
T92-501 
TV3-501 
TV1.502 
192.502 
TV3-502 
TV4-502 

TV5.502 
197-502 
191.503 

Cap. 
MMF. 

SOO 
500 
SOO 
500 
SOO 
500 
SOO 
SOO 
500 
SOO 

V.D.C. 
Working 

10,000 
10.000 
10000 
20000 
20.000 
20,000 
20.000 
20.000 
20.000 
30000 

Net 
Term. Price 

A 

A 

D 

A 

CERAMIC TRIMMERS 
New Type 827 miniature, molded 
body for dust protection. Site: 
1 V.". All 600 V.D.C.W. 
NET $.59 

Type Cap. Type Cop. 
827A 2.5-7 827C 5-30 
8278 3.12 8270 840 

Type 822, at right. "u" x "f3". Nos. 
ending in Z. zero temp. cotf. (NP0); 
ending in N, neg. temp. coef. 

Cat. No. Range MMF. Net 
122-CZ $ .88 
1122.82 2.5-13. .88 
822-AZ 4.5.25. .88 
822-CN 4.5.25. .88 
822-IN 7. -45. .88 
822-AN 5. 40. .88 

Type 823, left, 11/4".%". 
Neg. temp. cool. 

Cat. Range Net 
No, MMF. Price 

823-EN 8.- 25. $ 1.47 
823-ON 13.. 50. 1.47 
823-8N 10-100. 1.47 
823.AN 20.425. 1.47 

HAM TYPE SWITCHES 
Heavier than normal Steatite insulation. Use with 
tubes operating up to 1000 volts and inputs up to 
150 watts. Non-shorting. 900 positive index. Mtg. 
bushing y." x 32 thread. Ve" long. Shoff. Ile long. 

Cat. 
No. 

2542 
254) 
2544 
2545 
2546 

Net 
Positions Price 

2564 $1.33 
2 to 4 2.06 
2 to 4 2.79 
2 to 4 3.53 
2 to 4 4.27 

NEW MINIATURE SWITCHES 
STEATITE INSULATION 

11/z" overall diameter gives saving of 5‘" over 
standard switches with same current ratings. One 
extra active position than standard switch. 1 pole 
12 pos. or 2 pole 6 pos. per section. Withstand 
SO hour salt ,prey test. Adjusteble stop. One piece 
mnstruction. Separate sections • nd hardware eyed. 
•ble. Packed singly with nt g. nut and knob. Send 
for information on spacers, he bolts, knob, nuts end 
«eskers. shields. edj. stops, many variations. 

Cat. 
No. 

PA-2000 
PA.2002 
PA-2004 
PA-2006 
PA.2008 
PA-2010 
PA-20I2 
PA.2014 
PA-2016 
PA-2018 
PA.2020 
PA-2022 
PA-2024 
PA.2026 
PA-2028 
PA.2030 
PA.2032 
PA-2034 
PA-2036 
PA-2038 
PA.2040 

PA-200I 
PA-2003 
PA-2005 
PA-2007 
PA-2009 
PA-2011 
PA.2013 
PA-201S 
PA.2017 
PA.2019 
PA-2021 
PA-2023 
PA.2025 
PA.2027 
PA-2029 
PA-2031 
PA-2033 
PA-2034 
PA-2037 
PA-2039 
PA-2040 

Cat. 
No. 

Short-
ing 

PA-0 
PA-2 
PA.4 
PA-6 
PA' 
PA.I0 

2 
3 
3 
4 
4 
S 
5 
6 
6 
6 
6 
8 
9 
10 
10 
12 
12 
15 
18 

Toted No. 
Poles Sect. Positions 

SHORTING CONTACTS 
(mote before break/ 

2 
2 
3 
3 
4 
4 

6 
6 
6 
6 

9 
10 
10 
12 
12 
15 
18 

2-12 
1 2-6 
2 2-12 
1 2-5 

2-12 
2 24 
4 2-12 

2-3 
2-12 
2 

2 2-5 
3 24 

2-12 
4 24 
3 2-5 
2 2.3 

24 
2 

6 24 
2.3 

4 

NON-SHORTING 
(break before make/ 

1 242 
2 t 2-6 

2-12 
2.5 
2-12 
24 
2.12 
2-3 
2.12 
2 
2-5 
24 
2-12 
2-6 
2-5 
2-3 
2-6 
2 
2-6 
2.3 
2 

2 

3 
2 
4 

S 

3 
6 
4 
3 
2 
5 
2 
6 
3 
3 

Net 
Prim 

$1.50 
1.56 
2.25 
1.65 
3.00 
2.34 
3.75 
1.71 
4.50 
1.71 
2.40 
3.15 
5.25 
3.90 
3.15 
215 
4.65 
2.55 
5.40 
3.30 
3.30 

1.50 
1.56 
2.25 
1.65 
3.00 
2.34 
3.75 
1.71 
4.50 
1.71 
2.40 
3- IS 
5.25 
3.90 
3.15 
2.55 
4.65 
2.55 
5.40 
3.30 
3.30 

STEATITE SECTIONS 
FOR PA-2000 SERIES 
C,,,-

Non. P., Net 
Short. Poles lions Pt 

PA.1 1 2-12 $ .81 
PA.3 2 2-6 .81 
PA-5 3 2.5 .90 
PA-7 6 2.3 .90 
PA-9 6 2 .90 

1 2-5 .81 

Unused contacts on one 
tid• of common con-
nected and shorted out 

PA- 18 PA.11 1 2-11 .85 

PA- I2 

All unused contach con-
nected and shorted ouf 

60° INDEXING 

2.10 
PA.17 I 2.6 

It 
.81 
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EJR9tEtt E 
AF, RF, 

Since 1927 

"Supreme by Comparison" 

and TELEVISION SIGNAL GENERATORS 
Whether you need a ‘ kpendable sig-
nal source for testing audio devices, 
video circuits ot RE and IF ampli-
fiers, you will find Supreme Signal 
Generators a pleasure to use. Illus-
trated on the left is a popular general 
purpose combination AF and Rle 
Signal Generator frequently seen on 
the service benches of better elec-
tronic technicians everywhere. To 
the right is that well known Supreme 
Composite Video Genet awl- which 
delivers the standard RTMA Tele-
vision synchronizing signal — even 
the equalizing pulses to assure proper 
interlace. Ideal for hams setting up 
amateur television stations. F. u- com-

plete information request 1)ata Sheet Nii. AR-365-66. 

TUBE TESTERS 
Supreme Tube Testers are 
known for giving dependable 
service over long periods of use. 
All circuits employed in Su-
preme Tube Testers demon-
strate the ultimate in design 
flexibility to minimize obso-
lescence. New tube setting 
data is published in the Su-
prelim Test Equipment Bulle-
tins and mailed quarterly, at no 
charge, to all test instrument 
users on our mailing list to keep 
them up-to-date. Send your name and address to our Service 
I ) ieisi on. At tention \ R-TSS. and get on this list. 

OSCILLOSCOPES 
\ Supreme oscilloscope is a 

most N.ersat ile instrument 

around the rig, in t he lab and 
on the electronic service tech-
nician's test bench. Hs appli-
cations multiply day by day. 
Supreme makes both the gen-
eral purpose and wide range 
types. Additional data sup-
plied on Data Sheets 
AR-350-660. 

VOLT—OHM—MILLIAMMETERS 

There is a Supreme multi-meter to fit most every need and budget. Sensitivities from 1000 to 20,000 ohms/volt in 
both single function and multi-function types. 'Also, Vacuum Tube Voltmeters. Request Data Sheets AR-342-74. 

PANEL METERS 
Every year more and more manufac-
turers are selecting Supreme meters as 
initial equipment in hundreds of electri-
cal and electronic devices. Quality built 
in every respect with many outstanding 
features such as EFFICIENT AL-
NICO BAR MAGNET — SELECTED 
PIVOTS AND JEWELS — HIGH 
TORQUE MOVEMENT — STRONG 
TOUGH POINTER — RUGGE 
MOVING ELEMENT. Available in a 
variety of sizes and types with or with-
out special dials. Write for Spec. Data 
No. AR-3400. 

Am ateu rs • ) 0t,R. REQUESTS FOR additional information ami mice quotations will receive prompt handling at Supreme. liesib•s the items 
E illustrated above. we are often called upon to produce special purpose panel meters and testing instruments for industrial organiza ngineers • • 

lions public utilities, and government services. Perhaps, with our know-how plus our design, testing and manufm-t urine facilities, 

Technicians • we can solve a problem for you. WRITE Supreme. Inc., 1753 Carrolton Ave., Greenwood, Mississippi. U. S. A. 

100 



NOVICE 
AMATEUR 
ENGINEER 

Write today for your FREE copy 
of this great new book that 
gives you complete details, pic-
tures, and lowest prices on: 

Amateur Radio 
Antennas 
Audio Amplifiers 
Audio Furniture 
Batteries 
Books 
Capacitors 
Chassis, Racks, 

and Panels 
Chokes 
Clips 
Connectors 
Counter tubes 
Crystals 
Dials and Knobs 
Electric Tools 
Fuses 
Hand Tools 
Headphones 
Hi-Fi Speakers 
Inductances 
Insulation 
Insulators 
Intercoms 
Loud Speakers 
Microphones 
Music . Systems 
Noise Filters 
P. A. Equipment 

Phono Needles 

Phono Pickups 
Pilot Lights 
Plugs and Jocks 
Power Supplies 
Radio Hardware 
Radio Sets 
Radio Tuners 
Receiving Tubes 
Record Changers 
Rectifiers 
Relays 
Resistors 
Sockets 
Soldering Equipment 
Special-purpose Tubes 
Switches 
Tape, Wire, Discs 
Tape Recorders 
Telegraph Keys 
Terminals 
Test Equipment 
Transformers 
Turntables 
TV Replacements 
TV sets 
Vibrators 
Voltage Controls 
Wire 

EASY TIME- PAY TERMS! 

RADIO SHACK 
CORPORATION 

167 Washington St., Boston 8, Mass. 

YOU NEED THIS 

IIV&SHII4G 011S1 ..011011 PUS- V.S 

224- PAGE 
NEW, 1953 
RADIO SHACK 
MAIL 

ORDER 

Please send me your new catalog No. 53-AH 

Name   

Street  Zone  

City  State  
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... are part of Stancor's extensive line of 
catalog part numbers ... available for immediate 

delivery from your local electronic parts distributor. 

These units are examples of the 
many specialized transformers in the 
Stancor cataloged line ... units that 
are regularly carried in stock. 

Check the Stancor Catalog first 
when you need transformers for in-
dustrial, amateur, audio, radio, TV 
or any other electronic application. 
You're almost sure to find it there. 

You can get your FREE copy from 
your Stancor distributor, or by writ-
ing Stancor direct. 

STANDARD 10 00RPORATION is one of the 

leading suppliers of industrial and 
military transformers built to the 
manufacturers specifications. •, 

Stancor is your best source for .,,. 
hard-to-design, tough-to-build - 
transformers. At Stancor you will 
have the services of experienced de-
sign engineers and a fully equipped 
test lab with complete • 
f ac ilitieosr atoryfor in-plant testing 
of IAIL-T - 27 components. Your 
transfortners will be built in the 

's newest transformer 

industry plant, using the most modern ipment. 
production and test equ  

CATHODE RAY TUBE POWER TRANSFORMER, 
P-8151, for use with type 2X2 recti-
fier tubes in a conventional half- wave 
high voltage supply. Plate supply 
2,400 AC volts, half wave, 5.0 DCMA. 
Rectifier filament 2.5 volts at 2.0 
amps. Other windings, 2.5 volts at 
2.0 amps. Height 45/16% base area 
39/16' X 

PLATE TRANSFORMER, PT8315. Mount-
ing style provides protected path to 
anodes of rectifier tubes with heavily 
insulated H V leads out of top of unit. 
Primary leads brought out through 
bottom. Primary, 117 volts, 60 cycles: 
secondary, 2065-0-2065 AC volts; 1750 
DC volts. DCMA 200 CCS, 250 OCAS. 
weight 24 pounds. DC output rated at 
load terminals of single-section, re-
actor-input filter with full-wave mer-
cury vapor rectifiers. 

STANDARD TRANSFORMER CORPORATION 
3580 Elston Avenue, Chicago 18, Illinois 
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ALL LEGS, 

SNACES, ETC 

ARE NOT•DIPPED 
ALVANIZED ASTER 

HOLES ARE 

PUNCHED 

NOTE— 
Non Gebtarezed 
Tweete eon be 
eueebee towee 

TYPE 
300 

For better transmission and reception use 

Triangular cross-section transmission towers 
for rotary beam support . . . for insulated vertical 
radiators . . . for special, complex arrays of rhombics 
or curtain antennas . . . or any tower problem you 
have, you'll have the best results with Wincharger. 

TOWER 
TYPE 

Whatever you need—simple an-

tenna support towers or heavier 

towers for complex transmitting 
arrays—Wincharger Towers can 

do the best job for you. 

POWERI-
Recommended TOWER Guy Levels WEIGHT Watt Rating 
Max. Height WIDTH (3 Guys at PER FT. • WI Wave 

Each Les-el) or Taller) 

300 
150 
101 
78 
42-47 

440 ft. 

320 ft. 

220 ft. 

150 ft. 

125 ft. 

28!f4 in. 50 ft. 30 lbs. 

1834 in. 40 ft. 15 lbs. 

14% in. 35 ft. 10.11bs. 

14% in. 35 ft. 7.8 lbs. 

1312' in. 30 ft. 4.71bs. 

50,000 

10,000 

5,000 

5,000 

3,000 

*Tower steel only—weight of guys, insulators, etc. not included. 
flnsulation for greater power available at slight extra cost. 

ed7"...L..ocà • .o COLOCtL . . •  

ete 
frie 

1 eel 
A. Five and 10-ft. 

Roof Mount 
Towers for 
amateur a n d 
T V antennas. 
Using mast 
and simple 
guying can 
elevate anten-
na nearly 40'. 

B. Lightweight Towers has 
hinged base. In 10' sections. 
With simple guying will 
support 4-bay stack at 40'. 

C. Self-Supporting. Slender, 
attractive design—no guys. 
Will support antenna with 
maximum wind thrust of 
100 pounds. Cement base. 

TELEPHONE 2.1844 Dept. HB *-* 



AUTHORIZED 
DISTRIBUTORS 

RCA Tubes and Harvey Service... 
For Double Dependability! 

HARVEY's line of RCA tubes is so complete, that HARVEY 

can fill virtually any requirement ... right from stock ... and 

deliver at almost a moment's notice. 

This is particularly important to AM, FM, and TV Broad-

casters, Industrial and Commercial users, Amateurs, and 

Service-Technicians, all of whom depend on tubes for sus-

tained operation of important electronic equipment. 

Write, Wire, or Phone, 
for 

Prompt Harvey Service. 
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...that's why 

NOVICES, 

AMATEURS, 

ENGINEERS, 

and 

EXPERIMENTERS 

Across the Nation 

RELY UPON 

HARVEY 
for all their 

ELECTRONIC and 

COMMUNICATION 

REQUIREMENTS! 

Telephone 

Because Harvey's stocks are so large and so 
complete, almost anything you can name in 
electronics, can be shipped within min-
utes of your letter, wire, or phone call. 
And you can depend upon Harvey that 
what you receive is exactly as ordered, and 
that it will function and perform to your 
complete satisfaction. 

Harvey has been the reliable headquarters 
for hams, experimenters, professionals, com-
mercial and industrial engineers for over 
25 years. And the experience gained over 
these years is always at work for you. Six 
active amateurs are in Harvey's employ, plus 
a staff of well informed, trained experts 
who stand ready to assist you in the selec-
tion of parts and equipment, and in trouble-
shooting your problems. Every possible 
field is covered, including radio commu-
nications and broadcasting, TV, audio, 
recording, and industrial electronics. 

Remember, you are always welcome at 
Harvey's. So, when in New York, make it 
a point to come in and say, "Hello". 

Harvey is Always at your Service 

AUTHORIZED DISTRIBUTORS OF 

RECEIVING AND 

NON-RECEIVING TUBES 

BATTERIES • TEST EQUIPMENT 

TELEVISION COMPONENTS 

SERVICE PARTS 
• • • and all the products of all the 

famous names in radio and electronics 

Free RCA He TIPS 
LUxemberg 2-1500 

HARVEY 
RADIO COMPANY, INC. 
103 West 43rd St., New York 36, N. Y. 

There's a free 

copy of RCA 

HAM TIPS 

waiting fo r you 

at Harvey Radio 
If you can't call 

personally, Write. 
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perfigmance proven! 

THE LIIIF COLINEAR 

A high gain all-
channel fringe area 
antenna. Here is the 
mighty mite of .11. 
channel UHF recep-
tion and considered 
by a leading TV set 
manufacturer as the 
finest UHF antenna 
yet perfected. Rug-
ged four-bay con-
struction of solid 
aluminum elements 
with fiberglass cross 
arms. List $ 11.10 
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Single channel primary 
and fringe area antenna. A 
rugged, efficient 12-ele-
ment yagi that delivers 14 
db gain. Unusual band 
width of 60 me. Boom 
constructed of tough-as-
steel weather-resistant fi-
berglass with solid alum-
inum elements. List S7.65 

VEE-D-X 
UHF 

ADAPTING 

BRACKET 

Permits addition of UHF 
antenna te existing VHF 
installation. Can be mount-
ed three different ways to 
mast or antenna boom. 
Fast, easy, inexpensive to 
install. Supplied plain ( list 
SISO) or with Mighty 
Match MM-30 list ($ 5.50) 

SIDE•BY.SIDE 

STACKED COLINEAR 

For additional gain two 
Colinears may be stacked 
by using Ver-D-X Stacking 
Kit.Model CA.U.SSH which 
consists of 2 masts, 2 booms 
and a stacking harness. 

THE VEE-D-X "V" 

All-channel primary 
area antenna. Excel-
lent broad band char-
acteristics. Supplied as 
a straight UHF anten-
na or with Vee-D-X 
Mighty Match for use 
in combination with a 
VHF antenna using a 
single transmission 
line. The plain "V" 
lists $ 2.75 

VEE-D-X 

MIGHT( MATCH 
(Model MM-30) 

Provides a most effici-
ent method of combin-
ing VHF-UHF anten-
n• •ystems with a 
single transmission 
line. Entirely auto-
matic in action. Em-
ploys new printed cir-
cuit filters. List $4.00 

Whatever the area—single channel, 
multi-channel, combination 
UHF-VHF, primary or fringe— 
there's a performance proven 
VEE-D-X antenna or combination 
of antennas that will provide 
brilliant reception. All VEE-D-X 
antennas for UHF were developed 
by professional engineers (some 
are also Radio Amateurs) and 
extensively field-tested with the 
experimental UHF transmitter 
(KC2XAK) located at Bridgeport, 
Connecticut (since 1949) — and 
only 60 miles from the Vee-D-X 
development laboratory. So, be safe 
— be sure with Vee-D-X perform-
ance proven UHF antennas. 

VEE-D-X ALL-CHANNEL UHF-VHF ANTENNAS 

THE ULTRA 0-TEE and its new companion the ULTRA 
Q.TEE Suburban combine both UHF and VHF into a 
single antenna using a single transmission line. Both con-
tain eikht patented. printed circuit channel separators. 
The Ultra Q-Tee is designed for primary areas and will 
receive all channels 2-83 VHF-UHF. Lists for $ 14.25 

4Lic. A.A.K. Pats. 
2,422,458; 
2,282,292; 
2,611,086; 
others pending. Sfieéreé‘eret 

THE ULTRA 12-TEE SUBURBAN is designed for all-channel 
VHF and fringe area UHF. Lists for only $ 17.60 

FREE! 
UHF ANTENNA GUIDE 
An authentic guide to UHF antenna systems. 
Tells how, what, and where for every area. 

Write THE LaPOINTE•PLASCOMOLD CORPORATION, 
Rockville, Conriertieve 

All models of VEE-D-X Lightning Arresters are ready for UHF. 



LEADING DISTRIBUTORS CARRY A COMPLETE STOCK 
OF ALL ERIE ELECTRONIC COMPONENTS 

ERIE DISC and PLATE CERAMICONS 

2X.002 

STYLE STYLE 
811 8 1 2 

ERIE UNIVERSAL 
20 KV CERAMICONS 

ERIE BUTTON, 
SILVER MICA CAPACITORS 

ERIE CERAMICON and 
TUBULAR TRIMMERS 

1•••, 
, ,, • 

STYLE STYLE 
TD2A TS2A 

STYLE STYLE 
CB FA 

9 

STYLE . 
557 

STYLE 532 L_ 

ELECTRONIC 
COMPONENTS 

ERIE STAND-OFF CERAMICONS 

STYLE STYLE 
323 324 

• 
• 

STYLE STYLE STYLE STYLE 
325 326 2322 2336 

STYLE K 

— -1 

413-203 

STYLE 
413 

1E11 
43-204 413.205 413.206-1 

413.206.2 

ERIE FEED-THRU 
CERAMICONS 

J. 
- 

STYLE C1 STYLE 
362 327 

ERIE PRINTED CIRCUITS 

0 II II 

ERIE CERAMICONS, 

STYLE 338 

STYLE L 

STYLE 337 .11' 1" STYLE 334   

STYLE 333   _ 

ERIE DIODE FILTERS 
1403-01 1403-02 1403-03 

ERIE TRIODE PLATE COUPLERS 
1404-01 1404-2 1406-01 1406-02 
ERIE VERTICAL INTEGRATOR 

1405-01 
ERIE PENTODE PLATE COUPLERS 

1402.01 1602.02 ,402.03 
ERIE AUDIO OUTPUT CIRCUITS 

1408-01 1408-02 

ERIE  
RESISTOR CORP. 

ERIE RESISTOR CORPORATION . . . ELECTRONICS DIVISION 

Main Offices: ERIE, PA. 
Sales Offices: Cliffside, N. J. • Philadelphia, Pa. • Buffalo, N. Y. • Chicago, Ill. 

Detroit, Mich. • Cincinnati, Ohio • Los Angeles, Calif. 

Factories: ERIE, PA. • LONDON, ENGLAND • TORONTO, CANADA 
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SPRRGUE 
36C 

cede Zee9de FOR YOUR RIG! 

SPRAGUE 
29C 

SPRAGUE CAPACITORS 
HYPASS®—feed-through 
capacitors for bypassing 
harmonic currents in trans-
mitters and for eliminating 
v-h-f interference from a-c 
mains and control circuits. 
Ideal for eliminating TVI 
... developed to meet trans-
mitter needs outlined by 
ARRL Headquarters. 

FILTEROL®—line filters for 
suppressing "man-made" 
radio noises and television 
"scrambles" on practical-
ly any application. Small, 
self-contained, and easily 
installed, Filterols provide 
maximum noise sup-
pression. 

CERA-MITE*— the first 
complete line of miniature 
disc ceramics. Tough, de-
pendable, and inexpensive. 
A type for every use—GA 
(General Application), 
high-K, and temperature-
compensating. 

METAL-ENCASED PAPER 
CAPACITORS— long a fav-
orite with amateurs, these 
metal encased capacitors 
are impregnated and filled 
with KVO, the efficient di-
electric material. Long-life 
and reliability are out-
standing. 

TELECAP* — phenolic 
molded paper tubulars as-
sure maximum dependabil-
ity under extreme heat, 
humidity, and shock. 
These Black Beauties are 
oil-impregnated in ratings 
from 600 to 12,500 volts. 

ATOM® — metal -encased, 
dry electrolytics are engi-
neered especially for tough 
television replacement ap-
plications. Small enough 
to fit anywhere, Atoms 
withstand punishing 85°C. 
(185°F.) temperatures. 

TWIST-LOK*—dry electro-
lytics, sealed in aluminum 
cans with twist-prong tabs 
for washer or direct-to-
chassis mounting. Top de-
pendability in small size 
at 85°C. ( 185°F.). Sprague 
makes more ratings than 
any other manufacturer. 
Ideal for TV servicing. 

MICAS—of maximum qual-
ity for R-F applications 
where high "Q" and high 
insulation resistance are 
required. There is a 
Sprague mica capacitor for 
everyamateurrequirement, 
from tiny half "postage 
stamp" types to giant 
ceramic-jacketed types. 

11:10LOKIW RESISTORS 
The only resistors wound with ceramic coated wire and 

doubly protected by a glazed ceramic housing and unique 
end seal to guard against moisture. Wires cannot short. 
Koolohms can be mounted anywhere, even flat against a 
chassis or grounded parts. They can be used safely at full 
wattage ratings. 

WRITE FOR SPRAGUE CATALOG C-608 COVERING THESE 
PRODUCTS OR SEE YOUR RADIO PARTS SUPPLIER. 

*TRADEMARK 

PRAO LEE 
PIONEERS IN 

SPRAGUE PRODUCTS company 
(Distributors' Division of Sprague Electric Co.) 

North Adams, Massachusetts 

TRO'IC D' M 
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The Type V-5MT VARIAC . . one of the 

most popular models, will control 
860 watts from a 115-volt circuit, 
supplying output voltages of either 
115 or 135 volts. The rated safe 
current is 5 amperes. This model 
is supplied with protective case 
around the windings, 6-foot line 
cord, convenience outlet and line 
switch. The output voltage setting 

in terms of rated input voltage, 
is shown in large, easily 

read figures on a direct-
reading reversible dial. 

Price: $25.00. 

for Smo-o-o-o-th Voltage Control 
The Variace... the original continuously-
adjustable auto-transformer . . . is the 
ideal a-c voltage control. Ruggedly de-
signed ... readily converted from table 
to behind-the-panel mounting ... with 
very high efficiency and low temperature 
rise, thousands of VARIACS are in 
daily use. 
VARIACS supply output voltages from 

WRITE for the 

VARIAC BULLETIN 

fur Complete Data 

zero to 17 per cent above line voltage. 
They are very useful for compensating for 
low line voltage. In the primary circuit of 
a tube rectifier VARIACS supply a means 
for continuously varying the high-voltage 
d-c output from the rectifier. 
VARIACS are made in a large number 

of sizes and combinations with power rat-
ings from 170 va to 25 kva. 

GENERAL RADIO Company 
975 M•stachus•tts Av•nute, Combridg• 39, M•ssochusetts 

90 Mart St. NEW Togii 6 920 S. Mitlugan Ave. CHICAGO 5 
woo N. & Loon'. St. LOS ANGELES 38 
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McELROle 
MANUFACTURING CORPORATION, LITTLETON, MASS. 

Telephone, Boston Liberty 2-6960-1. Cable, Tedmac, Boston 

MARS and Red Cross and other Emergency Communication Systems please note 

Tens of Thousands of radio operators 
1 la e been t rai i led on :\ le ELROY equipment. 

Hundreds of Radiotelegraph Stations — military, naval, com-
mercial -- use McELROY equipment. 

Now even the Smallest Station 
can convert from manual to auto-
matic operation. 

The McElroy Portable Morse 
Package Unit MP-. ) sturdy, 
light, compact - gives you perforated 
tape keyed transmission and inked 
slip recording at speeds up to 100 
words per minute. 

Technical Information will 

be sent upon request 

110 

Morse Package MP-( ) Morse Package MP-( ) 
Transmitting Receiving 

Morse Package MP-( ) 
Closed 



DEPENDABLE High Speed Communications 

By SKILLED Communications Engineers 

of long EXPERIENCE and INTEGRITY 

Auto Head, Drive and 
Keyer Combination ADK 

Auto Head 
and Drive AHD 

Tape Bridge TTG 

Tape Puller CTP and Reel 

Wheatstone Code 
Perforator PFR 

11 

Recorder, Amplifier and 
Puller Combination RAPC 

Recorder and Puller 
RPC and Reel 

Tap, Itewinder Model CK-1 
Stall-Torgtut Motor 

Teletype or Morse Slip 
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SORT ORANGE 
tadieve• • ae/ft". 

904 BROADWAY, ALBANY 4, N. Y., U. S.A. 

AMATEUR HEADQUARTERS 

CALL ON US FOR NATIONALLY ADVERTISED BRANDS 
OF HAM EQUIPMENT 

A Ham's Dream—Communications 
Receiver SX-71 double conversion set, 
NBFM limiter stage. 538 kc to 34 mc, 
in 5 bands. Plus A 46 to 55 mc band. 
Temperature comp.; voltage regulator. 
1 r-f, 2 converters, 3 i-f stages. Xtal. 
filter, 3-position selectivity. 115 V. AC, 
11 tubes, regulator, rectifier . $224.50 

Precise Selectivity—The S-76—Double 
conversion with 50 kc 2nd i-f. 4-in. "S" 
meter. 540-1580 kc, 1.72-32 mc in 4 
bands. 1 r-f, 2 converters, 2 i-f stages. 
5-position selectivity. Phono input jack, 
3 watt output. 115 V. AC, 9 tubes, regu-
lator, rectifier   $179.50 

Low Price—High Performance!—S408 
—540 kc to 43 mc in 4 bands. Electrical 
band spread. Temperature compensated. 
1 r- f, 2 i-f. 3 watt output. Built-in 
speaker. 115 V. AC only, 7 tubes, plus 
rectifier. ( S-77 — same as S-40B, for 115 
V. AC or DC)   $119.95 

The Finest Buy in SWI —The S-38C — 
Best performance per dollar! 540 kc to 
32 mc in 4 bands. Maximum sensitivity 
per tube— far outperforms ordinary sets. 
Built-in speaker. 115 V. AC or DC. 4 
tubes plus rectifier . . . . $49.50 



WITH 

SONAR 
TWO-WAY COMMUNICATION 

EQUIPMENT 

WeeteCeawyidb &eceiteeeó 

MOBILE OR FIXED 

AND HAM 
STATIONS 
• 

MODEL MR-3 5 BANDS • 8 TUBES 

Equipped 
with BFO 
for CW, 
SSE, or 
spotting 
weak phone 
signals. 

Ideally suited for mobile with its compact size, light-
weight, the MR-3 is excellent for CD, CAP, or any ernergency 
operations. The MR-3 is a COMPLETE 5 BAND RECEIVER— 
NOT a converter—for 80-75, 20, 10-11 mtr bands, with 
less thon 1 microvolt of sensitivity — comes complete with 8 
tubes, one of the best automatic noise limiters yet designed, 
voltage regulated oscillator, accurate slide- C8995 
rule, dial and mounting brackets  Net e 

MODEL SR-9 
• 2 MTRS 
• 6 MTRS 
• 10-11 MTRS 

Here is the hottest little 
RECEIVER on the market 
today. Less thon 1 micro-
volt of sensitivity IRMA 
Standards) the SR-9 really pulls in the weak signals. Many 
have used the SR-9 as the receiver in their fixed stations, its 
so stable and sensitive. Many cities are now using the SR-9 
in their CD operations with great success. Complete with 9 
tubes, automatic noise limiter, voltage regulated oscillator, 
precision slide rule dial and mounting brackets. 
Net  $7245 
(rWei« geernyiereldt.ei t.9;eret.ifreseei, 
FOR • 2 MTRS 

• 6 MTRS 

• 10-11 MTRS 

• 20 MTRS 

MODEL MB-26 
This 6 tube Transmitter is 
designed as the perfect 
companion to the above 
receivers, operating from 
the some power supply of 200 to 300 VDC at 100 ma., and 
instructions for cable connections make push to talk 
operation automatic. Crystal controlled ( 8 or 24 rnc crystol), 
screwdriver adjustments, ant-.nna loading network, power 
supply filter network, all stage meter switching, the MB- 26 
comes complete with mounting brackets and $7145 plugs — less crystal and meter. Net 

(rein 
Sonar makes a complete line of Com-
mercial and Aircraft Equipment for both 
AM and FM. WRITE FOR DETAILS. 

FORT ORANGE 
Long Distance Phone: ALBANY 5-1594 

FOR THE FIRST TIME 

MOBILE or FIXED 

MODEL 

SRT-120 
BAND-SWITCHING 
100 WATT XMTR 

COMPLETELY 
TVI SUPPRESSED 
It's here at last, a 100 watt transmitter small enough physi-
cally ( 12"VI x 71/2 "H x 81/4 "D) to be used for any mobile in-

stallation or CD work and iorge enough and attractively de-
signed for the most exacting shack ... and it's COMPLETELY 

TVI SUPPRESSED. 

Designed, engineered and styled by the Sonar Engineering 
Staff who have given Ham radio complete mobile receivers 
(SR-9 for 2 or 10-11; and the MR-3 all-band, and the com-

panion transmitter MB-26) and who have now combined all 
the needs of the average Ham in one small, powerful package. 
Compare our features with anything on the market today— 

here are our specifications: 

• 100 WATTS PHONE — 120 WATTS C.W. 

• ONE KNOB BAND SWITCHING- 80, 75, 40, 20, 15, 
10-11 and a spare position on the bandswitch for 160, 

6 or any new development. 

• SIMPLE SWITCHING. Switch to the band and tune to 

resonance— THAT'S ALL! 

• HIGH-LEVEL CLASS ' B' MODULATION using any high 

impedance mike, with PUSH-TO-TALK OPERATION. 

• PI-NET WORK AND LOW PASS FILTER BUILT IN. 

• PROVISION FOR EXTERNAL VFO with any length 

coax for car panel mounting. 

• ALL CIRCUITS METERED with front panel switch. 

• AMPEREX 9903 5894A STRAIGHT-THRU FINAL. 

• POWER INPUT: 6.3V at 6.4A; 600 VDC at 350 MA 

MAX. Lower voltage for lower output ( ideal for novice). 

FREE LITERATURE ON REQUEST 

COMPLETE LESS PWR. SUP. & XTAL N et $ 198 "  

RADIO DISTRIBUTING COMPANY, INC. 
904 BROADWAY ALBANY 7, N. Y. 

Cable Address: "UNCLEDAVE" 
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Learn Code the EASY Way 
Beginners, Amateurs and Ex-
perts alike recommend the 
INSTRUCTOGRAPH, to learn code 

and increase speed. 

Learning the INSTRUCTOGRAPH way 
will give you a decided advantage in 
qualifying for Amateur or Commercial ex-
aminations, and to increase your words per 
minute to the standard of an expert. The 
Government uses a machine in giving 
examinations. 

Motor with adjustable speed and spacing 
of characters on tapes permit a speed range 
of from 3 to 40 words per minute. A large 
variety of tapes are available — elemen-
tary, words, messages, plain language and 
coded groups. Also an " Airways" series for 
those interested in Aviation. 

MAY BE PURCHASED OR RENTED 

The INSTRUCTOGRAPH is made in sev-
eral models to suit your purse and all may 
be purchased on convenient monthly pay-
ments if desired. These machines may also 
be rented on very reasonable terms and if 
when renting should you decide to buy the 
equipment the first three months rental 
may be applied in full on the purchase 
price. 

ACQUIRING THE CODE 

It is a well-known fact that practice and 
practice alone constitutes ninety per cent 
of the entire effort necessary to " Acquire 
the Code," or, in other words, learn teleg-
raphy either wire or wireless. The In-
structograph supplies this ninety per cent. 
It takes the place of an expert operator in 
teaching the student. It will send slowly at 
first, and gradually faster and faster until 
one is just naturally copying the fastest 
sending without conscious effort. 

BOOK OF INSTRUCTIONS 

Other than the practice afforded by the 
Instructograph, all that is required is well 
directed practice instruction, and that is 
just what the Instructograph's " Book of 
Instructions" does. It supplies the remain-
ing ten per cent necessary to acquire the 
code. It directs one how to practice to the 
best advantage, and how to take advantage 
of the few " short cuts" known to experi-
enced operators, that so materially assists 
in acquiring the code in the quickest pos-
sible time. Therefore, the Instructograph, 
the tapes, and the book of instructions is 
everything needed to acquire the code as 
well as it is possible to acquire it. 

MACHINES FOR RENT OR SALE 

le -._9t clog rapii 
ACCOMPLISHES THESE PURPOSES: 

FIRST: It teaches you to receive telegraph symbols, 

words and messages. 

SECOND: It teaches you to send perfectly. 

THIRD: It increases your speed of sending and 

receiving after you have learned the code. 

With the Instructograph it is not necessary to impose 
on your friends. It is always ready and waiting for you. 
You are also free from Q.R.M. experienced in listening 
through your receiver. This machine is just as valuable 
to the licensed amateur for increasing his speed as to 
the beginner who wishes to obtain his amateur license. 

Postal eard WILL BRING FULL PARTICULARS 
IMMEDIATELY 

THE INSTRUCTOGRAPH CO. 
4707 SHERIDAN ROAD CHICAGO 40, ILLINOIS 

Representative for Canada—Canadian Marconi Co., P.O. Box 1690, Montreal, Quebec 

114 



IT PAYS TO DEAL WITH WRL 
Any experienced ham will tell you that you'll save time and money if you deal 

with WRL, one of the world's largest distributors of amateur radio transmitting 

equipment. WRL offers wonderfully liberal trade-in allowances on all types of 

used equipment— an extremely flexible time payment plan— as little as 15 

down— no interest charges if bill paid within 60 days. NO RED TAPE— all credit 

arrangements strictly confidential. Special attention given to foreign orders 

through our special export department. CABLE ADDRESS WRL1. 

Leo I. Meyerson 

WÇÓGFCT 

NEW WRL 
GLOBE SCOUT 
TRANSMITTER 
(50 Watts Phone—(W) 

A beautiful, compact XMTR, 

completely self-contained, 

including power supply 

Covers 160M thru 10M. Complete kit includes all parts, 

chassis, panel, power supply, cabinet, tubes, meter and 

one set of coils. 

e 
elitaelfaid 

$99.95 $89.95 
WIRED KIT FORM 

NEW WRL 400-B 
GLOBE KING 
TRANSMITTER 
More Watts Per Dollar 

Our new, 1953 model is the last 
word in a compact, well engineer-
ed transmitter-400 watts phone, 
435 watts CW. TVI proofed. Ef-
ficient performance on all bands 
—10 thru 160. Provisions for ECO 

or VFO. Complete with tubes, 

meters, and one set of coils. 

KIT FORM WIRE-TESTED 

$475.00 $495.00 

GIANT RADIO REFERENCE MAP 
Just naht for your 
control room wallS. 
APoroxirnotely 28" 
>36" Contains time 
zones, amateur 
zones, monitoring 
stations. Mail cou-
pon today 'lc, 

CU ON 10-20 & 75 METERS 

NEW WRL WT 
GLOBE CHAMPION 

TRANSMITTER 

More Watts Per Dollar 

R. F. Section a complete 165 

watt XMTR. Provisions for ECO. 

Automatic fixed bias on Final 

ond Buffer. Class B Speech Mod-

ulator. 165 watt input — 10 

thru 160 meter bands. Complete 

with tubes, meters, and one set 

of coils. Low Down Payments. 

KIT FORM $329. 50 

dim* 
e r.7*ter 

WIRED $34950 

WRL 1953 

CATALOG 

IT'S NEW! IT'S FREE! 

Send For Your Copy 

Contains everything new in 

radio and television. Jam-

packed with bargains. 

LIBERAL TRADE-INS 

LOW DOWN PAYMENTS 

PERSONALIZED SERVICE 

that the U. S. Air Force and 

Signal Corps are now using 

WRI. Globe King and Globe 

Champion Transmitters. 

WRITE TOP DETAILED SPECIFICATION EQUIPMENT SMITE 

COUNCIL BLUFFS. 

IOWA 

NEW LOG 
BOOK 

For mobile or fixed 
station. Spiral bind. 
ing — turns up — Iles 
flat. Full column log 
listing ail FCC dr• 
qutred info. Log will 
secommodal e 1.5 25 
slat Ions. Front and 
hacit cos. 
••9 .• 
lc alphabet. and atna. 
tour interna• c_ 
tIonal prefix,— Led% 

mE IM1 WM IM 

World Radio Laboratories, Inc. HP 53 
744 West Broadway 
Council Bluffs, Iowa 

Please send me 

n New log Book 

[1 New Catalog 

ri Rodio Map ID Used Equipment List 

n Globe Scout Info 
El Globe King Info 
n Globe Champion Info 

Name  

Address 

City  Slate  
mg BIM im RBI IIIII MI UM MI MI MI MI 111 
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3 SP 

'WATERMAN PIONEERING 
`MINIM 

1111100"" 

PULSESCOPE 
LAR 

• • 411e. • 
•• , eeee 

• • e • • 
urn 

,"" Ulf 

Model S-5-A 

PULSESCOPES are Oscilloscopes to portray the attributes of the pulse: such as shape, 
amplitude, duration and time displacement. Both of the PULSESCOPES have Video ampli-
fiers with frequency response up to 11 megacycles with Video delay of 0.55 microseconds 
and pulse rise and fall time better than 0.07 microseconds. 

S-4-A SAR PULSESCOPE—Video Sensitivity 0.5vp 
to p/in. S Sweep 80 cycles to 800KC, either trigger or 
repetitive. A Sweep 1.2 microseconds to 12.000 micro-
seconds. R Delay 3 microseconds to 10.000 micro-
seconds directly calibrated on precision dial. R Pedestal 
(or Sweep) 2.4 microseconds to 24 microseconds. In-
ternal Crystal Markers 10 microseconds and 50 micro-
seconds. Size 9 Xoc 113.1 x 1714". Weight: Less than-
32 pounds. 

S-5-A LAB PULSESCOPE—Video Sensitivity 0.1vp 
to p/in. Sweep 1.2 microseconds to 120,000 micro-

seconds with 10 to 1 expansion. Sweep either trigger 

or repetitive. Internal Markers synchronized with 

Sweep from 0.2 microseconds to 500 microseconds. 

Trigger Generator and built-in precision amplitude 

calibrator. Completely cased. Size: 16;:j x 14% x 141/4". 

Weight: Less than 60 pounds. 

WATERMAN RAYONIC TUBE DEVELOPMENTS 

Since the introduction of Waterman RAYONIC 3MP1 tube for miniaturized oscillo-
scopes, Waterman has developed a rectangular tube for multi-trace oscilloscopy. Identi-
fied as the Waterman RAYONIC 3SP, it is available in PI, P2. P7 and 1311 screen 
phosphors. The face of the tube is 1, 2" x 3" and the over-all length is 9 14". Its unique 
design permits two 3SP tubes to occupy the same space as a single 3" round tube, a 
feature which is utilized in the S- 15-A TWIN-TUBE POCKETSCOPE. On a standard 
19" relay rack, it is possible to mount up to ten 3SP tubes with sufficient clearances for 
rack requirements. All RAYONIC cathode ray tubes are available in PI, P2, P7 and 
Pli phosphors. We are authorized to supply 3SPI, 3JP1 and 3JP7 with JAN stamp. 
All RAYONIC tubes listed below operate on 6.3 volts heater with .6 amp. current. 3 MP 

TUBE 
PHYSICAL DATA TYPICAL VOLTAGES 

DEFLECTION 
FACTOR V/IN. MAX. VOLTS 

Face Length Bose Anode = 3 Anode = 2 Anode = 1 Grid = 1 DI to D2 03 to 04 Anode = 3 Anode = 2 

3JP 
3 inch 
R ound 

10 inches 
Medium 
Diheptol 
12 Pin 

3000 1500 300 to 515 —22.5 to —67.5 127 to 173 94 to 128 
4000 2000 

4000 2000 400 to 690 —30 to —90 1701e 230 125 to 170 

314P 
3 inch 

R ound 
8 inches 

Small 
Ducidecol 
12 Pin 

1000 200 to 350 0 to —68 1401e 190 130 to 180 
2500 

2000 400to 700 0 to — 126 280 to 380 260 to 360 

3SP 
11/2  3 e 
inches 

9.12 inches 
Small 

Duodecol 
12 Pin 

1000 165 to 310 —28.5 to —67.5 73 to 99 52 to 70 
2750 

2000 330 to 620 —58 to — 135 146 to 198 104 to 140 
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THE WATERMAN LINE-UP 

POCKETSCOPER 

HIGH 

HIGH GAIN 
INDUSTRIAL 
POGKETSCOPE 

WIDE BAND 
POCKETSCOPE 

\VIDE and HANDSOME POCKETSCOPES are 
characterized by small size, light weight, and out-
standing electrical performance. All units have fre-
quency compensated attenuators as well as non- fre-
quency discriminating gain controls. All units have 
both periodic and trigger sweeps from cycle to 
50KC. The amplifiers are direct coupled thus fre-
quency response starts from 0 cycles. No peaking coils 
are used, thus, the transient response is good. Full 
expansion of trace. both vertical and horizontal, is 
built in. Means for amplitude calibration are pro-
vided. DC coupling in POCKETSCOPES provides 
unusual stability of the trace, regardless of the line 
voltage changes or variations of impedances in the 

The Model S- 11-A Industrial & Tele-
vision POCKETSCOPE is a small, 
compact, lightweight instrument for 
observation of repetitive electrical cir-
cuit phenomena. The Industrial & 
Television POCKETSCOPE is a com-
plete cathode ray oscilloscope incor-

porating the cathode ray tube, vertical, horizontal, 
and intensity amplifiers, linear time hase oscillator, 
blanking, synchronization means and self-contained 
power supply. The Industrial & Television POCKET-
SCOPE can be used, not only for AC measurements, 
but for DC as well, inasmuch as it has vertical and 
horizontal amplifiers which are capable of reproducing 
faithfully within —2 db, from 0 to 200KC. The sen-
sitivity of the vertical and horizontal amplifiers is high 
and is in the order of 100 my rms/in. 

AND 

Handsome 
'-) I teeN.. '- - ,... 

TWIN TUBE 
MODEL S-14-6 POCKEISCOP( 

k 

‘t «:; 

MODEL S- I5-A 

input circuit. The 131. WIDE and HANDSOME 
POCK ETSCOPES are the outgrowth of Waterman 
pioneering of the first (.- immercial miniature oscil-
loscope, which has proved to be useful and reliable. over 
a period of years. Combination filter and graph screens 
are used for better visibility. thus traces can be observed 
even under high ambient light conditions. Binding posts 
for convenience of connections, with an effect ive shield. 
are used. S- 1-1-A has sensitivity of 10 mv/inch with 
pass band above 200KC. S- I1-13 has sensitivity of 50 
mv/inch with pass hand above I megacycle. S- 15-A is 
similar to S- 1-1-A except that it has two independent 
CR Tubes for multi-trace oscilloscope work. Acces-
sories such as carrying cases and probes are available. 

Model S- I2-13 RAKSCOPE 
has the features of S- 11-A • 
POCKETSCOPE. plus. Th, • fle‘ ; 

RAKSCOPE is JANized and the government government model number 
S-12-11 

is OS- 11. The Sweep. from 5  
cycles to 50KC is either repetitive or triggered. Vertical 
and horizontal amplifiers are 50 millivolts rois per inch 
with hand pass from 0 to 200KC. Special calibrating 
circuitry is provided for frequency comparison. Both 
the vertical and horizontal amplifiers are identical and 
use no peaking. The panel is only 7" high and the 
scope fits standard rack. The functional layout of the 
control permits ease of operation. 

•air 1 

'\YIATERMAN NIODUCTS CO., INC. 
U.S.A. n2Illr■••----- PHILADELPHIA 2 5 , PENNA., 

CABLE ADDRESS, POKETSCOPE, PHILA. 

Manufacturers of POCKETSCOPES • RAKSCOPES • PULSESCOPES , and RAYONIC TUBES 
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BOB HENRY 
gives terrific 

trade- ins— 

easy 

credit terms 

on new hallicrafters 

MODEL HT- 20 ... T.V.I. proof 100 watt 

AM-XW transmitter with all spurious outputs at least 

90 d b. below full rated output. All stages metered; single 

meter with eight position meter switch; output tuning 

indication. Frequency range of 1.7 Mc to 30 Mc con-

tinuous on front panel control. Provisions for external VEO. 

Seven tubes plus five rectifiers. For 117 V. 60 cycle. 

$449.50 

MODEL SX-71 . . . Double superheterodyne 

circuit plus built-in Narrow Band FM reception. Tempera-

ture compensated, voltage regulated. 5 position band 

selector for 538-1650 Kc, 1600-4800 Kc, 4.6-13.5 Mc, 

12.5-35 Mc, 46-56 Mc. 11 tubes plus voltage regulator 

and rectifier. $224.50 

Choose from our complete stock of new Hallicrafters 

receivers and transmitters. Prompt delivery plus 90-day 

FREE service. I have a payment plan for you. Write, 

wire, phone or visit either store today! Export orders 

welcome. 

MODEL S-76 ... Dual conversion ( 1650 Kc 

and 50 Kc). Four bands 538-1580 Kc, 1720 Kc to 32 Mc. 

5 position selectivity. Sensitivity 2 microvolts or better 

with 5 watt output. 9 tubes plus regulator, rectifier. 
$179.50 

MODEL SX-62 ... AM, CW or FM with 

continuous coverage from 540 Kc to 109 Mc in six bands 

and 27-109 Mc FM. Fourteen tubes plus regulator, 

rectifier. $299.50. Other popular Hallicrafters models: 

S- 38C $49.50; S-72 $ 109.95; S-72L $ 119.95; 

S-408 $ 119.95. 

Butler 1, Missouri 

Phone: 395 HENRY RADIO STORES 
11240 Olympic Blvd. 

LOS ANGELES 64 

BRadshaw 2-2917 

"LARGEST DISTRIBUTORS OF SHORT WAVE RECEIVERS" 
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HENRY RADIO 

offers YOU: 

LOW PRICES: You can't beat my wholesale prices. 

FAST SERVICE: You get fast service. I have big stocks of Collins,  Nationl 

a, 

Hallicrafters, Hammarlund, RME, Johnson, Ha-Wells, Lysco, Gonset 

all Other 
, 

Millen, Morrow, Mallard, E/mac, Master Mobile ,r veyHy•Lite, Babcock, receiver; transmitters, parts at lowest prices. 

BIG TRADES: I wnt -ins. I trade big. Tell me what you wont--wh 

TIME PAYMENTS at 

You to trade.a trade 

Get my offer. I pay cash for receivers and transmitters 

too. 

: Get what you want and pay . I give you better terms because I finance all terms myself. W te for details, 
SATISFACTION: T by 

ry any communications receiver ten days—. if you return 

ny ham 

it your on/y 
rite 

month cost is shipping charges. I want you to be satisfied. Ask o 
about Henry Radio. 

PERSONAL ATTENTION: You get personal  attention. Bob Henry, WOARA, 
runs the Butler store. Ted Henry, VV61/0U, runs the Los Angeles store. Bob 
Henry can be reached nearly 24 hours a day, 7 days a week. Write, phone, 
wire or visit either store. Send us your orders and inquiries. Export inquiries 
solicited too. 

I/4 

Butler '' Missouri 

Phone: 395 Y RADIO STORES LO A w 2-29 7 

112 4S _od Olympic 
GELES 6 

BRo 

"LARGEST DISTRIBUTORS OF SHORT WAVE RECEIVERS" 
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"EL" XENON GAS-FILLED TUBES 

RECTIFIERS 

II 
FULL WAVE RECTIFIER FULL WAVE RECTIFIER 

EL IC EL 3 C 
D.C. Output (Amps.)  1.0 D.C. Output (Amps.) .. 2.5 
Peak Anode Current  4.0 Peak Anode Current .. 10.0 
Peak Inverse Volts  725 Peak Inverse Volts .... 725 
Filament Volts   2.5 Filament Volts   2.5 
Filament Amperes   6.0 Filament Amperes   11.5 
Overall Length  51/2 " Overall Length   7" 

FULL WAVE RECTIFIER 
EL 6 C 

D.C. Output (Amps.)  6.4 
Peak Anode Current  25.6 
Peak Inverse Volts  725 
Filament Volts   2.5 
Filament Amperes   17.0 
Overall Length  7½" 

GRID CONTROL RECTIFIERS 

(THYRATRONS) 

EL CIK 
D.C. Output (Amps.)  1.0 
Peak Anode Current  8.0 
Peak Forward Volts  1000 
Peak Inverse Volts  1250 
Filament Volts   2.5 
Filament Amperes   6.3 
Overall Length  41/2 " 

EL CIK/A 
D.C. Output (Amps.)  1.0 
Peak Anode Current  8.0 
Peak Forward Volts  750 
Peak Inverse Volts  1250 
Filament Volts   2.5 
Filament Amperes   6.3 
Overall Length  41/2 " 

't. 

EL C31 
D.C. Output (Amps.)  2.5 
Peak Anode Current  30.0 
Peak Forward Volts  750 
Peak Inverse Volts  1250 
Filament Volts   2.5 
Filament Amperes   9.0 
Overall Length  6Va" 

EL (WA 
D.C. Output (Amps.)  2.5 
Peak Anode Current  30.0 
Peak Forward Volts  1000 
Peak Inverse Volts  1250 
Filament Volts   2.5 
Filament Amperes   9.0 
Overall Length  6V0" 

ENGINEERING MANUAL & 

CATALOG WILL BE SENT AT 

YOUR REQUEST 
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EL C61 
D.C. Output (Amps.)  6.4 
Peak Anode Current  77.0 
Peak Forward Volts  750 
Peak Inverse Volts  1250 
Filament Volts   2.5 
Filament Amperes   21.0 
Overall Length   9" 

EL C61/A 
D.C. Output (Amps.)  6.4 
Peak Anode Current  77.0 
Peak Forward Volts  1000 
Peak Inverse Volts  1250 
Filament Volts   2.5 
Filament Amperes   21.0 
Overall Length   9" 

Ti  

HALF WAVE RECTIFIER 
EL 68 A EL 6F 

D.C. Output (Amps.)  6.4 
Peak Anode Current  40.0 
Peak Inverse Volts  920 
Filament Volts   2.5 
Filament Amperes   21 
Overall Length (68)   9" 
Overall Length (6F)  8%" 

(Panel Mounting) 

• 

EL CI61 
D.C. Output (Amps.)  16.0 
Peak Anode Current 160.0 
Peak Forward Volts  1000 
Peak Inverse Volts  1250 
Filament Volts   2.5 
Filament Amperes   31.0 
Overall Length   10" 

(Panel Mounting) 

HALF WAVE RECTIFIER 
EL 16F 

D.C. Output (Amps.)  16.0 
Peak Anode Current  96.0 
Peak Inverse Volts  620 
Filament Volts   2.5 
Filament Amperes   36 
Overall Length   15¼" 

(Panel Mounting) 

EL C6C 
D.C. Output (Amps.)  6.4 
Peak Anode Current  77.0 
Peak Forward Volts  2000 
Peak Inverse Volts  4000 
Filament Volts   2.5 
Filament Amperes   24.0 
Overall Length   11-



MINIBOXES 

For Fast Service ... 
For a Complete 
Selection of 

13UP 
PRODUCTS 
order from . . . 

ealtaMh 

CODE PRACTICE 

OSCILLATORS BRACKETS 

CHASSIS BOXES 

CABINETS CONDENSERS 

FREQUENCY 

CALIBRATOR 

WAVE TRAPS DIALS CASES COUPLINGS 

RACKS 

Whatever your needs for Bud electronic 
components or sheet metal products, you 
can depend on us to supply them promptly. 

We carry the most complete line of Bud 
Products for the amateur, for communica-
tions systems and industrial purposes. You 
don't have to be an expert to select the 
proper electronics component, just rely on 
our experts to give you the proper advice. 

Buy "Bud" and you know you are getting 
the best! 

All prices 
F.O.B. St. Louis 

Phone 
CHestnut 1125 

adJ 
RADIO CO. 

THE HOUSE OF " SURPRISE" TRADE-INS 

U25 PINE ST.. ST. LOUIS 1 , MO. 

METER CASES 

.e.S.cereide 
TRADE-IN ALLOWANCES 
on your used ( factory-built) commu-
nication equipment. Get your trade 
in deal working today. Use handy 
coupon below. 

FREE CATALOG! Send for your copy today 

Walter Aube Radio Co. RAH- 53 
1125 Pine St., St. Louis 1, Mo. 

D Rush "Surprise" Trade-In Allowance on my used . 

(indicate make and model number of used equipment) 

for new  
(identify by model number) 

Send new 1953 catalog containing section on Bud products. 

Nome  Address 

City.  Zone State 
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Be Sure of Your Installations 

Get the teide -7edeed 

RG/U TRANSMISSION 
LINE CABLES 

• You know what you are doing when you use Belden RG/U Trans-
mission Line Cables- they're aptitude rated. They are designed to 
provide desirable electrical characteristics, and rigid control assures 
constant quality. Specify Belden Radio Wires. 
Belden Manufacturing Co., 4617 W. Van Buren St., Chicago 44, Ill. 

APTITUDE RATING APTITUDE RATING APTITUDE RATING 
No. 8236 No. 8237 No. 8238 

Frequency Attenuation Frequency Attenuation Frequency Attenuation 
(Mn) per 100 ft (Mc) per 100 ft (Mn) per 100 ft 

100. 2.65 
200. 3.85 
300. 4.80 
400. 5.60 

100. 2.10 
200. 3.30 

.300. 4.10 
400. 4.50 

100. 1.90 
200. 2.85 
300. 3.60 
400. 4.35 

APTITUDE RATING 
No. 8239 

Frequency Attenuation Frequency 
(m.) per 100 ft 

APTITUDE R 
No. 8241 

100. 3.10 

200. 4.40 
300. 5.70 
400. 6.70 

100. 

200. 
300. 
400. 

Attenuat) 
Per 100 ft 

3.75 
5.60 
7.10 3 
8.30 400. 

To You, 

Belden's Golden Anniversary Means 

-product performance that 
can come only from a "know-

how" that has grown through 
actual service since the 

inception of Radio. 

-an ability to co-oper-
ate in pioneering new 
wires to meet or antici-

pate industry's grow-
ing needs. 

In the years that 
follow 

This Belden 
Program Is-

-TO RE CONTINUED 
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THIS VALUABLE BOOK 
ALL ABOUT CODE 

FREE 

BEGINNERS. 
fere's your chance to learn rook quickly and easily to get 
maximum speed and proliei..n.,s in rode operation . • • right in 
your i/W11   The fort>. ear re.ord of the CANDLER S) S-
TENI ii, ir : • • beg' •r, In & tulip and apply their taunts 10 
top Speed and efficiency is sound i:roof of what the CAN 
Sr STE NI offers YOU. 

HERE'S WHAT WORLD CHAMPION TED McELROY 
SAYS ABOUT THE FAMOUS CANDLER SYSTEM 

"My skill and speed are the 
result of the exclusive, sci-
entific training Walter Cand-
ler gave me. Practice is 
necessary, but without 

proper training to develop Concentra-
tion, Co-ordination and a keen Perceptive 
Sense, practice is of little value. One is 
likely to practice the wrong way." 
McElroy is the Official Champion Radio Operator, 75.2 
w.p.m. won at Asheville Code Tournament, July 2,1939. 

LEARN CODE 
THE EASY CANDLER WAY 
Think . of the thrills and excitement you tutu have 1.0111 44444 nicat-

ing ei ale with people all over the world ... when you her ttttt e a 
good Xmateur Operator. Or, you may have your sights net on 
becom ing a highly -paid. expert l'aitomercial t fiber• If or. In either 
ease. MU, OlIld   lear ll i ll g the fundamentals of 
code;tending and recci. Mg and tile pr .,'Willie. or fa.o. efficient 
operatioog . itlo the lllll us C .\ \ I ) 1.111 SY STI \ I. 

OPERATORS ... THIENCCHREAAMSPEIOSPNEECDANaDndLESRK WILLAY 

1re you hoping for :t nice pro lllllll ion ... a bigger molars • , •,-
an expert I ) I,,'e,-,t I hen, non. the Hine 10 i prove YOUr 
and skill in code r,hot,... and rowei,ing. The CV\ OLF:If 51> I l St 
oF ‘)11.1: i\ - sou faun 10 improve your rode tech-

nique .1-. 1,...gi deVelop t our skill to tile high.•-i 
pciint .•Iiininate toe - !elision and pillie tilt` WilY tit a Pop. 

loraeket position as an ,, wrt tper  

lllll al g• - 1.8,1,11 training to develop 
I lie',Iv, -Lill and . p.....1 sou 01,d In lee a SlIerieSS(111  •reial 

The ( NNI)1.ER til S'11:%1 :sffers cola that tr.  • • g in 
. thorough and interesting way. It is the outstanding 

iii -il, al that has :leveloped thousands of lirst-elass operators — 
I harm  fr  ordinary operators. There is a course to 

requirements.... and .visur budget.... in the CANO-
- -• VEAL 

FIND OUT HOW THE CANDLER SYSTEM CAN HELP YOU. SEND NAME AND ADDRESS 
ON COUPON OR POSTCARD FOR FREE COPY OF CANDLER BOOK OF FACTS. 

CANDLER SYSTEM CO P.O. Box 928, Dept. 26, Denver 1, Colorado, U. S. A. 
• I Or: 526, Abingdon Rd., Kensington High St., London W.8, England 

SPECIAL COURSES FOR 

BEGINNERS & OPERATORS 

The SCIENTIFIC CODE COURSE, especially designed for the 

beginner. Teaches the basic principles of code operation 

scientifically. 

The HIGH SPEED TELEGRAPHING COURSE, intended for the 
operator who wishes code speed and skill to become a good 

operator or a better one faster. 

The HIGH SPEED TYPEWRITING COURSE, designed for those who 

desire typewriting proficiency and speed. Especially designed 
for copying messages and oress with typewriter. 

FREE! — MAIL COUPON NOW!--- --

CANDLER SYSTEM CO., Dept. 26, 

P.O. Box 928, Denver 1, Colo. 
Or: 52b, Abingdon Rd., Kensington High "D., London W.8, England 

I am a beginner. I am an operator. 

Gentlemen: Yes ... I'm interested in the CANDLER Code Training 

System. Please rush my FREE copy of the CANDLER Book of Facts 
today. 

Nome  

Address   

City  Zone. . State  
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COMPLETE OUTFITTERS 

for the HAM . . . 

COMMUNICATIONS 

AND 

ELECTRONIC 

ENGINEERS 

EUGENE G. WILE 
218-220 South 11th Street Philade!phia 7, Pa. 

Kingsley 5-8370 

Distributors of 

Nationally Advertised Lines of 

RADIO, TELEVISION and ELECTRONIC Parts 

124 



ADVANCE 
RELAYS 

FOR EVERY APPLICATION 

Series 300 F Series 950 

Type: 961 C; 

962 C; 963 C Type 400 

Series 1000 Series 600 

Type: - 

K 1504 RF ( AC); 

K 1604 RF ,DC) 

Series 1200 

• ▪ Series K 1500 (AC); 
• K 1600 (DC) 

COMMUNICATION 

AIRCRAFT 

ELECTRONICS 

INDUSTRIAL  I  

Whatever your relay requirements may 
be, and whatever you need in the way of 
specialized facilities, ADVANCE is 
equipped to help you. 
Here are capable personnel and modern 
machines of a specialized organization 
with a 37-year record of successful 
operation. 
Here are unexcelled facilities for the 
development and production of preci-
sion relays for general industry. 

TYPE USE CONTACTS COIL VOLTS SIZE 

SERIES 300 F TIME DELAY Vi" SILVER 
SPDT-DPDT 

6.12.24-110-220 A.C. 
6-12-24.48.110.220 D.0 

3%" a 2%" a 

SERIES 950 INDUSTRIAL 
CONTROL 

%" SILVER 
SPDT 

I to 440 VAC 
1 to 220 VDC 

2%" a 1%" 

SERIES 960 INDUSTRIAL 
CONTROL 

V," SILVER 
DPOT 

I to 440 VAC 
1 to 220 VDC 

2%" olVa 1%" 

961 C 
962 C 
963 C 

30-AMP 
INDUSTRIAL 
CONTROL 

%" ELKONITE 
D.54; SPST-NO 
or NC, SPDT 

Ito 440 VAC 
I to 220 VDC 

3" a 2" a 

SERIES 400 ANTENNA. 
CERAMIC 
INSULATED 

Vi" SILVER 
DPOT 

1 to 440 VAC 
1 to 220 VDC 

3%' a 2%" a 1 154" 

SERIES 1000 ANTENNA. 
CERAMIC 
INSULATED 

Vs" SILVER 
DPDT 

I to 440 VAC 
I to 220 VDC 

2%" o 1'4" o 

SERIES 600 LATCHING 
ELECTRICAL 
RESET 

IA" SILVER 
DPDT 

I to 440 VAC 
1 to 220 VDC 

3%" a 2%" a 2%," 

SERIES 750 OVERLOAD 
ELECTRICAL 
RESET 

V." SILVER 
DPST 
NORMALLY 
CLOSED 

TYPE A 250. 
500 MA 
TYPE I 500-
1000 MA 

4" a 2%"rt 24‘," 

SERIES 1200 ULTRA SENSI. 
TIVE D.C. 
RELAY 

I AMP AT 
110 VAC 
NON-INDUCTIVE 

1 to 40,000 
OHMS 

2,4" a 2" a 1%" 

K 1504 RF (A.C.) 
K 1604 RF (D.C.) 

MIDGET 
ANTENNA 
SILICONE. 
GLASS 
INSULATION 

V‘" SILVER 
DPDT 

1 to 220 VAC 
1 to 150 VDC 

I%"a %" a PA" 

SERIES 
K 1500 (A.C.) 
K 1600 (D.C.) 

MIDGET 1%,, ... 

h"," SILVER 
SPDT or DPDT 

1 to 220 VAC 
I to 150 VDC 

1%" or 06" a We 

7200 

7204 

COAXIAL %" SILVER 
SPOT AND WITH 
3(,,," Silver 
DPDT AUX. 

I to 440 VAC 
1 to 220 VDC 

3'4." o 1 k." . 3%" 

• 
.14 

Type: 7200; 7204 

Illustrated are a few typical examples of 
the ADVANCE relay line. The complete 
line includes sensitive, midget, midget 
telephone, keying, instrument, time de-
lay, overload, transmission line, hermet-
ically sealed and ceramic insulated types 
and variations. 
For accurate circuit behavior ... lower 
unit cost ... increased efficiency ....and 
uniformly high quality relays — 
specify ADVANCE. 

Write for new, descriptive Catalog containing detailed information 

about ADVANCE Relays and facilities. 

ADVANCE ELECTRIC AND RELAY COMPANY 
2435 NORTH NAOMI STREET, BURBANK, CALIFORNIA 

Sales Representatives in Principal Cities of U. S and Canada 



ABSORPTION 

FREQUENCY METER 

Model 3256 

VOLT-OHM-MIL-AMMETERS 
for your every need 

Note . . . These Sensational Improvements 

TRIPLETT Model 630 
* Large 51/2 Inch Meter in special mold ad case under panel. 
* Resistance Scale Markings from .2 Ohms to 100 Megohms. Zero Ohms control 

flush with panel. 
* Only one switch. Has extra !urge knob 21/2 " long, easy fo tuns, flush with panel 

surface. 
* New molded selector switch, contacts are fully enclosed. 
* All resistors are precision him or wire wound types, all sealed in molded 

compartment. 
* Unit construction— Resistors, Shunts, Rectifier, Batteries all are housed in a 

molded base built right over the switch. Provides direct connections without 
cabling. No chance for shorts. 
* Batteries easily replaced—New Double Suspended Contacts. 
* Ranges: DC Volts 0 to 6022, 23,000 Ohm Volt; At: Volts 0 to 6220, 5000 
Ohm Volt: Dll, - 30 to - 70; Direct Current from 0-50 Microamp. to 0-12 
Amps; Resistance. 0-1000-10,033 Ohms, 0-1-103 Msgs. 

POCKET SIZE Model 666-R 

A band-switching, tuned absorption 
type frequency meter that covers five 
amateur bands. Has Germanium 
crystal and a DC Milliammeter indi-
cator for greater sensitivity. Direct 
calibration on panel — no coils to 
change. Switching permits instanta-
neous band change. Audio jack pro-
vides for monitoring of phone signals 
— another new feature. Calibration 
is in Megacycles in following bands: 
3.5-4 MC; 7-7.3 MC; 14-14.4 MC; 
20-21.5 MC; 28-30 MC. Coil is re-
movable and other coils may be sub-
stituted for special bands. Useful for 
checking: Fundamental frequency of 
oscillating circuits; Presence, order 
and relative amplitude of harmonics; 
Parasitic oscillations, etc. Size: 71/2" 
a 21/2 " x 214". Metal case with gray 
enamel finish black trim. 

A COMPLETE LINE OF METERS 

Triplett panel and portable meters 

are available in more than 26 case 

styles — round, square and fan — 

2" to 7" sizes. Included are volt-

meters, ammeters, milliammeters, 

millivoltmeters, microammeters, 

thermo-ammoters, DB meters, VU 

meters and electrodynamometer type 
instruments. 

Address all inquiries to Dept. Q-53 
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For your AC and DC 
Voltage, Direct Current and 
Resistance analyses to 3 
Megohms. Enclosed selector 
switch of molded construc-
tion keeps dirt out. Retains 
contact alignment perma-
nently. Unit Construction — 
All Resistors, shunts, recti-
fier and batteries housed in 
a molded base integral with 
the switch. Eliminates 
chance for shorts. Direct con-
nections. No cabling. All pre-
cision film or wire-wound 
resistors, mounted in their 
own compartment- assures 
greater accuracy.3" 
RED .DOT Lifetime Guaran-
teed instrument. Red and 
black markings on a white 
background. Easy to read 
scale. Precalibrated recti-
fier unit. Self-contained 
batteries. 

RANGES: AODC Volts: 0-10-50-250-1000-5000, 
1000 Ohms Volt; Direct Current: 0-10-100 Ma.. 
0-1 Amp.; Resistance: 0-3003-333,000 Ohms, 3 Meg. 
Black molded case, completely insulated, 3,/,," x 
57/8" x 2 ', 16". White panel markings. 

Model 666-HH VOLT-OHM-MILLIAMMETER 
A complete miniature laboratory hr DC-AC Volt-
age, Direct Current and Resistance analyses. The 
answer to V-O-Ma, requirements of radio service-
men, amateurs, industrial engineers, etc. Greater 
scale readability on the 3" RED•DOT Lifetime 
guaranteed instrument with red and black scale 
markings. Simplified switching. 

RANGES: AC-DC Volts: 0-10-50-250-1000-5000, 
1000 Ohm Volt; DC Ma: 0-10-100-500; OHMS: 
0-2000-400,000. Self-contained plug-in batteries. 
Black molded case, completely insulated, 3 
x x 2 ' Panel with white markings. 

III 

FOR THE MAN WHO TAKES PRIDE IN HIS WORK 

Triplett 
TRIPLETT ELECTRICAL INSTRUMENT COMPANY • BLUFFTON, OHIO. U.S.A. 



Model 50D "Aristocrat." Model 80 Crystal Microphone. So 
World's finest dynamic tiny it hides in your palm. Trim, 

microphone. modern and a big performer on 
stand or in the hand. 

Model 51D Dynamic. 
Exceptionally high 
quality at a new 

low cost. 

Model 70 
Dynamic or Carbon, 

Watertight, dust-proof, 
corrosion-proof. 

Vs, 

Model 33X-33D 
Crystal or Dynamic 

Model 99 
Dynamic 

Model 22X-22D 
Crystal or Dynamic 

eteeptafteueed UNLIMITED! 
Model 20X-20D-20R 

Crystal, Dynamic 
or Carbon. 

Model 
9R-9D-9X 
Dynamic, 
Carbon or 
Crystal 

IN CANADA: 

Canadian Marconi Co., Toronto, Ont. and Branches. 

EXPORT: 

Ad Aurierna, Inc., 89 Broad St., New York 4, N. Y. Crystals licensed under patents of Brush Development Co. 

buy TURNER for 
... UNLIMITED QUALITY 
... UNLIMITED VALUE 

. UNLIMITED SELECTION 
Turner microphones are designed to outperform and 
outlast under the most severe service conditions. Com-
pare for quality . . . value . . . selection. Then buy 

Turner — the best on the market for your money. 
Write for literature. 

THE TURNER COMPANY 
931 I7th St., N. E. Cedar Rapids, Iowa 



Here's 6 Good Reasons 

Why Amateurs and Industrials 

Prefer Doing Business with 

HARRISON ... 

fi? 

And Telephone BARCLAY 7-7777 • • . First! 

They like the speedy, accurate and de-
pendable service that our experienced 
Harrison organization has the ability 

and desire to render! 

They know that Harrison's efficient 
business methods and large scale pur-
chasing enables us to sell everything 
at the lowest possible prices...always! 

They have found by pleasant experi-
ence that Harrison's tremendous inven-
tory most usually contains the compo-
nents needed to keep a production line 
rolling — the equipment that can expe-
dite a development project — the parts 
urgently required to complete a rig or 
a station—the tubes to keep on-the-air! 
In short . • . "Harrison Has It!" (Or 
has advantageous factory contacts.) 

They value the savings in expense and 
effort available through centralized 
purchasing. A single Oraer to Harrison 
can bring the products of over 200 
leading electronic parts and equipment 

m anufacturers. 

They appreciate the security afforded 
by Harrison's guarantee of complete 
satisfaction with every item and with 

every transaction. 

They have confidence in a company 
that has been continuously successful 
since 1925, and we here at Harrison are 
mighty proud of our 28-year reputation 

tor integrity. 

............. 

If you are not already one of our cus-
tomer friends, enjoying the many ad-
vantages of having Harrison as your 
prime source of supply, we ask the 
opportunity of serving you, too. It will 
be a mutual pleasure! 

I leeeliaee ee.44teOtele . • • 
ARRISOH HAS IT, 

FREE! BUYERS' GUIDE 
Ask your Electronic Parts and Equip-
ment Purchasing Agent to write our 
Industrial Sales Department for his 
copy of the new edition of this 1200-
page Radio's Master Encyclopedia. 

225 GREENWICH ST. • NEW YORK 7, N. Y. 
Cable Address: HARRISORAD 

JAMAICA BRANCH: Hillside Ave. at 172nd st. • REpublic 9-4102 
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The Complete Story . . 
of ARRL publications and printed forms follows, emphasizing the 

League's policy of providing all services within its power by making 

available complete and timely publications on amateur radio. Con-

stantly revised to keep abreast of changing regulation, application 

and technique, League publications are practical, accurate and 

authoritative, prepared at the ARRL Administrative offices, the na-

tional and international headquarters of radio amateurs. Whether 

a novice or old timer, an amateur or engineer, you will find ARRL 

publications invaluable in helping you to a greater understanding 

and enjoyment of electronics. 

The AMERICAN RADIO RELAY LEAGUE, Inc. 
W EST HARTFORD 7, CONN. 

1)1 

di. 

. . • • Er _ •••• • . 
• • • 
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ihe radio 
amateur's 
handbook 

.3 00 

Pllill$111. IT 1111'.12.1 IMO MAI EEEEE I 

casT Ranking high among the leading technical publica-

tions of the world, OST presents cover to cover reading 

each month. The oldest continuously published radio magazine ( it was founded 

in 1915), its technical articles are aimed at all classes of radio enthusiasts. Articles o 

radio theory literally point word pictures for easy and thorough understanding of th 

subject . . . construction articles are clearly illustrated with picture! and diagram 

Typography and clarity are tops. Through the years its pages have presented man 

famous "firsts" in the radio field. General interest articles and specie! column! abounc 

Complete advertising coverage. Truly, the "complete magazine on amateur radio." 

OST and ARRL membership $4 in USA, $ 4.25 in Canada $5 Elsewher 

The RADIO AMATEUR'S HANDBOOK Internationally recoç 
sized as one of th 

most valuable and widely used books in electronics, the Radio Amateur's Handbook 
universally consulted by both amateur and professional alike. Its more than 700 pag€ 
are annually revised and modified in the light of current application and techniqu. 
Known as the standard manual of amateur radio communication, the Handbook is faun 

on the desks of executives, engineers, technicians and purchasing agents of the radi 

industry as often as in the shacks of radio amateurs throughout the world. In its capacil 
as a text alone it is widely used in radio schools, colleges and the Armed Forces. Twent; 
seven chapters plus a catalog section including invaluable complete data on all types 

vacuum tubes. 

$3 USA proper $3.50 US Possessions and Canada $4 Elsewhe, 

Buckram Bound Edition $5 Everywhere (prices are postpaid) 

HOW TO BECOME A RADIO AMATEUR Pointing the way fat the b' 

ginner, How to Become 

Radio Arnat.ur tells what amateur radio is and how to get started in this fascinatir 

hobby. Through its pages in clear, concise language you learn about amateur radi 

Special emphasis given to the needs of the Novice licensee with three complete simp 

stations featured. 

50ë postpaid (no stamps, please) 

THE RADIO AMATEUR'S LICENSE MANUAL Study guide und refe 

ence book, the Lices 

Manual points the way toward the coveted amateur license. Complete with typical que 

tions and answers to all of the FCC amateur examinations— Novice, Technician, Generc 

Advanced and Extra- Class-- it provides an ideal means of self- study and examinatio 

Continually kept up to date. Complete FCC regulations included. 

50c postpaid (no stamps, please) 
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THE ARRL ANTENNA BOOK 
A complete book on antennas and antenna systems representing un 

accumulation of years of practical experience and know-how. Its sixteen 

chapters are divided into two principal divisions: ( I ) a basic text on antennas and trans-

mission lines, wave propagation and its relationship to antenna design, and the perform-

ance characteristics of directive antenna systems, and ( 2) specific designs for a multitude 

of antennas for various amateur bands. 268 pages, 408 illustrations. 

$1 1.154 proper, $1.25 618ewhere 

A COURSE IN RADIO FUNDAMENTALS A complete course of study 

for use with the Radio Ama-

teur's Handbook, lt enables the student to learn thoroughly the principles of radio by 

following the time tested principle of "learning by doing." Study assignments, experi-

ments and examination questions make this book equally applicable to individual home 

study or classroom use. Eight parts lead the student from basic Electricity and Magnetism 

to Wave Propagation and Antennas. 

50c postpaid (no stamps, please) 

HINTS AND KINKS If you build equipment and operate an amateur 

radio station you will find Hints and Kinks a mighty 

valuable book in your shack and workshop. More than 200 practical ideas plus a surplus 

conversion section give you a helping hand at all times. 

$1.00 USA proper, $1.25 Elsewhere (postpaid in the US, US possessions and Canada) 

LEARNING THE RADIOTELEGRAPH CODE Supplying the key toward 

mastery of the International 

Morse Code, this publication trains you to handle the code skillfully and easily. Based on 

the accepted method of "sound conception," it is a boon to the beginner without access 

to the help of an experienced operator or code machine. Practice material for both 

home study and classroom use, as well as general operating information, is included. 

25e pos.paid (no stamps, please) 

immomm=ii 

HINTS 8c 
KINKS 

lot the Radio Amateur 
A 'Imp« um. 

▪ 131 lb.«, K. 
th• IF« lémAce 

leween Ph. I« Su, 
• C.....etem Sectula 
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ARRL WORLD MAP Printed in eight colors an 
heavy map paper with 267 

countries clearly outlined. Call letter prefixes printed on the coun-

tries and in the margin. Continental boundaries and time zones 

plainly marked. Thirteen countries have call districts indicated. 

An equi-distant azimuthal projection centered on Wichita, Kansas. 

Prepared by ARRL and Rand-McNally. 

$2.00 postpaid anywhere in the world 

GIST BINDERS No need to let your copies of QST rest in 

a disordered pile. „• A QST Binder will 

keep them neat and orderly. Sturdy binders hold a one year file, 

protecting and preserving your copies. OSTs in the Binder open and 

lie flat at any page permitting quick and easy reference. 

$2.50 available in the U.S. and possessions only 

ARRL LIGHTNING CALCULATORS Quick as a flash the answer is yours 

when you use an ARRL Lightning Cal-

culator to solve your radio problems. TYPE A provides rapid, accurate and simple solu-

tions of problems involving frequency, inductance and capacity. TYPE B provides direct 

reading answers to Ohm's Law problems involving resistance, voltage, current and power. 

An invaluable aid for the amateur, technician or engineer. $ 1.00 each postpaid anywhere. 

LOG BOOK Record keeping made easy. Fully ruled 81/2  by 11 inch pages with legible headings per-

mitting all necessary entries. Spiral bound to lie flat when open. 50c USA proper, 60c else-

where. Available in looseleaf form ( 3-hole) at 100 sheets for 75é. 

MINILOG Mobile and portable operational needs are met by this pocket size log. Spiral bound, 4 by 6 

inch pages. Headings for all necessary information. 30c USA proper, 35é elsewhere. 

RADIOGRAMS 

35c. Also available in the 

STATIONERY 

500 sheets, $2.50 

First impressions are important. Official ARRL Radiogram Forms printed on high grade 

paper add prestige; informs the addressee about amateur radio. Per pad of 70 blanks, 

same form on postcards. 4c each stamped, 2c each unstamped. 

ARRL members' stationery is available on quality bond paper in standard 81/2 by 11 inch 

sheets. Ideal for all amateur radio correspondence. 100 sheets, $ 1.25; 250 sheets, $ 1.50; 

ARRL EMBLEM Found wherever amateurs gather as a hallmark of distinction and frater-

nalism. With both gold border and lettering on a black enamel back-

ground it is available in either pin (with safety clasp) or screw back button type ( 24K polished extra 

heavy gold plate). Available also as a mounted printing electrotype for use by members on amateur 

printed matter. $ 1.00 each postpaid. 
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Designed with the Ham in Mind 

Here are capacitors constructed with the 

care given to making jeweled watches; built 

by precision craftsmen with long experience 

and with the knowledge that quality is a 

major requirement for good ham operation. 

The circuits in your gear demand precision-

made reliable capacitors. Those built by 

Hammarlund have been designed with the 

amateur and experimenter in mind since 

Write 

today 

for our 

latest 

Capacitor 

Catalog 

the first units were produced nearly 30 

years ago. 

Today, with this vast background and ex-

perience, Hammarlund continues to take 

the lead to advanced developments. The 

new Hammarlund miniatures and the "VU" 

VHF-UHF capacitors are being accepted as 

standards in modern amateur radio design. 

Meanwhile, the old-timers, the "APC", the 

"MC", and others in the Hammarlund com-

plete-line, continue as favorites—capacitors 

you know from experience meet your 

requirements for both conventional and 

unique circuits. 

Hammarlund Capacitors are stock items 

available from jobbers and dealers every-

where. Using them in your equipment will 

assure you of the finest circuit performance 

possible. Always select a Hammarlund! 

,MeY 
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"HO-129-X" "SP-600-JX" 

Built to Satisfy the most Critical 

Through the years Hammarlund receivers 

have topped the preferred list of discrim-

inating amateurs. Just listen to the rag-

chewing over the air, or at hamfests, and 

you'll hear praise for the old Hi-Q, the 

Comet Pro, the HQ- 120, the Super Pro 200 

and 400, and today's HQ-129-X and new 

SP-600-JX. 

The "HQ- 129-X" is a professional quality 

receiver, designed with conveniently placed 

dials and switches to provide maximum 

operating ease. Incorporating the Hammar-

lund-patented crystal filter and highly effi-

cient series noise limiter, its outstanding 

ability to pull in a signal under adverse 

conditions is well-known. These features, 

plus the calibrated band-spread dial for 

3.5-4 mc, 7-7.3 mc, 14-14.4 mc and 28-30 

mc, make it an extremely valuable receiver 

for operating in today's crowded ham bands. 

The "SP-600- JX" communications receiver, 

now also available to hams, is a masterpiece 

of receiver design and already is world-

known for its outstanding design, construc-

tion and performance. This professional 

receiver, with its six bands covering the 

frequency spectrum from 540 kc to 54 mc, 

is being used in large quantities by the mil-

itary and governmental agencies, as well as 

by commercial services, for both single and 

diversity reception. 

law 
Want to know more about 
Hammarlund Receivers? 

Write immediately to have your name 

placed on our Receiver mailing list. 

THE HAMMARLUND MANUFACTURING CO., INC. 
460 WEST 34th STREET • NEW YORK 1, N. Y. 



VALPEY 
are famous for accuracy! 
Since 1931, Valpey Crystals have earned andirnaintained a foremost reputation in aiding 
amateur and professional electronic engineersin experimentation and development. A portion 

of the line of crystals is shown here. 

COMPACT-HERMETICALLY 
SEALED 

Type VR6, hermetically sealed in 
compact metal case, has 4000 
to 60000 Kc. frequency range. 

For mobile or fixed stations, 
VHF and experimental work. 

Vertical mount for .486" spacing 

special crystal socket. Jan type HC6. 

FOR FREQUENCY 
STANDARDS 

Type XL100, with a frequency 
of 100 Kc., is used extensively 
in frequency standards. Mounts 
in 3/4" spacing crystal socket 
or the standard 5-prong socket. 

Compact and dependable. 

FOR ALL TYPES 
OF APPLICATIONS 

Type CM1, ideal for marine, 

police, aircraft and general 
applications has frequency 

range from 1000 to 4000 Kc. 
Fixed air-gap; vertical mount; 

available in standard 3/4" 

spaced pins and GR 3/4 ", % ", 7/8" 
or . 850" spaced pins. 

FAVORITE OF 
AMATEURS 

Type CMS. Frequency range 1000 
to 60000 Kc.; used extensively 
for marine, police and other 
mobile or fixed stations. Fits 
Valpey Xtalector for instant, 
accurate frequency shift; fixed 

air gap, vertical mount, standard .486" 
spacing socket or standard octal socket. 

AUTHORIZED FOR 
BROADCAST USE 

Type CBC-0 Used widely by 

broadcast, fixed stations and 
frequency standards. Frequency 

range 60 to 10000 Kc. Available 
with 6, 8, or 10 volt over 
plus-minus 1/3 degree C. 

temperature stability. Micrometer-
-% adjustable air-gap. Mounts in 

standard 5-prong socket. 

HIGH 
ACCURACY 

Type DFS Features 
separate 100 and 1000 Kc. 
crystals in one compact 
mounting, with accuracy 
plus or minus .005% over range 
of minus 10'C to plus 60 °C when used in 
recommended circuits. This is a Valpey development 
for secondary standards and receiver calibration. 

SINGLE OR DUAL 
CRYSTALS 

Type VD5 Frequency range 1000 
to 6000 Kc. Single or dual 

crystals, popular for marine, 
aircraft and police applications. 

Mounts in special 3-prong socket. 

For additional details on these or other types write: 

VALPEY ( 

FOR FIXED OR MOBILE 
TRANSMITTER-
RECEIVERS 

Type VDO Frequency range 1000 

to 10000 Kc. Used for railroad 
and bus communications, fixed 
or mobile units. Single or 
dual crystals with 6 volt over 
plus-minus 1/3 degree temperature 
stability. Mounts in standard 5-prong socket. 

CORPORATION 
1244 HIGHLAND ST., HOLLISTON, MASS. 
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• Highest Quality • Greatest Variety— meet every need in 
radio, sound, TV and related fields • Standard on leading microphones 

For microphone and related uses. 3 
30a contacts only. Plug shown 03-12. 
Available in 6 basic shapes. Insert 1" 
wide. Zinc alloy shell, satin chrome 
finish. Molded phenolic insert. Latch 
lock coupling method. 

For audio, instrument and related 
uses. I to 4 contacts I5a max. Re-
ceptacle shown X-3-I4. Available in 5 
basic shapes. Insert Dia. .625". Zinc 
alloy shell, bright nickel finish. Molded 
phenolic insert. Coupling held by con-
tact friction. 

For audio, instrument and related 
uses. I to 4 contacts. 15a max. Plug 
shown XK-3-1I. Available in 4 basic 
shapes. Insert Dia. .625". Zinc or 
steel shells, bright nickel finish. Molded 
phenolic insert. Acme thread coupling 
nut. 

Similar to XK Series, but weather-
proofed by addition of a rubber bush-
ing, special packing ring within the 
coupling nut and rubber sealing wash-
ers on the retaining screw. Plug shown 
XKW-3-12. Available in 4 basic shapes. 

KW SERIES 

ii 

For coaxial cable applications. One 
Standard Cannon type "R" coaxial 
contact only. The coax carries one 10a 
contact for No. 16 B & S wire. Shells, 
coupling ring and mounting flanges are 
same as XKW Series. Plug shown is 
X K W-B I-11. 

For hermetically sealed instruments. 
Indicators miniature twitches, etc. 3 
to 12 contacts 5a in three shell sizes. 
Shell is cold rolled steel. Inserts ( min. 
dia. .294") are vitreous material and 
Silcan silicone rubber. Bayonet lock. 

CANNON 
PLUGS 

For audio, TV and instrument uses. 2 
to 8 contacts 30a max. Plug shown 
P3-CG- II. Available in 16 basic shapes. 
Insert Dia. I". Zinc or steel shells, 
satin chrome finish. Molded phenolic 
insert I atch lock coupling method. 

For audio, instrument and related 
uses. 3-I5a contacts only. Plug shown 
XL-3-1I. Available in 14 basic shapes. 
Insert dia. .625". Zinc or steel 
bright nickel and satin chrome finish. 
Molded phenolic insert. Latch lock 
coupling method. 

XL .SERIES . 

L..al e .-ab 
-; Wit")) 

The ultimate audio quick disconnect 
to R.T.M.A. Specs. 3-I5a contacts 
only. Plug shown UA-3-11. Available 
in 7 basic shapes. Insert Dia. .750". 
Zinc or steel shells, satin chrome fin-
ish. Insulation. phenolic with rubber 
seal. Latch lock coupling method. 

For storage batteries, engine starters 
and other high current uses. 2-600a 
contacts. I—contact to accommodate 
No. 8, 10 or 12 wire for signal or 
starter relay circuits. Molded rubber 
shell. Coupling maintained by contact 
!fiction. Plug shown is G13-3-21CFS. 

For miniature circuitry, radio or audio. 
15 to SO contacts 5a Plug shown DA-
I5S. Insert is 1.049" long. Cold rolled 
steel shell Cadmium Indite bleached. 
Inserts are molded Nylon. Coupling is 
held by contact friction. 

For heavy duty power, lighting and 
sound uses, 4-30a contacts only. Plug 
shown is MI-4-22. Available in 17 
basic shapes. Insert Dia. 2.250". Alum-
inum alloy shells sand blasted. Molded 
phenolic inserts. Coupling held by 
contact friction. 

The receptacle SK-M7-32S ( shown) 
and mating plug SK-M7-21C- 1'2" are 
standard equipment lor the recorder 
connectors used by Telephone Com-
panies as subscribers' voice recorder. 

All connectors shown are stock items for 
Cannon Franchised Distributors. All other 
Cannon Plugs may be purchased from these 
same distributors by arrangement between 
the distributor and the customer. For further 
detail, request RJC Bulletin from factory. 

For TV cameras and cable. Coax con-
tacts available. Insert Dia. 2.250". Plug 
shown LICT-R24C-22-Va". Straight and 
90° shells, ribbed coupling nut, gland 
nut, friction washer, bushing, gland 
washer and packing ring to support 
cable are features. 

CANNON ELECTRIC 
Since 1915 

CANNON ELECTRIC CO., LOS ANGELES 31, CALIF. 

Factories in Los Angeles, Toronto, New Haven. Great 
Lakes Division, Benton Harbor, Mich. Representa-
tives in principal cities. Address inquiries to Cannoti 
Electric Co. Dept. 138, P.O. Box 75, Lincoln Heights 
Station, Los Angeles 31, Calif. 

30r. 
CANNON 
ELECTRIC 
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LOW LOSS, 

COPPER ELEMENT k ee114. 

CONSTRUCTION 

Outstanding features of UNITED vacuum capacitors are the employment of large elements and large 

periphery glass to copper seals, as illustrated. This construction results in a low temperature co- efficient, 

low R.F. losses and low inherent inductance. End terminals are gold plated to prevent corrosion. 

Type designations of UNITED vacuum capacitors symbolize their capacitance ratings and their maximum 

current and voltage ratings— thus CAP 50/60/35 means: 

A 

Capacitance Amperes Potential 
(50 uufl (601 (35 KV] 

The numerals are significant as shown in direct relation to the prefix letters. 

When the older types of vacuum condensers were designed, the sole conception of advantage was to 

attain a voltage breakdown characteristic higher than could be accomplished with condensers of the 

same physical size with air or other substance as dielectric. 

The limitations of the old types of vacuum capacitors resulted principally from high R.F. losses and a 

high temperature co- efficient. This caused considerable capacitance drift, and the added heat losses 

in the glass envelope led to external voltage breakdown or internal breakdown due to the liberation 

of gas. Actual seal puncture in these early type vacuum capacitors was also a frequent cause of 

failure. Extraneous inductance was caused by the use of conventional ferrous me:al rod seals and 

copper strand leads soldered to the terminal caps, in the old type of construction. The higher the 

frequency and R.F. power, the more these limitations were accentuated. 

All metal parts of UNITED vacuum capacitors are oxygen free, high conductivity copper. 

For complete information on UNITED vacuum capacitors, transmitting and special purpose electron tubes 

write for Catalog 2-GPW. 

Type 
Capacitance 

uuf 
Maximum 
Current 

Peak 
R. F. Voltage 

Overall Dimensions 
0,aw.sa 

Oppottie Pogo 
Length Width 

CAP-6/30/20 6 30 amps. 20 KV 3-11/16" A 

--eAP-12/30/20 12 30 amps. 20 KV 3-11/16" A 

CAP-25/60/20 25 60 amps. 20 KV 3-11/16" • A 

CAP-50/60/20 50 60 amps. 20 KV 3-11/16" 3" A 

CAP-50/60/25 50 60 amps. 25 KV 4-1/2" 2-5/8" 8 

CAP-6/30/35 6 30 amps, 35 KV 6-19/32" 2-13/16" C 

CAP- 12/30/35 12 30 amps. 35 KV 6-19/32" 2-13/16" C 

-CAP-25/60/35 25 60 amps. 35 KV 6-19/32" 2-13/16" C 

CAP-50/60/35 50 60 amps. 35 KV 6-19/32" 2-13/16" C 

-CA-P--75/60/35 75 60 amps. 35 KV 6-19/32" 2-13/16" C 

-CAP-100/66/35 100 60 amps. 35 KV 6.19/32" 2-13/16" C 

CAP- 150/60/35 150 60 amps. 35 KV 6-19/32" 2-13/16" C 

-CAP-200/60/35 200 60 amps. 35 KV 6-19/32"  

6-19/32" 

3-1/16" D 

-CAP-250/60/35 250 60 amps. 35 KV 3-1/16" D 

-CAP-1450/60/20 450 60 amps. 20 KV 8-15/32" E 

-CAP-500/60/20 500 60 amps. _ 20 KV _ 9-7/32" F 

CAPACITY TOLERANCES 

All capacitors identified by Drawing A have a capacity tolerance -I-1 minfd, except CAP-6/30/20 which is + 0.5 mmfd. 

All other capacitors listed have capacity tolerance -I-2% of rated values. 

Above table lists standard sizes. Special sizes can be furnished within capacity and voltage ranges 
shown, and inquiries are invited. 

UNITED ELECTRONICS, 42 Spring Street, Newark 2, N. J. 
Since 1934 
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COMPARISON OF THE VACUUM CAPACITOR WITH 

THE MICA, OIL, AIR AND PRESSURE TYPES 

The present and potential advantages of vacuum capacitors, compared with air, mica, oil and pressure types will be 

quickly appreciated by o study of the following tabulation. The comparison is based on a unit or combination for 

each class condenser of 1000 uuf, 30,000 volts rating. Sizes, values, weights and costs shown are approximate. 

Total Weight 

Current 

Cost 

Comparative 

Characteristics 

eV," x 
41/4 " 

5 lbs. 

100 amps. 
30 Mc. 

$100 

Completely enclosed, 
needs no cleaning; 
self' healing; 
mune to changes in 
atmospheric candi. 
tions, minimum ca-
pacity drift. 

VACUUM 

CAPACITORS 

DIMENSIONS 

10 condensers 
in parallel 

x 12 1/4 " ea. 

250 lbs. 

70 amps. 5 Mc. 
140 amps. 10 Mc. 

$200 

Needs frequent 
cleaning and affected 
by changes in air 
pressure and ha. 
rnidity. 

.C.C1 

4" x 4" x 6" 

10 lbs. 

20 amps. 
at 3000 KC 

$100 

Needs no mainte-
nance but is ruined 
by puncture of in-
sulation. 

Cl 

3 cond, in series. 
15 1/2" x 18" 
X 51/4" ea. 

120 lbs. 

100 amps. at 
540 KC 

$450 

Relatively high loss 
but is dependable 
and self•healing ors 
arc- over. 

Press. Cond. 

12" diom. 
30" long 

100 lbs. 

60 amps. 

$300 

In case of arc• 
over may have to 
be taken apart to 
clean plates. Re-
quires connection 
to nitrogen tank 
and intermittent 
check on the pres-
sure. 

UNITED ELECTRONICS, 42 Spring Street, Newark 2, N. J. 
Since 1934 
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(1953 CATALOG NUMBER 531) 

27th YEAR 
(30th EDITION) 

gees - resit% 
sutoots 
rosC ;genres 
ii,e,elinesatfestile 
f glue" - 
tiaolte°93ts 
Fiume 
*NS» K 

-  ¡I'DRSTE01-APPLEBEE 
" 

Complete Guide 
to the Latest 
Products of Top 
Makers in Radio, 
TV, Sound and 
Recording Fields 

1e8 

B/6 PACES Of 

DOLLAR-

SAWN° 

VALUES 

WRITE US 

IF YOU 

1 DO NOT 

HAVE IT: 

THE BIG B-A 1953 ANNUAL CATALOG NUMBER 531 IS A... 
. . . Complete guide to the -very latest in Elec-
tronics—everything in the Radio, TV, Sound and 
Recording fields. .. everything on down to the little 
things usually too troublesome for others to list 
and stock. 

Saves you time—takes only minutes, at times 
most convenient to you, to order by mail the items 
and quantities you alone decide on . . . no waiting 
for salesmen . . . no breaking into your busy hours 

. . no pressure to sell you more than your needs... 
A "One Stop" source for your every need. 

Saves you money—B-A Volume sales permit big 
buying at savings passed on to you. Every page 
lists many special, big, money-saving values made 
possible only by huge B-A special purchases. Net 

prices are shown so you can see at a glance what 
each item costs you. 

Prompt, Speedy Service is assured because of 
always adequate stocks and the B-A "Know-How" 
acquired in 25 years' experience in the mail order 
Electronic distribution field. The location of 
Kansas City, a foremost transportation "hub" . . . 
in the exact "Center of America". . days closer to 
Everywhere . . . is more reason wily you will get 
faster delivery from B-A. 

The B-A reputation . .. 25 years of honest, de-
pendable and friendly dealings protect your every 
purchase. 

Write now for your Free copy of Cat. No. 331 

140 BURSTE1N-APPLEBEE CO. 
1012-14 McGEE ST., KANSAS CITY 6, MISSOURI 



SHURE MICROPHONES 
from SHACK to CAR! 

In the Shack . . . 

This sturdy Controlled Reluctance unit is designed to 

handle the most severe requirements of amateur com-

municating, paging, and dispatching systems. It 

provides high speech intelligibility, makes your mes-

sages instantly understood. The " Dispatcher" has a 

2-conductor shielded cable, and is wired to operate 

both microphone and relay circuits. Firm downward 

pressure on the grip- bar locks the switch. The " Dis-

patcher" is immune to severe conditions of heat and 

humidity. Output is 52.5 db below one volt per micro-

bar. High impedance. Furnished with 7-foot cable. 

In the Car . . . 

A high-quality carbon microphone specially de-

signed for mobile equipment. Used throughout the 

world for Ham, Police, Fire, and Transportation 

Services— more than all other makes combined! 

Rugged, dependable unit with clear, crisp voice 

response and high output. Fits snugly into palm of 

hand. Heavy duty switch for push-to-talk perform-

ance. Furnished with bracket for wall mounting, plus 

coiled-cord cable. Output level: 5 db below 1 volt for 

100 microbar speech signal. 70 to 80 ohms im-

pedance. 

Model 520SL 

List Price $35.00 

MODEL 

101C 

101E 

SWITCH 
ARRANGEMENT CABLE 

Two Wire Relay Switch 
normally open. 

(Na microphone switch) 

CODE plitliScrE 

Standard Coiled Cord RUCEG $21.50 
11" retracted; 5' extended 

Tinsel Coiled Cord 
11" retracted; S' extended RUCAD $32.50 

with Amphenol MCIA1 
Connector 

102C 

102E 

Relay normally open. 
Microphone switch 
normally open. 

Standard Coiled Cord 
11" retracted; S' extended RUCEM I$27-50 

Tinsel Coiled Cord I 
11" retracted; 5' extended; RUCAF 830.00 

with spade lugs 

Microhar = one dyne per sq. on 

SHURE BROTHERS Inc * Microphones and 
/ Acoustic Devices 
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High and Medium Voltage Trans-
mitter Capacitors in all popular 
capacities. 

Disc and hi-voltage ceramic 
ca pacitors. 

know 
from your own 

experience 
that Cornell-Dubilier products 

are time-tested - 
Cgpsisténtly Dependable 

- 

Auto radio, heavy duty, railroad Receiver and transmitter capacitors. 
converter vibrators. 

o 
o 

CDR Rotators, TV-AM-FM and Auto 

Vibrator-powered converters and 
inverters. 

CORNELL-DUBILIER ELECTRIC CORPORATION 
PLANTS IN SOUTH PLAINFIELD. N.J.: NEW BEDFORD. WORCESTER AND CAMORIDGE. MASS. PROVIDENCE. R. I.. 

INDIANAPOLIS. IRA.. FUQUA', SPRINGS. N. C.: AND SUBSIDIARY. THE RADIANT CORP.. CLEVELAND OHIO 

:Mt 
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West Coast manufacturers 

and laboratories 

depend upon 

KIF,RI 1FF ELECTRONICS I.( 

The West's largest and only completely exclu-

sive industrial electronic distributors are proud to present 

a new kind of parts warehouse, especially organized to 

serve all industrial electronic users: Aircraft, TV, Broad-

cast, Mobile Communications, Government Agencies, 

Schools, Laboratories, Geophysical Companies, Manu-

facturers, etc. 

Thousands of items from all the leading manufac-

turers are now in Kierulff Electronics' huge building hous-

ing a half-million dollar inventory. Sixty-six specially 

trained people insure fast service. In fact, all orders for 

material in stock are shipped the same day they are 

received. Factory orders are expedited by our full-time 

expediting department. 

Ask for complete list and catalog! 

Fo, immediate service, phone, wire or write: 

KIERULTIF ELECTRONICS 
INCORPORATED 

820 30 W OLYMPIC BLVD • LOS ANGELES 15, CALIF 
RICHMOND 7-0271 • ZENITH 0271 
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NEW NEW NEW NE 

MONITORADIO MODEL DR200 

Model DR200 Two Band Communications 
Receiver newly developed—low cost— 
only one of its kind. Fixed and Tunable 
Combination AC Receiver for 30-50 MC 
and 152-174 MC—a long-waited-for de-
velopment in less expensive units for 
monitoring existing 2-way radio com-
munication systems. 

Operating in two pertinent fixed fre-
quency ranges, the tunable feature can 
be used alternately with the flip of a 
switch. Under routine operating condi-
tions the DR200 performs as any standard 
crystal controlled monitor receiver. But 
when conditions require, a flip-of-the-
switch makes the unit tunable across the 
full frequency range. 
Such Ilexibility of performance makes 

the Monitoradio DR200 ideal for ex-
panding communications systems of 
municipal police, civil defense, fire, 
forestry, state police, pipelines, taxis. Use 
and application of this unique receiver 
is limited only by the imagination. 

Built-in sensitive squelch with level 
control. Dual conversion, 10.7 MC and 
455 KC. Fully tuned RF stage. Fourteen 
tubes plus rectifier. Sensitivity for 20 
DB quieting, one microvolt low band, 
two microvolts high band. Selectivity 
3 DB at plus or minus 20 KC, 80 DB at 
plus or minus 30 KC. Crystal selector 
control with provision for two crystals 
fixed frequency operation (one for each 
band). 

MONITORADIO MODEL MR3 2 

AC RECEIVER FOR 30•50 MC 

Built-in squelch for level control. Sensi-
tivity 6 microvolts. 7 tubes plus rectifier. 
Power transformer. Fully tuned R F stage. 

RADIO APPARATUS CORPORATION 
55 NORTH NEW JERSEY STREET 
INDIANAPOLIS 4, IND , PHONE: ATLANTIC 1624 

MONITORADIO 

Se' 

\ 

. • 
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THE FAMOUS 

• Kunvon T LINE 
HAS EVERYTHING 

.tnemkost cluie 
by Kenyon engineers long recognized 

as authorities in the transformer industry. 

ittat wout, com-Glucliet, 
is achieved through the use of the finest grade 

materials fabricated in a modern plant 

and checked progressively through each operation. 

umiteumAeJ- ei ere, 
because of four mounting holes at top and bottom 

of casing transformer can be mounted upright 

or inverted with completely concealed wiring. 

wost tYteeliad, uNtivemat etcrueimf 
throughout the entire T line in durable 

black dull satin enamel. 

Kunvon 
is also one of the foremost manufacturers of transformers for 

JAN Applications • Radar • Atomic Energy Equipment • 

Special Machinery • Automatic Controls • Experimental Laboratories 

Submit your transformer problenis or specifications to us 

Kenyon Transformer Co., Inc. 
840 Barry St., New York 59 



Some of Dale's 
Famous Names: 

Acro 
Advance 
Aerovox 
Alpha 
Amperex 
Amphenol 
Arrow-Hart-Hey. 
Bud 
Cannon 
Cardwell 
Centrolab 
Cetron 
Cinch-Jones 
Clarostat 
Collins 
Cornell-Dubilier 
Dial Light 
Drake 
Eby 
Eimac 
El-Menco 
Erie 
Federal 
General Cement 
Guardian 
Greenlee 
Hallicrafters 
Hytron 
I C A 
IRC 
Jensen 
E. F. Johnson 
Kester 
Kraeuter 
Littlef use 
Millen 
National 
National Electronics 
Ohmite 
Par-metal 
Plastoid 
Potter & Brumfield 
Pre max 
Presto 
Guam-Nichols 
RCA 
Raytheon 
Sarkes-Tarzian 
Seletron 
Shure 
Simpson 
Sola 
Stancor 
Switch craft 
Sylvania 
Triad 
University 
Useco 
U T C 
.Vector 
Westinghouse 
Weston 
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fteeept to. deal We IDA 

ELECTRONIC DISTRIBUTORS 
... because DALE carries one of America's largest stocks 
of radio and electronic equipment ... everything you need 

is right here. 

ONE-STOP SUPER-SERVICE' 

DALE's staff of specialists knows your needs 

... keeps a complete, up-to-the-minute inven-

tory on hand at all times. You're always sure of 

finding exactly what you want ... in any of 

the top-notch brands you prefer . . . 

No more "shopping around"— place ONE order 

for ALL your requirements with DALE. Shipment 

is made the same day your order is received. 

Be Sure YOU Receive 
DALE's NEW 1953 
BUYER'S GUIDE and 
REFERENCE MANUAL 
Your guide to complete selection ... clasd-
f ied by category for easy reference and 
comparison of any item . . . complete with 
illustrations, descriptions, specifications, prices 
. PLUS a wealth of valuable, useful tech-

nical information for your ready reference. 

Reserve Your FREE Copy— Write Today to: 

DALE ELECTRONIC 

DISTRIBUTORS 

Division of DALE CONNECTICUT, INC. 

150 JAMES STREET • NEW HAVEN 13, CONN. 

Telephone: Spruce 7-5555 



trd new professional tuba taw end merchandiser EICO 
nrice-Engi eeeee d for unbeatable value! large 4l/s" full.vition 
et. Tests c eeeee lien& end TV tube. including 9..pin ninia-

os. New lever.ection switches-tests every tube element. 

aninated "Speed Rail-Chart" 2 grid caps. Short ond open. 
ment tests. Spore socket for new tuba. Protective overload 
lb. Electronic rectal«. 3-color etched panel: rugged steel 

se. 115 v., 60 cycle AC. 121/4  • 91/4 o 41/4 ". 

odel 625-K, KIT, only $34.95 

del 623, Meter, wired. $49.00 

ULTI-SIGNAL TRACER 

Also available 
in Counter 
Display Model. 

NEM1.71/M 

Instruments and KITS 

Over 1/4-MILLION NOW IN USE! 

give you Laboratory Precision 

at Lowest Cost! 
24 MATCHED INSTRUMENTS & KITS to choose from!   

See the EICO complete line of 6 new V-0•Ms! 

New 5" PUSH-PULL OSCILLOSCOPE 
All- new loborotory.preeision scot» with ell tino emre ten. 
sitivity and response for precise servicing of TV, FM & AM 
sets. Pah.pull undistorted vertical and horizontal empliflers. 
Roosted sensitivity, .03 to .1 rrns omito ' inch. Useful to 2.5 

MC. TV.type multivibrolor sweep circuits, 15 cps-75 KC. 
0-cotis intensity modulation feature. Dual positioning con-
trols mom trace anywhere on screen. Complete with 2-635. 
3.65N7, 2.5Y3, UPI CRT. 3.color etched rubproof panel; 
steel cote. 115 v., 60 cycle AC. 81/4 17 

Model 425-K, KIT, only $44.95 

Model 425, lottery wired, $79.95 

New TUBE TESTER 1 

For all cuto rodio testing. Latest.type full.wom bridge cir-

cuit, 4- slack manganese copper-oxide rectifiers. Specially 
designed transformer, variable front 0 le 13 rolls. Conlin°. 
out: 3.8 y., 10 amps. Intermittent: 20 ore«. 10,000 mid 
filter rend . Meter measures current end voltage output 
Fused primary, automatic reset overload device for second. 
cry. Narnmertone steel cose. 115 y., 60 cycle AC. 101/4  • 
Pr's • ye. 

Model 1040-K, KIT, only $25.95 

Merle 1040, tacto,. wired, 834 05 

New DELUXE SIGNAL GENERATOR 
A laboratory.precision genera« EICO S.tnice.lngi d 
with I% «curacy. Extremely stable. frequency 75 KC-150 
MC in 7 calibroted ronges. Illuminated hairline vernier 
tuning. VS stabilized line supply. 400.cycle pure sine mane 
with less then 5% distortion. Tube complement: 605. 707, 
6C4, VS- 120. 3.0olor etched panel, rugged steel case. 115 

60 cycle AC. 12 a 13 a 7". 

Model 31S-K, KIT, only $39.95 

Modal 213, Moen wirmt, 839.95 

»fist gain and flexibility in low-cost 
dibly traces oil IF, IF, Video and Audio 
us ANT to SPILL or CRT without switching. 

sponse well over 200 MC. Integral tat 
salter. Provision far visual trocing with 
VM. Complete with 6517, 606, 605. Ger. 
lnioo crystal diode. 3..color etched panel: 
Hied steel cam. 115 r., 60 cycle AC. 10 
I o 41/4". 

odd l 145-K, KIT, only $ 19.93 

del 145, lottery wired, $20.95 

Model 221, eeeee 

New VACUUM TUBE VOLTMETER 
loborolory.preeision VIVm for trigger.fost operation ond 

lifetime service. 15 different ronges. large 41/4 " meter, 
can't.burn.oul circuit. New zero center for TV & FM dis-
crintinotor olignment. Electronic AC & DC ranges: 0-5, 10, 
100, 500, 1000 v. 130.000 volts & 200 MC with FIVP.1 & 
P-75 probes). Ohmmeter r , .2 ohms to 1000 me«. DR 
scale. New stable double.triode balanced bridge circuit-
extreme accuracy. 26 mago DC input impede:mice. 2.0010, 
etched rubproof panels steel case. 115 v., 60 cycle AC. 

9.7/16 0 6 5". New 214K VTVM KIT 

Model 221-K, KIT, only $25.95 $ 34.95. WIRED 
$54.95. Ph" METER. 

New SWEEP GENERATOR 
Corers oil TV.FM ol.priment frequencies, 500 KC-228 MC. 
Vernier-driven diet: tenter et each of 13 TV channels mof iced 
on front panel. Sweepwidth «triable 0-30 MC with mechanicol 
inductive sweep-perrnits gain comparison of adjacent IF TV 

channels. Crystal monk.? oscillator, variable amplitude. Pro. 
vides for injection of external m eeeee . Phasing control. Corn. 
plate with NE tubes: 6X501, I2AU7 (dual-triode), 2.601. Less 
crystal. lOa 8 o 61/4 ". 5 MC Crystal. ea. $3.95. 

Model 360-K, KIT, only $34.93 
Model 360. form, wired. 140.95 

New BATTERY ELIMINATOR 
CHARGER & BOOSTER New SIGNAL GENERATOR 

For PM-AM precision olignment and TV marker frequencies. 
Vernier Tuning Cond  Highly stable RF ostillotor, e 
150 KC- 102 MC with fundurnentols to 34 MC. Separate audio 
«calf«. supplies 400-cycle pure sine wave voltage. Pure RE. 
modulated RF or pure AF for ..tern testing. 113 e., 60 cycle 
AC. 10 x L z 4%".. 

Model 320-K, KIT, only $ 19.95 

Model 320, factory wore& $29.03 

New AUDIO GENERATOR 
Complete sine wore coveroge: 20.200.000 cps. Complete 
square ware coverogei 60-30,000 cps 15% round-ut at 30 bol. 
4 gong tend  Response 1.5 db, 60 cps to 130 kc. 
proved Wien bridge-type oscillator. Rated load 1000 ohms 
re e i ee ive. Power output 100 nsw into rated toed. Distortion I% 
of rated output. Hum less than 0.4% rated output. Tubes: 6X5, 
6537, 2.606, 65N7. 11 1/4 a 71/4 71/4 ". 

Model 377-K, KIT, only 431.94. 
model 577, lode, wired. $60.05 

New 1000 Ohms/Volt 
MULTIMETERS 
31 ranges. DC AC Volts: 
Zere to 1, 5, 10. 50. 100, 
500, 5000. DC/AC Cur. 
rent: 0.1 mn. 10 mos 0.1 
amp, I amp. Ohms: 0. 
500, 100K, I nag. 6 db 
range, . 20 to +69. 3. 
inch 400 ua meter more. 
ment. Dual rectifier. 61/4 
o 3% • 2" 

Model 536-K, KIT, 
only $ 12.90. 
model 536. factory wired, 
$14.90. 

Specifications and pnces subject to change without notice. 

HIGH VOLTAGE PROBE 
New professional EICO-engineered NV probe carefully designed 
and insulated for extra safety and versatility. Extends ronge of 
VTVMs and molten eeeee up to 30.000 r. Lucite head. large Rosh-
guards. Multi.loyer processed hondle. Complete with interchongm 
able ceramic Multiplier to mach your instrument. 

YIVP-1 (wired) only 56.95 

-fiCOLISUPER-SIMPLIFIED INSTRUCTIONS 
Easy- to- follow step-by-step EICO pictorial and 
schematic instructions- most explicit and com-
prehensive in electronics !- supplied with each 

Kit. Anyone can build the EICO Kits! 

LECTRONIC INSTRUMENT CO., Inc. 

ç 1952 

the exclusive EICO Make-Good GUARANTEE 
Erich EICO Kit and Instrument is doubly gueventeed, by 

EICO and your jobber, lo conloin only selected quality coo. 
penes's. EICO guarantees to replace any component which 
might become defective in normal use if returned to the 
foctory transportation charges pre.poid within 90 deys of 
purchase. EICO guarantees all Kits «smashed according to 
EICO's sirnpliRed instructions will operate as speciRed 

therein. EICO guarantees service and calibration of   
EICO Kit end Instrument ot the «mina chorge as slated 
in the instructions. 

Be sure to look at the 
EICO line before you 
buy any higher-priced 
equipment! Each EICO 
product is jam-packed 
with unbelievable value. 
YOU be the judge-
compare EICO at your 
local jobber today, and 
SAVE! Write NOW for 
free newest Catalog 14. 
Price, 59. A•qher an West Cofer 



Cot. 
No. 

CA-300 
CA-301 
CA-302 
CA-303 
CA-304 

PAR-METAL RACKS • CHASSIS • CABINETS 
/04 ELECTRONIC APPARATUS 

HINGED 
STEEL CABINETS 

SERIES CA-300 

(Deluxe Type) 
1'1 1,0 C.11 11111',:111• 1111 1110, ill rail ive 

for amateur or llllll 
Hwy feature double roll front 

Willi ill • 11101dding and 

door mil These cabinets are finished 
in slate grey ripple enamel. Pri..es ilo 
!lea include ele,sies. 

H. L D. 
84" x 12 _g",g 8" 
84" x 16.4" x 8'' 
94" x 1et.g" x 11" 
94" x 21:FI g" x 9" 
124" x 20'. i" et 12" 

Panel For 
Size Chassis 

84" it IlY' 7" x 9" x 2" 
84" x le 7" x 13" x 2" 
94" x 10" x 14" x 3" 

x 18" 8" x 17" x 3" 
124" x 18" 10" x 17" x 3" 

Cat, 
No. 

CA-200 
CA-201 
CA-202 
CA-203 
CA-204 

AMPLIFIER 

Cat. No. 
SF-500 
SF-501 
SF-502 
SF-503 
SF-504 

SERIES CA-200 
(Rounded Corner Type) 

Net 
Price 
$4.95 
5.70 
8.19 
8.19 
8. 9 .1 

I hese cabinets are excellent for monitor,. Os-
. iihrlOrs, elf:. Attractive, streamlined with 
inuided corner :aid pant•I type door. Piano 

Ii nged tog, is full length. Louvers are provided 
at side with rear opening for leads, cables. etc. 
>late grey ripple ell  .1 finish. Prices do rug 
include chassis. 

H. L. D. 
8" x 10" x 8" 
8" x 12" x 8" 
8" x 16" x 8" 
9" x 17" x II" 
12" x 20" k 12" 

Panel 
Size 

8" x 8" 
8" x 10" 
8" x 14" 
9" x 15" 
12" x 18" 

For 
Chassis 

7" % 7" x 2" 
7" e 9" x 2" 
7" x 13" x 2" 
10" x 14" x 3" 
10" x 17" x 3" 

• Net 
Price 
$3.39 
3.62 
4.77 
7.41 
8.64 

SERIES 5F-500 
(Sloping Front Type) 

These Cabinets are adaptable a, instru-
ment eases. Top corner rounded ail 
trimmed with chrome molding. Rear of 
case is ventilated with opening for on 
elect Ions. l'rices do liol 

H. L. D. 
8 e 8 x 8" 
8 x 10 x 8" 
8 x 14 x 8" 
9 x 18 x 8" 
12 IC e 12" 

For Chassis Net Price 
7 x 7 x 2" $3.59 
7 x 9 x 2" 3.90 
7 x 13 x 2" 4.35 
7 x 17 x 3" 6.39 
10 x 17 x 3" 8.19 

AMPLIFIER FOUNDATION CHASSIS 
(Sloping Front Type) 

Front panel prot riffles lruni I lie 

lace of the screen cover and k ru 
movable. l'arts are hinislleil lui grey 

ripple and trimmed uitli moldings 
and handles. Chassis are ,etieldied 
will, bottom plates. 

Chassis Screen 
Cat. No. Size Cover 
F-10120 10 x 12 x 3" 64" high 
F- I0170 10 x 17 x 3" 61," high 
1-13170 13 e 17 s 3" tee'," high 

Net 
Price 
$6.54 
7.47 
8.40 

FOUNDATION CHASSIS 

(Rounded Corner Type) 

II type dream-
turn cover,. I flare 

loom, moldings and 11,111,11,S. Cover is 
tiltished in slate grey a ill, black ripple 
chassis for r•Oril raid. 

Cat. 
No. 

DF-510 
DF-615 
DF-7I7 
DF-1012 
DF-1017 
DF-1317 

Size 
5" x 10" x 3" 
6" x 14" x 3" 
7" x 17" x 3" 
10" x 12" x 3" 
10" x 17" x 3" 
13" e 17" s 3" 

Depth 
of Net 

Cover Price 
6" $3.66 
6" 4.20 
6" 4.83 
6" 4.83 
6" 5.76 
6" 6.87 

UTILITY STEEL CASES 

These eit, 111.1 11 110111 211 
gaalge ItquoVabig• tops 
and 1.1l0111S. in black 
ripple tuu  I. 

Cat. Net Cat. 
No. Size Price No, Size 

MC-442 4 x 4 x 2" 5.74 MC-8101 8 x 10 x le' 
MC-453 4 x 5 x 3" .84 MC-8107 8 x 10 et 7" 
MC-596 5 x 9 x 6" 1.65 MC-1128 II x 12 x 8" 
MC-666 6 x 6 it 6" 1.11 MC-I576 15 x 7 x 64" 

MC-I597 15 z 9 x 7" 

19" BLANK RACK PANELS 
I hem. panels hae -1.1r.d.red 
IX y" spaced slot ted 
and fit, all our racks 
Is" wide panels. Finish is Mae 
riimle or shoe grey rum], 
meanie'. 

Black Ripple 
Cat. No. 

667$ 
6676 
6677 
6678 
6679 
6680 
6681 
6682 
6683 
6684 
6685 
6686 

Grey Ripple 
Cat. No. Width 
G-6675 
G-6676 33y" 
G-6677 S'," 
G-6678 7" 
G-6679 8.'," 
G-6680 104" 
G-668I 12 ,," 
G-6682 14" 
G-6683 15 1" 
G-6684 174" 
G-6685 19ti" 
G-6686 21" 

Net 
Price 
5 .71 
1.02 
1.49 
1.80 
2.18 
2.73 
3.18 
3.57 
4.05 
4.50 
4.92 
5.25 

BLANK STEEL CHASSIS BASES 
I hese chassis are used for racks 
and cabinets shine,' herein. and 
•1111, ire ›ol id u it I, elded 

Bonoin edge, flanged 
and drilled lid bottom johile , 

Black 
Ripple Net 

Cat. No Price Size 
B-4500 5.62 54 x 94 x 14" 
B-4508 .96 5 x 10 x 3" 
B-4509 1.02 6 x 14 x 3" 
13-4510 . 71 7 x 7 x 2" 
B-4511 .84 7 x 9 x 2" 
B-4512 .93 7 x 11 x 2" 
B-4513 1.00 7 x 13 e 2" 
8-4514 1.26 7 k IS x 3" 
B-4518 1.05 4 x 17 x 3" 
B-4515 1.35 7 x 17 x 3" 
B-4531 1.37 8 x 17 x 2" 
B-4532 1.43 8 x 17 x 3" 
B-4525 1.37 10 x 12 e 3" 
B-4524 1.43 10 x 14 e 3" 
B-4528 1.43 10 x 17 e 2" 
B-4526 1.37 10 x 17 e 3" 
B-4527 1.80 10 x 23 x 3" 
B-4529 1.80 10 x 17 x 4" 
B-4533 . 1.80 11 x 17 e 2" 
B-4534, 1.98 
B-4516 1.56 
B-4517 1.68 
B-4530 1.92 
B-4535. 2.16 
B-4536 . 2.28 
B-4537 . 2.73 13 x 17 x 4 C-4537 
• These baseet are made from 1/16" thick xteel. 

Zinc 
Plated 
Cat. No. 
C-4500 
C-4508 
C-4509 
C-4510 
C-45Il 
C-45I2 
C-45I3 
C-4514 
C-4518 
C-45I5 
C-453I 
C-4532 
C-4525 
C-4524 
C-4528 
C-4526 
C-4527 
C-4529 
C-4533' 

11 e 17 x 3" C-4534. 
12 e 17 x 2" C-4516 
12 x 17 x 3" C-45I7 
12 x 17 e 4" C-4530 
13 x 17 k 2" C-4535. 
13 x 17 x 3" C-4536. 

TABLE TYPE RELAY RACKS 
Il rack- • le ,igneil for table 

place ol liras y duly floor units. 
Constructed in One little With mounting 
holes drilled on universal centers. Finished 
in black ripple and shipped " knocked-
tlown," to fit 19" wide rack panels. 

Panel Net 
Cat. No. H. W. D. Space Price 
TR-2520 25" 21" 12" 21 x 19" $6.09 
TR-3220 32" 21" 12" 28 x 19" 7.62 

PAR-METAL PRODUCTS CORP. 
32-62 49th Street, Long Island City 3, N. Y. 

EXPORT DEPT. 

ROCKE INT., CORP. 

13 E. 40 Street 

New York 16, N. Y. 

Net 
Price 
52.58 
2.16 
3.12 
2.64 
2.94 

Net 
Price 
$ .68 
1.00 
1.11 
.74 
.90 
.96 

1.05 
1.37 
1.17 
1.31 
1.43 
1.49 
1.43 
1.49 
1.49 
1.49 
1.95 
1.95 
2.01 
2.37 
1.68 
1.80 
2.10 
2.30 
2.58 
3.15 
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Cat. 
No. 

• DL-128 
'DL-1225 
-DL-1413 

ER- 225 

PAR-META L RACKS • CHASSIS • CABINETS 
iO4 ELECTROMC APPARATUS 

ER- 215 P-6918 F-6618 

Specify PAR-METAL Standardized Housings for maximum 

economy, attractiveness, and efficiency. Items described in 

these pages are typical of the most popular units. 

SERIES ER-225: ¡swot I.. I< /2S 1(.111: , 
.,,,cirlerl with quick /',4nIdet.I. hable fas 

phi lo 10-.1-11, c . ipocarance of 
" \ II I I III \ I Ks - tx adable with 

•Itio• rod. i>er 
• . 1, . 1...1•' ,lard panels. 

• . 1.1,1,1.1. k 

No. 

ER-223 
ER-225 
ER-227 

(), I I 
Donne n sio ns 

43'," x 22" x 18" 
67.'," x 22" x 18" 

x 22" X 18" 

Panel 
Space 

x 19" 
61i," x 19" 
77 " x 19" 

Net 
Price 

$42.12 
54.60 
65.52 

SERIES ER -215 RACKS: up," d,•,•1,, with rounded front 
• ,I•• recessed. Roth t lie ER 215 Serie, 

.,1 1 IS 22S •-•, 1.•- k- are made from 1/16" steel; panel 
,,,,,, ing strips are 7/64" thick. These racks awl Series Elt-
I5 are shipped with all necessary bolts for easy assemillY• 

Cat. Overall Panel Net 
No. Dimensions Space Price 

ER-2I3 42" x 22" x 16.¡" 36'," x 19" $29.64 

ER-215 66' " x 22" x 164" 61'." x 19" 43.98 
ER-2I7 82 ." x 22" x 16' a" 77 " x 19" 52.41 

RR- 195 

SERIES P-6918 or P-6924 RACKS: rc,I 
I 1,, • •,1 lor Ili I," deer, 

, • • 1,,--, ono- to 
I; 16" 

• multiple 
be i in lows or g.olgs. l'ale•I ne, 
thick; in ,,,,,, liug hole.: elrillvd 

spacing,. Rear Floor i, ea- 11 
black ripple II' ty/ws,...• dale 

Cat. Overall Po or I Net 
No. Dimensions Price 

P.PG-6918 69.." x 23,.." x 18 le 61 '5:.'"ax.'19" $ 94.50 
P.PG-7818 78 ' " x 23" o 18 ,.." 70 " x 19" 103.50 
P,PG-8518 85 Ix" x 23W" x 184" 77 x 19 117.00 
P,PG-6924 69'..." x 23 ...," 0 24" 61 ,." 0 19"  111.00 
P,PG-7824 784" x 23 ..4" x 24" 70 " x 19"  120.00 
P.PG-8524 85 '.," x 23 ,t." 0 24" 77 " x 19" 135.00 
Viler,' hinged front t. ..,r. : ire desired. our F-6618 or F-8,4 IN 
RAC:KS for In" 12,•1: Panels are suitable. Front door , 
equipped oith chrome 111,11,1 handles awl lock,. Front panel 
moon, Mg angle. are adjustable to ,How clearanel• for dials, 
knobs. etc. Illack ripple mu I finish is standard; slate grey 
optional These racks :god Series 1.-691% are rigidly welded to-
gether and shipped completely assembled. 

Cet. Overall Panel Net 
No. Dimensions Space Price 
1,-6618 67 • .," x 22" x 18" 61' , " x 19" $105.00 
F-831It 83'," •,, 22" o IR" 77 " x 19" 129.00 

CHANNEL RELAY RACKS (For Standard 19" Rack Panels) 
\l ade f  7/64" or c, 

• rigidly welded loge! her Imo on.. unit -tippled to a. 
• •, le Imttom anr1 braces. Finished in black ripple enamel. 

DESK PANEL RACKS 
(for 19" Wide Panels) 

Vertical front corners are rounded and 
top and bottom trimmed with t•lin tine-
finished moldings. Panels are recessed. 
Made from 1/16" sheet steel t 
out for any chassis tip to 13" x 17". 

Overall Panel 
Size Spare 

10'," x 21'," x 15" deep 8 ' . " 
14 " o 21'," x 15" deep 12'," 
15 ', " o 21 i'," o 15" deep 14 " 

Net 
Price 
$10.38 
12.66 
14.28 

-. DL-1713 19'," x 21'," x 15" deep IV," $17.61 
"DL-2613 28 " x 21 ,," 15" deep 26'," 19.95 
"DL-3513 36'," et 21'," x 15" deep 35 " 22.47 

'Door in Top only. **Has door in Top and on Rear Panel 

Cat. 
No. 

RR-193 
RR-195 

Overall 
Size 

38'." x 20" x 18." 
73' ." it 20" 20 7.i" 

ROLLER TRUCKS 
These t nicks ate designed for use 
wit It Il,,• Sil, 11 a 1). eve. 
uverall size is about 3" wider 
than ra, ks for better distribution 
of weight. Chrome trim. Finish is 
slate grey ripple. 

Cat. 
No. Use with Rack Nos. 

RT-III ER-2I3, ER-2I5, ER-2I7 
RT-4I2 ER-223. ER-225, ER-227 

F-66I8, F-83I8 

RT-418 P & PG-6918. 7818, 8518 
RT-424 P & PG-6924, 7824, 8524 

Panel 
Space 
36 
711'," 

Net 
Price 
$15.90 
19.02 

Inside Net 
Clearance Price 

22'x" x 17'," $8.58 
22,", 18 i." 9.66 

23',/x" x 19" 12.15 
23 ",It" x 25" 13.08 

Shelves available fin above Racks 

PAR-METAL PRODUCTS CORP. 
32-62 49th Street, Long Island City 3, N. Y. 

EXPORT DEPT. 

ROCKE INT., CORP. 
13 E. 40 Street 

New York 16, N. Y. 
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For the EASIES 

Twice as easy 
as hand sending 

Above — Vibroplex model 
Presentation — Suits any hand. %Vider speed range. 
Needs no additional weight for slowest keying. This key 
has a "touch" that lessens arm fatigue and makes key-
ing easier than ever before. Richly finished in polished 
chromium, red trim and 24-K gold-plated base top. It 
is a revelation to everyone who has used one.. $29.95 

Vibroplex model Original — This famous all-
purpose key has won international fame for ease 
of operation and all-around keying eXcellenç,e by 
thousands of the world's best operators. Built 
for long life and bard usage. 
Standard  $17.95 
DeLuxe  $22.50 

Vibroplex Carrying Case — Handsome simulated 
black morocco. Cloth-lined. Reinforced corners. 
Flexible leather handle. Keeps key free from dirt 
and moisture, and insures safe-keeping when not 
in use. %Vith lock and key  $5.75 

Avoid imitations! 
The ” BUG" Trade Mark 

identifies the 
Genuine vibronlex. 
Don't settle for a 

substitute 

_ifseorN__ 

RKING KEY you ever used 

via II 

World's No. 1 Semi-Automatic Key 

Sends Better 
Sends Easier 
Sends Faster 
Lasts Longer 

Until you've used a Vibroplex 
key you've no idea how easy 
sending can be. Vibroplex 
brings to you the simplicity, 
ease of operation and machine 
speed which makes keying a 
pleasure instead of a task. No 
other key gives Vibroplex 
amazing keying performance, 
or is so easy on the arm. Pre-
ferred by professionals and 
amateurs the world over. 

Standard — 
Black crystal hase 

Deluxe — 
Polished chromium hase and parts. 
red trim, jewel movement 

Vibroplex model Lightning Bug — 
Has many advanced features which 
contribute to its remarkable ease of 
operation and professional perform-
ance. Maintains clear, snappy signals 
at all speeds. A popular choice. 
Standard  $15.95 
DeLuxe  $21.50 

Vibroplex model Blue Racer — 
Only half the size of the Original. 
yet operates with the same ease and 
perfection as that famous key. 
Weighs 2 lbs. 8 oz. Occupies small 
space. In high favor with radio men. 

Standard  $17.95 
DeLuxe  $22.50 

All V1111.004., ke) s are at ails ble for left-
hand operation. $ 1.00 more. 

NEW SPECIAL ENLARGED Edition of 

PHILLIPS CODE $2.00 

Radio Code Signals 
International Morse 
American Morse 
Russian, Greek, Arabic 
Turkish and Japanese 
Morse Codes 
World Time Chart 

United States Time Chart 
Commercial "Z" Code 
Aeronautical "Q" Code 
Miscellaneous Abbrevia-
tions. Used on intorna-
tional wire, submarine 
cable and radiotelegraph 
circuits 

And no matter what the choice, 'ou get the same easy, professional 
performance which has made Vibroplex the world's No. 1 semi-
automatic key. Every Vibroplex is designed to meet exacting operat-
ing standards, and to provide trouble-free long life for the user. At 
your dealer or ORDER DIRECT. 

Write for FREE catalog 

Prices subject to change without notice 

THE VIBR O PLEX CO ., INC., 833 Broadway, New York 3, N. Y. 

W. W. ALBRIGHT, President 

IF YOU TELEGRAPH YOU SHOULD USE A VIBROPLEX KEY 
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THERE'S AN 

ILLINOIS ELECTROLYTIC CAPACITOR OF 
7ee ?wed 2ceaLiey 

FOR EVERY ELECTRONIC APPLICATION 

Seventeen years of successful production experi-

ence, making millions of quality capacitors, has 

created this complete, outstanding line. 

TF-is engineering and manufacturing experience has enabled ILLINOIS 
CONDENSER COMPANY to meet every demand for new capacitor 
types, whether for peace or defense applications, with components 
of exceptional value and dependability. 

Miler/dad are but a few of the many capacitor types now manufactured 
by ILLINOIS CONDENSER. There is a guaranteed ILLINOIS Con-
dens. fpr every electronic application. Whatever yo, rt— 
specify ILL \10IS CONDENSER. Benefit by the y, e ng 
and manufactuiie3 experience behingpillerónde ime 
Tested Quality". 

IHT This populor pigtail type in 
aluminum can features internal riveted 
construction that assures immunity to 
shock and vibration. Available with 
or without outer cardboard insulating 
sleeve, with brass-tinned wire leads or 
solder lugs in capacity ronges from 
1 to 6000 MFD and from 3 to 700 

IHC Ideal for replacement or or. 
irai equipment, this type has flexible 
wire leads, is sealed with high tem-
perature compound, has electrolytic 
grade cardboard tubes and has radial 
or iongentiol Humps rittorhed Sup-
plied in common negative, four sec-
tion types or dual negatives with 
supurati, i:uthodasi A,ailails in cape 
dip lunge. f,‘,.•• 25 15 250 MID and 
from 5 to 50U VV. V.11.t... 

LN Has screw neck type mounting, 
extruded aluminum cans and is avail-
able in 1" to It/a" diameters Capacity 
ranges from 8 to 80 MID and from 
450 to 600 W.V.D.C. 

UMP Ideal for communication, 
radio and TV. Standard twist prong 
mounting. Uses recently developed 
molded capacitor construction and 
will operate efficiently under wide 
emperature ranges. Remains stable 
under all operating conditions. Avail-
able in capacity ranges from 40 to 
3000 MID and from 10 to 525 W.V.D.C. 

Aftwir..1?! 

(Bathtub) Developed for mili-
tary, fixed and portable communica-
tion equipment. Has hermetically 
sealed, drawn metal case with corro-
sion resistant finish. Will stand shock 
and vibration. Manufactured to cOn-
form to all Government Specifications. 
Available in any capacity range re-
quired and from 25 to 600 W.V.D.C. 

PE For use in all communication 
equipment, fixed and mobile. Plug-in 
octal base, hermetically sealed. Fea-
tures new molded through pin design. 
Available in types to meet all govern. 

JAN specifications. 

UMT SpeLificully designed 
in Sign Quality equipment. Cunipleie 
line manufactured to conform to all 
Government Specifications. Hermeti-
cally sealed, shock resistant. Newly 
designed molded capacitor design and 
terminal construction. 

UMS Inverted screw mounting, 
hermetically sealed. Entire line manu-
factured to conform to all Government 
Specifications. 

UMC 3 to 600 volts. I to 10,000 
MID. Power factor correction. Voltage 

Al stabilization. High current energy stor• ,- 
age. Discharge types. Motor starting, . 
strobe light & photo flash types. '• - 
Audio & power. Filter networks. 

EXPORT DEPT., IS MOORE ST., NEW YORK 4, N. Y. 
CAW .•MINTSIORNC" 

I Frio,- ILLINOIS CONDENSER CO. 
1616 N. THROOP ST., CHICAGO 20, ILLINOIS 

153 



154 

RA 
se,á Seeem" 

iewe 

A Completé Line of Vibrators . . . 
Designed for Use in Standard Vibrator - Operated Auto 
Radio Receivers. Built with Precision Construction, featuring 
Ceramic Stack Spacers for Longer Lasting Life. 

Backed by more than 17 years of experience in Vibrator 
Design, Development, and Manufacturing--

ATR PIONEERED IN THE VIBRATOR FIELD. 

New Models 

NEW MODELS 

NEW DESIGNS 
• NEW 

LITERATURE 
5“ jowl 
01 cola( é4Zetny 

STANDARD AND 
HEAVY DUTY 

IN 

For Inverting D. C. to A. C. . . . 

Specially Designed for operating A. C. 
Radios, Television Sets, Amplifiers, Ad-
dress Systems, and Radio Test Equip-
ment from D. C. Voltages in Vehicles. 
Ships, Trains, Planes and in D.C. Districts. 

New 34 page 

VIBRATOR 
GUIDE 

FREE 

"A" BATTERY 
ELIMINATORS 

AMERICAN TELEVISION & RADIO CO. 
Qualite Plaelceee Si4ree 1931 
SAINT PAUL 1, MINNESOTA—U.S.A. 

•s•-
' 

New Models 

For DEMONSTRATING AND TESTING 
AUTO RADIOS 

New Models . . . Designed for Testing 
D. C. Electrical Apparatus on Regular 
A. C. Lines. Equipped with Full- Wove 
Dry Disc Type Rectifier, Assuring Noise-
less, Interference- Free Operation cnd 
Extreme Long Life and Reliability. 



630 DYNAMIC 

Popular high fidelity 
high output dynamic. 
Response 60-11,000 cps. 
Onini-directional. Exclusiva 
Acoustalloy diaphragm. 
Extra rugged. Tiltoble 
head. "On- Off" switch 
Available in hign 
or low impedances. 

Model 630. List, $42.00 

4 CENTURY 
Low-cost all-purpose 
Crystal, Dynamic and 
Cgrgaprk ...,d•11 Con 
he i.nert in hoed or 
on stand. Remarkable 
performer. Satin Chrome 
tinisn. In high and 
low impedance), List 

feAroomde $114115. 2 Desk to k $M1o8un.t50 
lists at SI .70 

°eat da 9,esa «eat ùv. a 

MICROPHONE? 
Check the features and characteristics for which E- V 
microphones have become favorites in every field. Then 

take your choice, and know you can expect performance 
that is guaranteed by E-V research-engineering. Here 

are 9 models of today's most complete microphone line. 

eftS' 
I. 

208 MOBILE e 
Small size, high output' 

single- button carbon 
microphone for maximum 

intelligibility. Close-
talking, noise-cancelling 
Differential. type. High 
articulation. Blast proof, 

water proof, shock 
resistant. Comfortably 

l. .,...t huid Pren,in-talk 
switch. Panel mounting. 
bracket. List, $ 16.50 

636 SLIMAIR 

Slim, versatile dynamic ; 
of exceptional qua lity. 
Highifid -vl't • • rasp • 

60-13,000 cps. Output - 55 
db. Acoustically-treated 

grille head stops wind and 
breath blasts. Acoustalloy 

diaphragm. Tilts 90°. 
"On- Off" switch. High o' 
low impedance s eon. 

List, 00 

MICROPHONES • PHONO-CARTRIDGES 

HIGH FIDELITY SPEAKER SYSTEMS 

TV ACCESSORIES • PA PROJECTORS 

See your E-V Distributor or Write For Bulletins 

Cry,t3i wis liccosyd under Brush pal,tb. E•V Pal. Pend. 

950 CARDAX 

crystHeligmhiclerevpelheceoerdsvioiitde 

dual frequency response 
for high-fidelity sound 
pick-up or for • xtra 
crispness of speech. 

Overcomes feedback and 
background noise. Wide 

range response. " On-Off' 
switch. Metal Seal crystal. 

List, $42.50 

o 

600-D and 210 e 
Dynamic and Carbon 

high articulation mobile 
microphones. Give high 

intelligibility speech 
transmission. Light 

weight, yet extra rugged. 
Easily held in hand. 
Press-to-talk switch. 

Model 600-D. List, $38.50 
MGdel 210 u,r, $98 SO _ 

Model 428 " Break-in" 
Touch-to- Talk Stand with 

la‘l;f  with ia'm  ste.eaiti,dany microphone 
W-27 thread. Lever-type 

switch gives finger-tip relay 
operation or microphone 

"On- Off ."..doSuibnlgel-eth-proowle. w  
d . 

List, $14.00 

MERCURY 

Model 611 Dynamic and 
Model 911 Crystal. Smart 
design. Rugged and 
dependable. Response 
50-8000 cps. High output 
level. Omni-directional.  
Tillable head. "On-Off" 
switch. Available in 
high fr. Inw impedances 

List from $25.50 to 

$35.50 
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H-51/U HANDSET 

VirtuallyTransmitsn speechin.destr uct ibleinns e .clea.nrly d 

and intelligibly under high 
noise n‘  

order differential carbon 
microphone, 600 ohm 
ttry:i.vi, bleak ivy', 
handle, push-to-talk switch 
10 long. vve„:ins I lb. 

List, $ 180.00 

111 

(»CZ INC. 

407 CARROLL STREET • BUCHANAN MICHIGAN 
,  

Export: 13 East 40th Street, N.Y. 16, U.S.A. Cables: Arlab 

'Patent No. 2.350,01D 
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Yes, we ve our own panel of 
experts here at G , and if it's a trans-

'tting equip problem for AM, FM, 
unications in general, you'll 

to stump! 
GATES, you see, can supply anything — 

or everything — in these fields. And, GATES 
equipment is in use plentifully around the 
world — which is the best quality testi-
monial we know of. 

If you have a problem — or question — 
in the transmitting field, submit it to our 
experts. We'll wager you can't stump them! 

LEFT — 250 watt 40-200 mc. all purpose FM Transmitter. 

;417 e i i -t Q. 
o Co e e et ttttt let t qt. 

—411111711111110110wr 

ABOVE — Master Control System 
manufactured For " Voice of America". 

C-MtLgË 
GATES RADIO COMPANY 
MANUFACTURING ENGINEERS SINCE 1922 

Quincy, Illinois, U. S. A. 
2700 Polk Avenue, Houston, Texas • Warner Building, Washington, D. 

International Division, 13 E. 40th St., New York City 

Canadian Marconi Company, Montreal, Quebec 

rani anal 

11111311111C 
TV Transmitter in VHF Band. 

GATES Studioette with pre-set console. 



Specify leatey . For 22 Years 
The Foremost Name In Crystals 

HIP-TO-SHORE 

OMMUNICATIONS 

TANDARD 

LTRASONIC DELAY LINES 

REQUENCY STANDARDS 

eetitey 
CIZ YsTA is 

* * * 

Types AX2 and AX3, designed especially for this 

service, bring price and precision together in the 

ham bands. Bliley's packaged oscillator, Model 

CCO-2A, is a favorite for 2-6-10-11 meter home 

built rigs. Price and details are given in Bulletin 44. 

Types MC7, SR5 and SR8 are suggested for shipboard depend-

ability. Price and details given in Bulletin 44. 

Types BC46T, MO3B, TC92 are first choice for automatic 

temperature control in AM, FM and TV transmitters. Consult 

Bulletin 43 for basic details. 

Types SR10 and MC9 provide wide range frequency choice for 

TV service, diathermy and citizens band. Request Bulletin 44 

for price and description. 

Type BH6A is the predominant choice for land mobile and 

airborne applications. Consult Bulletin 43 for basic information. 

Types KV3, MC9, SMC100 and MS433 cover reference fre-

quencies from 100 kc through 10.7 mc. Price and "stock tol-

erances- given in Bulletin 44. 

For reference in this broad category, see the "Specification 

Index for Military Crystal Units" in Bulletin 43. 

Custom built fused quartz delay lines provide high stability 

and precision time intervals for manipulation of pulsed or 

pulse modulated signals. Consult Bulletin 45 for technical 
information. 

Model BCS-1A is a high stability in-

strument for precision reference at 

100 kc. Ideal choice for research and 

development laboratories. Descriptive 

information given in Bulletin 43. 

BLILEY ELECTRIC COMPANY 
UNION STATION BUILDING • ERIE, PENNSYLVANIA 



"HAMS" in Industry and in the Shack... 

deteeeiée 
_ZDZUS701721170N 

ELECTRONIC TEST INSTRUMENTS... because... 
. . . they recognize that there is no compromise, no guesswork, behind the design 

and workmanship of a " PRECISION"-built instrument... 

they have seen the " insides" of the equipment, which reveals the infinite and 
painstaking care given to " Precision Individualized Production" ... 

they have learned, over the past nineteen years — in the shack, on the pro-

duction line, at the service bench — that they can always look to " PRECISION -
Test Equipment, as the standard of performance, accuracy and value. 

- ""%",:« •••••-••..e• 
là 
• • ' 

9 511, 

o e • e o.• o  

SERIES EV-20 

True Zero- Center VTVM 
and Multi-Range Test Set 

with Direct Peak Reading 
High- Frequency Scales 

Ranges to: 
1200 V., 2000 Megs., 12 Amps., + 63 DB 

Net Price  $69.75 
R F - 10A H Freq. Probe ( Accessory) 

Net Price   S1-1.-10 

PRECISION 
fist•iouirmie 

eflezetaidellevtary 

SERIES E - 200C 

A modern, multi- band 

SIGNAL and MARKER GENERATOR 

for AM. FM, and TV Receiver Alignment 

Direct Reading from 88 KC. to 120 MC. 

Net Price  573 25 

PRECISION 
TEST EQUIPMENT 

Jeadived sf oectezary... 

SERIES 40 

Compact. Wide- Range 

AC-DC CIRCUIT TESTER 

1000 V. Sensitivity 

31 Self- Contained Ranges to: 
6000 V.,600 MA.,5Megs.,-f- TO DI3 

Ideal general.purpose, compact 
Test Set  344 - n 6.4 o 21/2 ". 

Net Price $26.95 

SERIES ES- 500A 

High Sensitivity, Wide- Range 

5- OSCILLOSCOPE 

Push-Pull V. and H. Amplifiers 
Net Price  $ 173-70 

SERIES 85 

Laboratory Type 

AC-DC CIRCUIT TESTER 
(20,000 I! - V. DC) 

34 Self-Contained Ranges to: 
6000 V., 60 Megs., 12 Amps., + 70 D8 
A wide range, high- sensitivity, 
Test Set, engineered for modern 
electronic circuit maintenance... 
Size   51/2 " n T1/2 " 3" 

Net Price $39.95 

92-27 Horace Harding Boulevard, Elmhurst 11 New York 

Export Division: 458 Broadway, New York 13, U.S.A. •.Cables—Morhanex 
In Canada: Atlas Radio Corp., Ltd., 560 King Street, W, Toronto 2B 



Now available 

for commercial use 

HUGHES 

GERMANIUM 
hermetically sealed 

for 

performance stability 

HUGHES GERMANIUM DIODES were developed to meet the Com-
pany's exacting requirements for a high-quality diode in airborne 
electronic equipment for interceptor flight, navigation and fire con-
trol. Many thousands of Hughes diodes have been utilized in elec-

tronic systems for both aircraft and guided missiles. 

The Hughes point-contact diode combines the following desir-
able characteristics: 

' — — —'; HIGH ELECTRICAL STABIL- c— — — 1 WIDE TEMPERATURE RANGE. 
: 1 i ITY. Hermetically sealed : 3 I Inspected for perform-

! in glass against humid- ! ' ance at ambient temper-
try penetration. Oscillo- attires from —75 °C. to 
scope-tested for perform- + 100 °C. in saturated 

ance stability, water vapor. 

EXTREME RUGGEDNESS. ,--- "; SUBMINIATURE SIZE. Mi-
1 

1 2 I Examined for construc- 1 4 1 croscopically inspected 
t ' tion strength, resistance I .'. for accurate assembly and 

to vibration and shock  — quality of workmanship. 

damage in accordance 
with JAN specifications. 

Expansion of production capacity now enables the Company to 
accept commercial orders. Hughes diodes are being produced to 

RTMA specifications and also are supplied tested to special cus-
tomer specifications. 

Address inquiries to: 

Hughes 
Germanium 
Diodes— 
Electrical Specifications 
at 25° C. 

RTMA 
Type 

Peak 
Inverse 
Voltage 

Minimum 
Forward 
Current 

at 1 volt— ma. 

Maximum 
Back Current 
ma. (volts) 

1 N5513 190 5.0 o.s (- 15o) 

0.01 (- 10 ); 0.41 (— SO) 

0.005 (-5 ); 0.05 (- 50) 

1 N70A 130 3.0 

1N67A 100 4.0 

1N81A 50 3.0 0.01 (- 10 ) 

0.008 (-5 ); 0.1 (- 50) 1 N89 100 3.5 

1N68A 130 3.0 0.625 (- 100) 

0.05 (- 10 ); 0.85 (- 50) 

o.s (—so ) 
1N69A 75 5.0 

1N90 60 3.0 

NOTE: It has been found that Hughes diodes will support 
80% of this inverse voltage applied continuously at 25 ° C. 

SEMICONDUCTOR 

DEPARTMENT 

HUGHES 

Aircraft 
Company, 
Culver City, 
California 
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TRIODES 
2C39A 
3W5000A3 
3W5000F3 
3W1 000043 
3X2500A3 
3X2500F3 
3X3000A1 
3X3000F1 
6C21 
25T 
357 
35TG 
75TH 
7511 
100TH 

TETRODES 

100TL 
152TH 
1 5211 
250TH 
250TL 
304TH 
304TL 
450TH 
45011 
592/3-200A3 
75011 
10001 
15001 
20001 

4-65A 4W200004 
4-125A 4X1 504 
4-2504 4X1500 
4-4004 4X1500 
4-10004 4X5004 
4PR60A 4X500F 

9INTODE 
46274 5-1256 

RECTIFIERS 
2-01C 
2-25A 
2-50A 
2-150D 
2-240A 
2-2000A 
KY21A 

VACUUM 
SWITCH 
VS-2 
12V Coil 
24V Coil 

VARIABLE VACUUM 
CAPACITORS 

VVC60-20 
VVC2-60-20 
VVC4-60-20 

VACUUM 
PUMP 
HV-1 
OIL 
DIFFUSION 
PUMP 

TFA* A 
Pump Oil 
HV-1 
Pump Parts 

RX21A 
2506 
253 
8664 
8724 
8020 110011) 

follow the leaders 

AIR SYSTEM SOCKETS 
4-400A , 4000 4-1000A/4006* 
4-400A 4006* 4X150A/4000 
4-1000A 4000 4X 150A /4006* 
*Replacement Chimneys 

ACCESSORIES 
HR Heat dissipating connectors 
Preformed Contact Finger Stock 

ION GAUGE 
100 IG ion gauge 

VACUUM CAPACITORS 

VC6-20 VC25-20 
VC6-32 VC25-32 
VC12-20 VC50-20 
VC12-32 VC50-32 

20911 

This small, rugged triode is 
designed for use as a power 
amplifier, oscillator or fre-
quency multiplier to fre-
quencies above 2500 mc. It 
is particularly suitable for 
compact fixed or mobile 
equipment. 

4-125A 
The radial-beam power tet-
rode that made transmitting 
screen-grid tubes popular. 
This tube will take a plate 
input of 500 watts for CW 
or 380 watts for fone. Driv-
ing power is less than two 
watts. A pair of these tet-
rodes make an ideal high 
power fone or CW final for 
the amateur. 

4-250A 
A pair of these radial-beam 
power tetrodes will easily 
handle a kilowatt for fone. 
In CW service, one tube will 
take a kilowatt input. Driv-
ing power is only two to 
three watts per tube. As 
modulators a pair will de-
liver as much as 750 watts 
audio with simple resistance 
coupled driver stages. 

FINGER STOCK 
Preformed Contact Finger 
Stock is a useful electrical 
"weather strip" around ac-
cesses to equipment cabinets 
as well as providing good 
circuit continuity between 
adjustable components. It is 
ideally designed for making 
connections to coaxially con-
structed and external anode 
designed tubes. 

Export Agents: Frazar & Hansen, 301 Clay St., San Francisco 



to EIMAC TUBES! 

4X1 SOA 
This small external anode 
radial-beam power tetrode 
operates efficiently at all fre-
quencies into the UHF 
range with a driving power 
of only a few watts. Its small 
size and ruggedness make it 
ideal for compact equipment 
such as mobile. 

4E27A 
With simple circuits and 
less than two watts driving 
power this radial- beam 
power pentode gives de-
pendable operation and high 
output. It is capable of an 
easy 500 watts input in 
Class-C service — or when 
suppressor modulated will 
deliver 75 watts output at 
carrier conditions. 

250T 
A tried, proven and contin-
ually improved 250 watt tri-
ode. The ideal triode for one 
KW CW input. Will handle 
825 watts input on fone. 
With plate voltage as low as 
1500 volts in Class-B audio 
service a pair will modulate 
a KW RF stage. 

• Write for 28-page booklet, 
"Care and Feeding of INisver 
Tetrodes." Available free upon 
request. 

4W20,000A 
This water cooled, radial-
beam power tetrode has a 
plate dissipation rating of 
20 kilowatts. It will operate 
efficiently as a power ampli-
fier at frequencies up to 250 
mc. One 4W20000A operat-
ing as a visual rf amplifier 
in television service will de-
liver 20 kw at 216 mc., with 
a five mc bandwidth. 

3K20,000L (A-F-K) 
These Klystrons, the latest 
development in UHF tele-
vision transmitting, have a 
power output of 5000 
watts* Three versions of 
the Klystron will cover the 
entire UHF range -- 470-
890 mc. This water and air 
cooled Klystron has a 
power gain of 100 times. 

VVC60-20 
This is but one type in the 
Eimac line of variable and 
fixed vacuum capacitors 
for plate tank circuits. It is 
variable over a range of 10 
mmfd to 60 mmfd. Maxi-
mum rf voltage is 20 kv 
at 40 amperes. 

Eimac maintains an Amateurs' Service Bureau for 
amateur radio operators. Free information may be 
obtained by writing. Available for engineering con-
sultation and information is the Eimac Application 
Engineering department. 

EITEL - McCULLOUGH, INC. 
SAN BRUNO, CALIFORNIA 



Model 770 is an accu-
rate pocket-size V.O.M. 
Measures only 3' 1/4 ' x 
51/4 " x 21/4 ". 

The new model 770 — An Accurate Pocket Size 

VOLT-OHM MILLIMETER 
SENSITIVITY- 1000 

OHMS Per Volt 

FEATURES 

Compact—measures 31/4 " x 51/4 " 
o 2W'. 

Uses latest design 2% accurate 
1 Mil. D'Arsonval type meter. 
Same zero adjustment holds for 

both resistance ranges. It is not 

necessary to readjust when switching 
from one resistance range to an-

other. This is an important time-

saving feature never before in-
cluded in a V.O.M. in this price 
range. 

Housed in round-cornered, molded 

case. 
Beautiful black etched panel. 

Depressed letters filled with perse.. 

nene white, insure long- life even 
with constant use. 

SPECIFICATIONS 
6 A.C. VOLTAGE RANGES: 0-15/30/150/300/1500/3000 
VOLTS 
6 D.C. VOLTAGE RANGES: 0-7.5/15/75/150/750/1500 
VOLTS. 
4 D.C. CURRENT RANGES: 0-1.5/15/150 MA. 0-1.5 AMPS, 
2 RESISTANCE RANGES: 0-500 OHMS. 0-1 MEGOHM. 

The Model 770 comes complete (1490 
with self-contained batteries, test 
leads and all operating instructions NET 

The new model 670-A 

SUPER- METER 
A COMBINATION VOLT-OHM MILLIAMMETER PLUS 

CAPACITY REACTANCE INDUCTANCE AND DECIBEL 

MEASUREMENTS 

ADDED FEATURE 

The Model 670-A includes a 
special GOOD-BAD scale for 
checking the quality of elec-
trolytic condensers at a test 
potential of 150 Volts. 

SPECIFICATIONS 

D.C. VOLTS: 0 to 7.5/15/75/ 
150/750/1,500/7,500 Volts. 
A.C. VOLTS: 0 to 15/30/150/ 
300/1,500/3,000 Volts. 
OUTPUT VOLTS: 0 to 15/30/ 
150/300/1,500/3,000 Volts. 
D.C. CURRENT: 0 to 1.5/15/ 
150 Ma. 0 to 1.5 Amperes. 
RESISTANCE: 0 to 500/100,000 
Ohms. 0 to 10-Megohms. 
CAPACITY: .001 to .2 Mfd..1 to 
4 Mfd. (Quality test for elec-
trolytics). 
REACTANCE: 700 to 27,000 
Ohms 13,000 Ohms to 3 Meg-
ohms. 
INDUCTANCE: 1.75 to 70 
Henries, 35 to 8,000 -Henries. 

DECIBELS: — 10 to + 18 + 10 
to + 38 + 30 to + 5 8. 

The Model 670-A 
cornes housed in o 
rugged, crackle-
finished steel cabi-
net complete with 
test leads and 
operating instruc-
tions   $28,4E)T 

The New Model TV- 11 

TUBE TESTER 
SPECIFICATIONS 

Tests all tubes includ-
ing 4, 5, 6, 7, Octal 
Lock-in, Peanut, Ban-
tam, Hearing Aid, 
Thyratron, Miniature., 
Sub-miniatures.Novals, 
Sub-minars, Proximity 
fuse types, et,. 

Uses the new self-
cleaning Lever Action 
Switches for individual 
element testing. Be-
cause all elements are 
numbered according 
to pin-number in the 
RMA base numbering 
system, the user can 
instantly identify which 
element is under test. 
Tubes having tapped 
filaments and tubes 

with filaments terminating in more than one pin ore truly tested with 
the Model TV- 11 as any of the pins may be placed in the neutral 
position when necessary. 

The Model TV- 11 does not use any combination type sockets. 
Instead individual sockets are used for each type of tube. Thus it is 
impossible to damage o tube by inserting it in the wrong socket. 

Free- moving built-in roll chart provides complete data for all tubes. 
Newly designed Line Voltage Control compensates for variation 

of any line Voltage between 105 Volts and 130 Volts. 
EXTRA STE VICE—The Model TV- 11 may be used as on extremely 
sensitive Condenser Leakage Checker. A.reloxation type oscillator 
incorporated in this model will detect leakages even when the fre-
quency is one per minute. 

The Model TV- 11 operates on 105-130 Volt 60 CA, 50 
Cycles A.C. Comes housed in a beautiful hand- 
rubbed oak cabinet complete with portable cover NET 

New Model 

TV BAR GENERATOR 

Provides vertical sweep signal for adjusting 
and synchronizing vertical oscillator discharge 
and output tubes. 

Provides vertical signal to replace vertical 
oscillator to check vertical amplifier operation. 

Provides horizontal sweep signal for ad-
justing and synchronizing horizontal oscillator 
A.F.C. and output tubes. 

Can be used when no stations are on the air. 

THROWS AN 

ACTUAL BAR 

PATTERN ON 

ANT TV RECEIVER 

SCREEN! 

Two Simple 
Steps: 

I. Connect Bar 
Generator to An-
tenna Post of any 
TV Receiver. 

2. Plug Line Cord 
into A.C. Outlet and 
Throw Switch. 

RESULT: A stable 
never-shifting verti-
cal or horizontal 
pattern projected 
on the screen of the 
TV receiver under 
test. 

SPECIFICATIONS Power supply: 105-125 Volt 60 Cycles. 

Power Consumption: 20 Watts. Channels:, 2-5 on, panel, 7-13 by 
harmonics. Horizontal lines: 4 to 12 (Variable). Vertical lines: 12 
(Fixed). Vertical sweep output: 60 Cycles. Horizontal sweep out-
put: 15,750 Cycles. 

TV Bar Generator comes com-
plete with shielded leads and de-
tailed operating instructions Only $39N9, 

SUPERIOR INSTRUMENTS CO. 
Dept. HR-53 227 FULTON STREET NEW YORK 7, N. Y. 

PLEASE PLACE YOUR ORDER WITH YOUR REGULAR RADIO PARTS JOBBER. IF YOUR 

JOBBER DOES NOT HANDLE OUR LINE PLEASE SEND YOUR ORDER DIRECT TO US 
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9/F-1 8U. Amateur Net 

ZkWABIc ELECTRIC COMPANY tattm,Gne 
ALL THE TOP BRANDS IN 

HAM EQUIPMENT 

When the Manufacturer Announces it, 
Newark Has it! Anytime you read an ad in this 

magazine, announcing a new piece of Amateur equip-
ment, you can order it front Newark and be sure of 
receiving it immediately! 

allicrafters 
Model SR- 75 Transceiver. 
98F000. Special Price 79.95 
Model S-388 All- Wave Receiver 
98F005. Amateur Net 49.50 

Model 32-V3 Transmitter. 
97F309. Amateur Net  775.00 
Model 70E-8A Oscillator 
97F310. Amateur Net 97.50 

ELDICO  

Collins 
Model MR-2 2- Meter Rcvr Kit 

97F149. Amateur Net 69.50 
Model MT-2 2- Meter Xmitter Kit 

97F158. Amateur Net 59.95 

Model A54 Mobile Xmitter. 
 139.00 

Model A54H Mobile Xmitter. 
97F181. Amateur Net 149.00 

MARMAX 

.......... 
...... 

............ 

ELMAC 
Model MT- 52 Transmitter 

97F190. Amateur Net 79.50 
Model KW- 52 1 KW Modulator 

97F193. Amateur Net 54.00 

ileee AND eel „ NEWARK'S 

CATALOG NO. 55 . . . The New Electronics 

Reference Book with the Latest in Ham Gear 

Write to Department HB-3 

EvviuRIK 223 W. MAIYSON STREET 

CHICAGO 6, ILLINOIS LLECTRIC COMPANY 
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HAM COUNSEL. Bob Gunderson, 
W2JIO, and other hams on our staff will 

be happy to help you with your problems. 

SOUND STUDIOS. See! Hear! Com-
pare! The world's finest High- Fidelity and 

Audio Equipment. 

* SUPER-MARKET. Serve Yourself 

and Save! Thousands of Bargains in Stand-

ard and Surplus Radio, TV and Electronic 
Items. 

Everything in Electronics at your fin-
gertips in this greatest of all Hudson 
Catalogs. INCLUDES the latest JAN 
CROSS-REFERENCE GUIDE and fully ap-
proved JAN COMPONENTS. Over 192 
pages of the latest and largest selec-
tion of Radio, TV and Industrial Elec-
tronic Equipment, Ham Gear, Tubes, 
Test Instruments, Recording and High 
Fidelity Audio arid Sound Equipment. 
Complete Lines! Wide Selection! Save 
Time and Money with this complete 
buying guide. Send for your FREE copy! 



HUDSON 
RADIO 81 TELEVISION CORP. 

... Everything in Electronics 
for AMATEUR and INDUSTRY! 

ED 

, r. HEADQUARTERS for RCA ., 
Complete Stocks of RCA Tubes, Batteries, Parts, Test 

Equipment ... Always On Hand for Prompt Delivery! 

NEW! 5" OSCILLOSCOPE WO- 88A 
High Gain • Wide Band • Direct Coupled 

Response flat from dc to 100 Kc; within — 3 db at 500 Kc; 
within - 10 db at 1 Mc. Excellent square wave response with 
negligible tilt and over-shoot. Vertical deflection sensi-
tivity 25 rms millivolts per inch. Direct-coupled push-pull, 
two stage vertical amplifier Frequency compensated: 
voltage-calibrated attenuators. 5" CR tube with graph 
screen scaled directly in peak-to-peak voltage. Overall 
input resistance 10 megohms shunted by 9.5 uuf with 
WG-2168 Low Capacitance Probe. " Plus" and "minus" sync, 
1 volt peak- to-peak calibrating voltage. 

Complete with Matched Probes and Cables Pr 

WV-87A 

Master VoltOhmyst* 

Price $112.50 

ce $159.50 

WV-97A 

Senior VoltOhmyst* 

Price $67.50 

Prompt Shipments to any Part of the World 

48 WEST 48th ST. • 212 FULTON ST. 

WV-77A 

Junior VoltOhmyst* 

Price $47.50 

•T.M. Reg. 
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FREED /4.40,,fflwa. 9/14butmeieti. 
FAMOUS FOR 

QUALITY • DEPENDABILITY • ACCURACY 

NO. 1030 LOW 
FREQUENCY "Q" 

INDICATOR 

NO. 1020 B 
MEGOHMMETER 

2.000.000 MEGOHMS 
DIRECT READING 

Send for complete 
Freed Instrument and Transformer catalog 

next project, insist on Freed 

Fidelity Output Transformers. 

Modern high fidelity 
requires the utmost per-
formance and reliabil-
ity. Freed High fidelity 
transformers are wide 
band components fea-
turing astafic construc-
tion. longitudinal bal-
ance, low harmonic 
distortion, uniform 
response, high efficien-
cy, and constant im-
pedance match 
throughout the audio 
frequency spectrum. 
Maximum neutralization 
of stray fields is ac-
complished by use of 
humbalanced coil struc-
tures and multiple alloy shielding. High fidelity is 
achieved on every tap of the universal impedance 
winding without line reflection or transverse coupling. 

All Freed high fidelity Components are thor-
oughly impregnated in a special non-hygroscopic 
varnish, and fully encapsulated in a moisture proof, 
high melting point compound 

NO. 1010 
COMPARISON 

BRIDGE 
FAST, ACCURATE, 

RELIABLE 

NO. 1040 
VACUUM TUBE 
VOLTMETER 

Í-FREED TRANSFORMER COMPANY, INC. 
1718-36 Weirfield Street, ( Ridgewood) Brooklyn 27, New York 

Export Division: 458 Broadway, New York City 13, N.Y. 
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GONSET FIXED-MOBILE EQUIPMENT 

Order Now! 

the ,, o e PP enketuncler 
35-50 watt MULTI-BAND TRANSMITTER 

fi,(ituring 

HIGH "0" HIGH OUTPUT FINAL 

FREQUENCY RANGE: 1.7 to 54 Mc. continuous. 

....0111111111111111.1111111.1e 

Shipping wt. 9 lbs. TUBES: H. I..— 6 % GT. 6146. A. f.— 12AT7, 2-7C5's. 

MICROPHONE INPUT: -1ny standard carbon or p. a. type crystal. 

MODULATOR: Class All. tetrodes and integral high level speech clipping . 

POWER REQUIREMENTS: 300 volts d. c. at 200-225 nia. ( phone) and 6.3 
N olts a c. or d. c. at 3.15 amp. 35 watts input on phone, 50 watts on c. w. 

SIZE: 53,. - high by 8' ," wide by 7' ," deep. Suitable for under dash m o unting. 

(Complet('? ssired and tested, isitli all ' lilies, and including tsto liigh-Q final tank roils 
coser 10-11, 13, 20, 10, 75, and 80 meter.. Final coils for oilier frequencies are 

asailalde separately.) 

tir 

1 

price net $ 124.50 

 VFO for GONSET COVINIANDER covering amateur phone bands. 
Shipping wt. 4 lbs. price net $ 29.95 

"SUPER 6" AMATEUR CONVERTER: 
A compact converter covering the amateur 10, 11, 15, 20, 40, and 75 meter 

pl • bands. Also covers the 19 and 49 meter broadcast bands. The suc-
cessor to the fat ttttt GONSET ••TRI-BAND." 

Shipping wt. 4 lbs. price net $52.50 

POWER SUPPLY: 
Heavy duty 6V. D.C. input companion power supply for Commander trans-

mitter complete with control relay. No rectifier tubes used. Minimum drain. 

Shipping wt. 12 lbs. price net $69.95 

SIGNAL SLICER: 
3.5 ke. nose selectivity. Built-in noise clipper. Can be used with almost any 
auto or fixed radio using 455 ke. i.f. Broad-sharp position switch. Adaptable 

for any converter. Easily installed. Compact, only 6" wide, 5" high, 3" deep. 
Shipping wt. 4 lbs. price net $ 29.95 

NOISE CLIPPER: 
"must.' for every mobile installation operating above 2 or 3 Mc. to reduce 

igniC  interference. Works with all sets using conventional diode detector 

circuits  Complete With universal installation instructions, ready to attach. 
Shipping wt. 1 lb. price net $9.25 

Please ship items checked 

E Check or Money Order enclosed 

I Send C.O.D. 

Postage enclosed for lbs. 

E COMMANDER II POWER SUPPLY 

E VFO E SIGNAL SLICER 

E SUPER 6 3 NOISE CLIPPER 

25% deposit required on all orders 

0 

o 

RADIO PRODUCTS SALES, INC. 
DISTRIBUTORS OF ELECTRONIC EQUIPMENT 

1501 South Hill Street • Los Angeles 15 • California 

PRospect 7471 



II  
To Manufacturers 

and Distributors of 

Products Used in Short- Ware 

Radio Communication 

THE RADIO AMATEUR'S HANDBOOK is the standard 

reference on the technique of high-frequency radio 

communication. Now in its thirtieth annual edition, 

it is used universally by radio engineers and techni-

cians as well as by thousands of amateurs and experi-

menters. Year after year it has sold more widely, and 

now the Handbook has an annual distribution greater 

than any other technical handbook in any field of 

human activity. To manufacturers whose integrity is 

established and whose products meet the approval of 

the American Radio Relay League technical staff, and 

to distributors who sell these products, m e offer use of 

space in the I landbook's Catalog Advertising Section. 

This section is the standard guide for amateur, com-

mercial and government buyers of short-wave radio 

equipment. Particularly valuable as a medium 

through which complete data on products can be 

made easily available to the whole radio engineering 

and experimenting field, it offers an inexpensive 

method of producing and distributing a catalog im-

possible to attain by any other means. We solicit in-

quirks from qualified manufacturers and distributors. 

ADVERTISING DEPARTMENT. . 

American Radio Relay League 
WEST HARTFORD 7, CONNECTICUT 
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TOP HAT RETAINERS 
An improved clamp that 

holds electron tubes, relays, 

capacitors and pluggable 

components in position. 

EASY TO APPLY... INSTANTLY RELEASED 

Made in a variety of sizes to 

fit almost any type tube. 

Recommended for use in 

Army, Navy and Air Force 

electronic equipment. 

POSITIVE LOCKING ACTION 

POSITIVE— Component even when inverted 

will not loosen under the most severe shock 

or vibration. RESILIENT— Positive retention is 

achieved with minimum rigidity or strain on 

component. ACCESSIBLE— Clamp fits on top 

of component and can be fastened or re-

leased easily without tools. CORROSION 

RESISTANT—Hat and Posts are stainless steel. 

All materials and finishes comply with Armed 

Forces Specifications. VERSATILE — Top Hat 

Retainers may be applied to practically any 

tube or plug-in component. 

WRITE TODAY FOR FREE CATALOG 

TIMES FACSIMILE 
CORPORATION 

540 West 58th Street 

New York 19, New York 

1523 L Street, N.W. 

Washington 5, D. C. 
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PRECISE MEASUREMENTS COMPANY 
942 KINGS HIGHWAY, BROOKLYN 23, N. Y., TEL. ES-5-9435 

ONE HUNDRED THOUSAND VOLTS! 

At Fifty Thousand Ohms Volt 

KROVOLTER Model 4000 

• Shielded Polysterene Probe 
• Choice of Ranges 
• Simple Foolproof Circuits 

Measures television and X-ray volt-
ages with extra high input impedances. 
All voltage is dissipated in the 
shielded polysterene probe. 
"Normal-Reverse" key is pro-
vided so that probe may be used 
regardless of polarity of voltage 
under test. Indicator has large 
clear scale for easy reading. 
Additional low leakage path. 
Special insulated probé is sup-
plied on all 100 KV models. 

Range 
Model Kilovolts Price 
4000 0-25/50 $67.30 
4000-A 0-100 80.00 
4000-8 0-50, 100 85.00 
4000-C 0-10/50/100 95.00 

HIGH VOLTAGE 

POWER SUPPLIES 

A precision, well constructed high volt-
age supply for television, meter testing 
and calibration, electrostatic painting, 
breakdown tests, nuclear physics and 
wherever high potentials at low cur-
rents are needed. Output is well fil-
tered direct current. Adjustable by 
means of a control on the front panel. 
Available with or without meter. Input 
voltage is 115 volts, 60 cycles. 

Model Maximum Voltage Price 

6000 
6000-A 
6005 
6005-A 
6010 
6010-A 
6015 
6015-A 
6023 
6025-A 

With Meter 

With Meter 

With Meter 

With Meter 

With Meter 

2,500 
2,500 
5,000 
5,000 
10,000 
10,000 
15,000 
15,000 
25,000 
25,000 

RUBBER CIRCUIT STAMPS 

0000 

8 

6 
17S 11 

9 10 12 

Actual Size 
1-A Stamp 

$40.00 
60.00 
43.00 
65.00 
55.00 
75.00 
70.00 
90.00 
85.00 

105.00 

These handy rubber stamps provide clear sharp impressions of all the most 
widely used rodio and electrical circuit symbols. Not only saves considerable 
drawing and drafting time but provides o neater-looking appearance as 
well, Available in two popular sizes. Stomps may be purchased separately 
or in complete sets. When ordering, specify stamp number and size. 

SIZE A CIRCUIT STAMP SET (12 stamps) $8.30 
SIZE A Individyal Circuit Stamps each .85 
SIZE El CIRCUIT STAMP SET ( I 2 stomps) 10.00 
SIZE 8 hdividual Circuit Stamps each .95 

Actual Size 
1-B Stamp 

gakficei,. 
UrrItt 

gee 
MICRO 

CIRCLE 

CUTTER 

Cuts 
Metals 

Woods 

Plastics 
For quickly cutting those extra large hole sizes. Perfect for making 
washers. 

Model Shank Size 

9 Round 10" 
10 Round 15" 

Extra cutting bits 504 

Price 

212.50 
15.00 

MICRO CIRCLE CUTTER 

Cut holes in all types of metals from 
stainless steel to magnesium. Perfect 
for plastics and wood. Expecially rec-
ommended for cutting meter holes in 
panels. 
Built-in micrometer type size control 
for precise settings. Extra heavy con-
struction of the main beam and body 
make it useful for production jobs as 
well as experimental work. All ore 
equipped with a Ws" high speed steel 
cutting bit. 

Model Type 

1 Round Shank (for drill press or hand drill) 
1-A Square Tapered (for hand brace) 
3 Round Shank 

Extra cutting bit 60c 

Size 

4" 
4" 

Price 

$5.00 
5.00 
7.50 

SCALE PRINTING 

MACHINE 

Prints lettering, numbers 

and divisions on meter 

scales, dials, name plates 

labels, etc. Perfect letter-

ing is assured by the use 

of standard printers type. 

Send for complete de-

tails. 

Model 1300 

Standard Scale Print-

ing Machine. $93.00 

Prices de not include printers Wee-

HIGH VOLTAGE 

TRANSFORMER 

Small physical size is the result of 
engineering studies into this prob-
lem. Used for Oscilloscopes, 
Photoflash Units, and Miniature 
High Voltage Power Supplies. 
Primary has tap for rectifier tube. 
Several diagrams furnished. Pro-
vides 4500 Volts D.C. 

Size 

2" high x 21/4 " wide. 
Base 2W' 
Mtg. Centers 2W' 

Part No. Primary Secondary 

3 KVT 115 Volts 60 3200 Volts AC 
Cycle with 11/4  at I Ma 
Volt Top. 

PRICE $ 15.00 

INSTRUMENTS BUILT TO SPECIFICATIONS 
Precise Measurements Company equipment is used by leading industrial concerns, research laboratories, government and serious amateurs everywhere. 

Your Local Distributor will be glad to show you our products 
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ANTENNAS a d eitilte MOUNTS 

All the prime requisites of a reliable, long lasting mobile antenna system are incorporated 
into MASTER MOBILE MOUNTS through scientific engineering, high quality of materials and 
workmanship ... AND THE PRICES ARE RIGHT. 

MOUNT SPECIFICATIONS: Packag.6c1 and sealed at factory. Ship. wt. Approx. 3 lbs. 

Model TYPE lAll types are topped for 3/4 ", 24 thread stud Offing on Antenna end) Net Price 

126 Body Mount-Straight Spring-Swivel Bose $ 8.75 
126X Body Mount-Heavy Duty-Straight Spring-Swivel Bose 9.40 
126C Body Mount-Straight Spring-Swivel Bose-With Coaxial Connector 8.75 
126XC Body Mount-Heavy Duty-Straight Spring- Swivel Base-With Coaxial Connector 9.40 
132 Body Mount-Double Tapered-Spring Swivel Bose 8.75 
132X Body Mount-Heavy Duty-Double Tapered-Spring Swivel Bese 9.85 
132C Body Mount-Double Tapered Spring-Swivel Base-With Coaxial Connector 8.75 
132XC Body Mount-Heavy Duty-Double Tapered Spring-Swivel Bose-With Coaxial Connector 9.85 
132S Body Mount-Stainless Steel-Double Tapered-Spring Swivel Base 10.75 
132%5 Body Mount-Heavy Duty Stainless Steel-Double Tapered-Spring Swivel Bose 11.85 
132SC gun, Mount-Stainless Steel-Double Tapered Spring-Swivel Base With Cooxial Connector 10.75 
132XSC Body Mount-Heavy Duty Stainless Steel- Double Tapered Spring-Swivel Bose-

With Coaxial Connector 11.85 
138 Bumper Mount-Stroight Spring 6.55 
138X Bumper Mount-Heavy Duty-Straight Spring 7.65 
140 Bumper Mount- Double Tapered Spring 6.55 
140X Bumper Mount-Heavy Duty-Double Tapered Spring 7.65 
1405 Bumper Mount-Stainless Steel-Double Tapered Spring 8.65 
140XS Bumper Mount-Heavy Duty Stainless Steel-Double Tapered Spring 9.65 
142 Bumper Mount- Less Spring, with Insulators for Direct Mounting by Series 3.25 

Bumper Mount- 100 Antennas or 92 Extension and 106 Antennas 

WHIP ANTENNA SPECIFICATIONS: 
Postage rate 10 lbs. minimum. 3 lbs. on all other whip antennas. 

MODEL Overall 
Stainless Steel Length 

100-605 60" 
100-725 72" 
100-78S 78" 
100-865 86" 
100-905 90" 
100-965 96" 
106-605 60" 
106-725 72" 
106-785 78" 
106-86S 86" 
106-90$ 90" 
106-96S 96" 

Base Specifications 

Threaded 3/r Stud to fit all Mounts 
Threaded 3,8" Stud to fit all Mounts 
Threaded 3/r Stud to fit all Mounts 
Threaded 3/8" Stud to fit all Mounts 
Threaded 3/8" Stud to fit all Mounts 
Threaded 3/8" Stud to fit all Mounts 
Plain End 3/16" Dia. ( Fits Model 92 Ext.) 
Plain End 3/16" Dio. ( Fits Model 92 Ext.) 
Plain End 3/16" Dia. ( Fits Model 92 Ext.) 
Plain End 3/16" Dia. ( Fits Model 92 Ext.) 
Plain End 3/16" Dia. ( Fits Model 92 Ext.) 
Plain End 3/16" Dio. ( Fits Model 92 Ext.) 

Net Price 

$4.95 
4.95 
5.00 
5.15 
5.20 
5.25 
4.15 
4.15 
4.20 
4.35 
4.40 
4.50 

ALL BAND 
MOBILE 
ANTENNA 

SILICON-CHROME WHIP 
ANTENNAS- Fits all Master 
Mounts. Finest Cadmium Plated. 
SERIES 9-
with 3,r 24 thread studs: 

Overall 
Model No. Length Net Price 

9-60T 60" $2.97 
9-72T 72" 3.24 
9-84T 84" 3.30 
9.416-T 86" 3.60 
9-96T 96" 3.75 

NEW 8 SERIES- without studs: 
Overall 

Model Na. Length 
8-60 6o-
8-72 72" 

COAXIAL CONVERSION KIT 8-84 84" 
No. 118. Fits all Na. 132 and 1321 Models  Net $1.00 8-86 86" 

SEPARATE SPRINGS FOR ANTENNA MONTS 8-96 96" 
100 Regular, Net $4.50 100X-Heavy Duty, Net $5.50 100S-Stainless Steel, Net $5.50 

EXTENSIONS- Model 90, 26" Net $3.25 Model 92, 18" Net $3.25 Model 94, 36" Net $4.23 
ALL BAND MOBILE ANTENNA - Center-loaded antenna comes with one coil- 20, 40 or 75 
meters. Change coils to any band 80 through 20...For 10 meter operation, short coil in use. 
Fits any MASTER MOUNT or 3/8" SAE thread, Hamrnertone or Chrome finish (if available). 
Height: '8' 10". Weight: 28 ox. Shipping weight: 3 lbs. PRICE: $8.75. Specify freq. coil desired. 
Less spring mount. Extra coils-20, 40 or 75 meters: Net $3.30. 
CIVIL AIR PATROL ANTENNA- 2374, 3507.5 or 485KC. With coil, less mount Net $9.95 
Extra Coils-2374 KC.. Net $3.60 
•X- Heavy Duty, C-Coaxial Type, S-Stainless Steel. 

TWO METER COAX ANTENNAS 
NO, 214- MASTER DE LUXE-a superior new, ruggedly-constructed, vertically polarized an-
tenna with frequency range of 140 to 170 MC. Completely waterproofed. Attractive, highly 
polished chrome finish enhances appearance of any vehicle. Furnished with approx. 10' of 72 
Ohm Coax Cable. MOUNTING TYPES: Type 1-on side with 2 brackets furnished-NET: $15.95 
Type 2,MASTER MOUNT (No. 132X or 140X). Mounts sold separately. Complete antenna: $17.45 
Adjustable mounting-adjusts to 17" 
NO. 113- MASTER VHF ROOF TOP ANTENNA- for police, fire, taxi cabs and amateurs using 
140 MC to 165 MC. Stainless steel wire with threaded fitting- easily replaced or changed 
without disturbing mounting. Comes with 10' Coax Cable. NET: $3.96. 
NO. 114-MASTER COAX VHF ANTENNA-for open type vehicles, convertibles, station wagons, 
fire trucks, taxis and amateurs using 140 MC to 165 MC. Design permits mounting on any con-
venient place by use of any Master's Standard Mounts. Supplied with 18" adjustable section 
and 10' of Coax Cable. NET $9.95. ,i. 

r .„--, 

Net Prize 
52.82 
3.08 
3.13 
3.42 
3.55 

No. 1 1 8 

MODEL 

100 

box 

Extension 

Model 

92 

MODEL MODEL MODEL 132C MODEL 132C MODEL MODEL MODEL 
126 132 I CuAXIAL TYPE) 138 14n 142 
ORDER FROM YOUR DEALER OR WRITE. • Dealer loquiries Invited An Prices Shown Are Arnoteor's Nei 

P. O. Box 1817 • Los Angeles 36, CJIifornia 
Warehouse 8 Shipping Address: 1306 Bond St., L.A. 15, 

Series Series 
106 100 

11 

71teueee Weddle 7/levutte 

110.214 114 113 

Inquiries invited on 
MASTER LINE of MARINE 
& FIXED ANTENNAS 
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HERE'S HOW TO SOUEEZE 

THE MOST OUT OF EVERY 
TEST EOVIPMENT 

DOLLAR! 

BUY famous 17EICC Instrument KITS 

at recle—r—Wed 
You build them in 1 evening- they last a lifetime! 

And you SAVE OVER 50% 

EICO gives you Laboratory Precision at Lowest Cost 

eerf:H, 

221K VTVM KIT $ 25.95 
WIRED $49.95 

214K VTVM KIT $34.95 

WIRED $54.95 

71/2 " METER 

NENEW
Sine Square Wave 

MIlr AUDIO GEN. KIT $31.95 
WIRED $49.95 

425K 5" PUSH-PULL 

SCOPE KIT $44.95 

WIRED $79.95 

315K DELUXE SIG. 

GEN. KIT $ 39.95 
WIRED $59.95 

the complete EICO line of 24 MATCHED INSTRUMENTS 
NOW IN STOCK and KITS—available at all of our 5 great stores. See tht 

EICO ad on Page 149 of this Handbook. 

ederated urchase 91.01.1 L. 9Derieo.ndi 9Eo2,5,oNn orprh,anennop,ton St 1115 HomoIton St 114 Hudton St 
Allentown, Penno Newark 4, N. 1 

66 Dey Street New York 7, N. Y. Dlgby 9-3050 Troty 1761 Allentown 3-7441 Allentown 3-7441 Market 3-9035 ri  
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Octal Tube 
Base Type 
Metal Case 

International 
RECTIFIER 

CORPORATION 

EL SEGUNDO 
CALIFORNIA 

ehee edge 
HI-VOLTAGE SELENIUM RECTIFIERS 

Phenolic Cartridge Type 

111=e 
Type P 

Type F 

Type S 

DIAMETER: From 3/4 " to 1" 
LENGTH: From 3/4 " to 12" 
CURRENT, half-wave: 1.5 ma to 60 ma 
VOLTAGE, DC output: 20 volts to 10,000 volts 

Send for Bulletin H-1 

SELENIUM DIODES 

DIAMETER: From 1/8" to 13/32" 

LENGTH: From 1/4 " to W" 
RMS applied voltage: From 26 
volts to 104 volts 
RMS input carrent, max. 500 
microamperes 

DC output voltage: From 20 volts 
to HO volts 

DC output current: avg. from 200 
microamperes to 1.5 milliamperes 

Reverse Leakage at 10 volts RBIS: 
0.6 microamperes to 2.4 micro-
amperes 
Potted in thermosetting compound 
Temperature Range: From -60° C 
to 100° C 

Available in 1.2. 3 and 4 cell Diodes 

Actual Size 

Send for 
Bulletin SD-1 

HERMETICALLY SEALED RECTIFIERS 

Metal Case Glass Tube 
Pigtail Leads Ferrule Ends 
Glass Seal 

DIAMETER: From 3/16" to 1-1/ t". 
LENGTH: From 9/16" to 10" 

CURRENT, half-wave: 1.5 ma to 60 ma 
VOLTAGE, DC output: From 20 volts to 

4,000 volts. Write for Engineering Data 

POWER RECTIFIERS 
CELL SIZES, From 1" x 1" 
to 6.4" a TVs" 

CURRENT RATINGS. Per 
cell: 0.125 amperes to 7 
amperes 

VOLTAGE RATINGS, in. 
verse per cell: 22 volts rote 
to 40 volts rms 

Efficiency to lark 

Power factor 950, 
Suitable for oil immersion. 
Ratings to 250 KW 

Send for Bulletin C-149 

PHOTO-ELECTRIC CELLS — SELF-GENERATING TYPE 

A-2M 
DP-2 DP-5 13 rnicroarnperes• 

Hermetically Sealed Hermetically Sealed 
2$ unicroomperes• 600 microamperes' 

'At 100 foot•candles end 100 ohms external resistance. 

e 
Unmounted Cells 

Available 
Output up to 

600 microamperes' 

Write for Bulletins 
PC- 649, PPC.250 

HPC.450 

INTERNATIONAL RECTIFIER' 
o o A o N 

General Offices: 1521 E. Grand Ave., El Segundo, Calif. • Phone: El Segundo 1 890 
Chicago Branch Office: 205 West Wacker Drive • Pkone: Franklin 2 - 3889 

New York Drench Office: 12 West 32 nd Street, N. Y. 1 • Phone: Chickering 4-00 1 7 
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manes Mands Television 
SERVICING s 

S ervicing 
pinpoints the trouble for you; • 
shows you exactly how 
to correct it. • 

EVERY FLAW or failure in either sound 
or picture that you're likely to encounter 
in today's TV sets is explained in this su-
perb new handbook, including those hard-
to-find troubles. 

A complete master index of symptoms and 
their possible causes, and clear pictures of 
troubles as they appear on the TV screen, 
enable you to identify any particular fail-
ure quickly and to turn directly to the pro-
cedures for correcting it. 

Large block diagrams show you where 
each circuit and its elements are in the re-

ceiver. Detailed, illustrated trouble-shoot-
ing procedures tell you just what to do. 
Brief, clear reviews of the principles in-
volved and full instruction on the use of 
test equipment, with oscilloscope patterns 
for checking test results, help you to be 
SURE that the adjustments you make will 
achieve the desired results. 

You won't have to thumb through batches 
of manufacturers' notes, never sure that 
you have the right directions for the latest 
improvements. Here is all the information 
and the detailed how-to-do-it instruction 
you want in order to KNOW exactly how 
to get the RIGHT results, with many ex-
pert suggestions for improving overall per-
formance. $5.50 

Handy lists of troubles that may 
occur in each section of the TV re-
ceiver and the exact procedures for 
correcting each. 

Full explanation of unusual hard-
to-find troubles, where they occur, 
how to overcome them. 

Ways of improving overall perform-
ance, improve gain, reduce ghost 
reception, minimize interference. 

Special servicing instruction for 
color TV; for VHF and UHF receiv-
ers; the latest circuits and innova-
tions. 

Large, clear schematics of com-
mercial circuits for all basic parts 
of the TV receiver. 

New, original photographs show-
ing trouble symptoms at they ap-
pear on the TV screen for auick 
identification. 

9or the  eiot int4teer to 
your problem, tunt to 

Television for Radiomen Television st FM Antenna Guide 
by Edward M. Noll 

"By the time you are through with this book you'll have a 
GOOD foundation in TV," writes a radio and TV engineer. 
"You'll discover that the author has treated a much written-
about subject in a refreshingly original manner." Written by 
a man nationally known for his many helpful articles on TV 
operation and servicing, this book explains VERY fully and 
clearly the construction, function, and operating principles of 
EVERY circuit and element in TV reception, the principles of 
transmission, and the techniques of installing, aligning, and 
adjusting today's TV receivers. From this book you'll find it 
easy to acquire the fundamental knowledge you MUST have 
to qualify for che many good jobs now waiting for you in 
television. $7.75 

Radio and Television 
Mathematics by Bernhard Fischer 

"By far the best book for preparation for FCC exams." writes 
one radioman, echoing the opinion of countless others. "A 
book for the place of honor beside its natural partner, the 
slide rule," says Radio-Electronics. Here are step-by-step solu-
tions not only for every question requiring mathematics in the 
FCC study guide, but also for hundreds of other circuit prob-
lems in radio. TV, and industrial electronics. You'll find, 
conveniently arranged under radio topics such as antenna 
power, plate-to-plate voltage and 400 others, the formulas to 
use, the numerical values to substitute, and the step-by-step 
solutions to 721 problems. Whatever YOUR problem, whether 
it is how to correct the power factor of a motor, convert polar 
to j-notation in a matter of seconds, find the impedance and 
length of a matching stub between a TV antenna and its trans-
mission line, or any of hundreds of ocher problems you're apt 
to encounter, here is the clear and exact solution. $6.75 
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by E. M. Noll and M. Mandl 

A basic course on antenna theory combined with a complete 
handbook on all types of antennas, including all commercial 
models, high-gain antennas for fringe areas, antennas for spe-
cial locations and for the proposed UHF allocations. Shows 
you exactly how to determine, quickly and accurately, the best 
type of antenna for the site and the best position for it; how to 
minimize standing waves, noise, etc, on the transmission line; 
how to overcome special kinds of interference, and all other 
techniques for getting the most out of the antenna system. 
Based on extensive testing done by the authors, all information 
on antenna characteristics, dimensions, and comparative per-
formance is completely accurate and reliable. $6.25 

Introduction to Practical Radio 
by D. J. Tucker 

One of the best "fundamentals" book ever published, widely 
praised by authorities. "The chapter on Kirchhoff's laws is a 
model," writes the reviewer in Electronics. "Also goes further 
into the use of vectors for solving ac circuit problems—a must 
for today's radio technicians." $5.00 

See theta at your bookstore or 

Write for on-approval ropier from 

The Macmillan Co. 
60 FIFTH AVENUE NEW YORK 11 
CHICAGO 16 DALLAS 1 



Shurite PANEL METERS 

POPULAR WITH HAMS BECAUSE THEY'RE ... 

MODEL 550-AC MODEL 650-DC 

Rugged Exceptionally high ratio, torque to weight, for fast pointer response. 
Sturdy construction throughout. Molded inner unit with coil frames 
and insulators integral for maximum rigidity. 

Good Looking Dials are metal so. they stay attractive in spite of age and moisture. 
Metal cases throughout with rich telephone black finish. Concealed 
coils and good, readable scales. 

Well Designed kC meters are double-vane repulsion type using hair and jeweled 
bearing. Most DC meters are polarized-vane solenoid type. High 
internal resistance voltmeter available in popular ranges. Accuracy 
well within 5%• 

Guaranteed  For one year from date of purchase against defective workmanship 
and material, and will be repaired or replaced if sent to the factory 
postpaid with 40é handling charge. 

Priced Rig/it For instance, the meters pictured above are piked at 
Model 950, 0-100 DC Ma  $1.60 
Model 650, 0-10 DC Amps.   1.55 
Model 550, 0-150 AC Volts i.30 

Other meters are correspondingly reasonable in price. You get the 
benefit of low costs made possible by large quantity production. 

All of these features are availabe in 323 ranges and types; AC, DC, 
Voltmeters, Ammeters, Milliammeters, Resistance Meters. For in-
stance, DC Milliammeters are made in 65 types and ranges. The 
newest meter is a 0-3 DC Milliammeter with 500 ohms internal 
resistance and built-in zero adjustor with ten times the sensitivity of 
previous 0-3 DC Milliammeters. 

Available   Stocked by leading electronic distributors in a wide variety of types 
and ranges. In spite of stepped-up Shunte production, some meters 
may occasionally be out of stock. Authorized distributors will be the 
first to get stock replacements. 

A Complete Line  

THEY'RE TODAY'S BEST VALUE 
.Í.,k for Catalog Sheet F-55(SII), latest revisim 

Shuri  e SHURITE METERS • 87 Hamilton Street, New Haven 8, Conn. 
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Flybacks: Universal replacement with complete installation data. 
Exact replacement for the "big 10" *where necessary. 

*RCA— Zenith— Motorola—Admiral—etc. 

Transformers: Complete coverage of the replacement market. 

IF-RF Coils: A complete line constantly expanding to meet 
current and future needs. 

Merit Replacement Data: #405 TV "Repl" Guide—#3 Auto Radio 
replacement guide—# 10 comparative transformer part 
nos.— Fl 4 comparative coil part nos. 

• Listed in John Rider's Tek-File and Howard Sams' Counter Facts 
and Photo Facts—Tape Marked* to help you. 

*originated by Merit 

1 Merit Coil and 'I'ransformer Corp. 4425 N. Clark Street, Chicago 40. 



• 
. . world's t 

largest producer 

of TEST LEADS 
and PROBES! 
INSULINE manufactures over 2000 items for 

the radio, automotive, electronic, aircraft, television 

and marine industries. For over 30 years, 

INSULINE has been the leading producer of 

test leads and probes (standard and special types) .. 

outselling the combined production of the 

next three leaders 

Whether it be test leads, probes, tools, metal goods 

or antennas, insist on INSULINE . 

a respected name since 1921. 

4 Write Dept. HI3-53 for latest catalog 
illustrating and describing one of 

the largest selections of electronic 

equipment made by one manufacturer. 

You will find a plug, jack or connector for 

your specific need in our latest catalog. 

INSULINE products are sold through radio 

and electronic jobbers throughout the United 
States and Canada. 

Phono Needle Test Leads 

•=A2Ms, 

»sr.— 
eatieue— 

Laboratory Test Leads 

t=e 

c=ig 

Slim Handle Test Leads 

Slim- Line Test Leads 

Unbreakable 
Test Leads 

-fegu _uP̀Ai2Smia  
caLue 

•Datiireb  

insuline 411 
JACKS 

CORPORATION OF AMERICA 
INSULINE BUILDING • 36-02 35th AVENUE • LONG ISLAND CITY, N. Y. 

West Coast Branch and Warehouse: 

1335 South Plower Street. Los Angeles, Calif. 

Exclusive Canadian Sales Agents- CANADIAN MARCONI COMPANY, Toronto 

gmmenr,10.11, 

CONNECTORS 
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BANDMASTER & ACCESSORIES 
ENGINEERED SPECIFICALLY FOR THE VERSATILE HAM 

40 to 50 Watts — 8 Bands — Phone or CW 
NO PLUG- 1N COILS 

THE NEW BANDMASTER V F 
Designed specifically for the Harvey-Wells 
Bandmaster, but may be used with all types 
of transmitters. Extremely stable — both elec-
trically and mechanically — rugged tests pro-
duce no loss of power or frequency shift even 
on 28 mc. Slanted, illuminated dial face pro-
vides ease of operation and full visibility. 
Cabinet styled specifically to save valuable 
space in the shack. Your Bandmaster and VFO 
become an integral unit. 300 ohm output plugs 
into crystal socket. The Bandmaster VFO has 
been designed to meet the flexible require-
ments of today's versatile amateur. Six bands — 
each directly calibrated on the oversize slide 
rule dial — provides 30.35 volts R.F. output 
over entire frequency range, measured across 
the 6AQ5 in the transmitter oscillator — Plate 
and heater voltages are obtained from the 
terminal strip on the transmitter. Power re-
quirements are 6.3 y@ 0.65 amps. and 300 
v @ 30 ma. Highly stable clap type oscillator 
circuit uses 6AQ7 and 0132 voltage regulator. 

$47.50 

80, 40, 20, 15, I I, 10, 6 and 2 Meters 
(completely wired and tested—not a kit) 

BANDMASTER SENIOR 
A complete ready to go transmitter including the new 
crystal-oscillator-vfo switching circuit. Phone or CW — Eight 
bands — 80, 40, 20, 15, I I, 10, 6 and 2 Meters. Ideal for 
either mobile or fixed station use. Will operate from A.C. 
power packs up to 450 volts at 275 ma., vibrator supply or 
dynamotor supply for porteble mobile operation. Employs 
Pi antenna matching network. Power input to final is 50 
watts with 450 volt power supply on Bands I through 7, 30 
watts on Band 8. No tuning adjustments ere necessary 
except those required to resonate the final output to the 
antenna. May be mounted on rack panel with power supply. 
For use with carbon microphone. No plug in coils . $111.50 

BANDMASTER DELUXE 
Has built-in three tube preamplifier for use with crystal 
mike, and ALL the features of the Bandmaster Sr. $137.50 

POWER SUPPLIES 

APS-50 DPS-50 

Delivers 425 v. at 275. ma. and 6.3 v. at 4 
amps. May be mounted on rack panel. For 110 
Volt A.C. 50-60 cycles $39.50 
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A dynamotor supply for portable operation. 
Delivers 300 Volts 250 ma. 
For 6 Volt operation   $87.50 
For 12 Volt operation 54.50 

(400 Volts 250 ma.) 

tr -4ere-i—T -WELLS ELECTRONICS, INC. 
SOUTHBRIDGE, MASS. Export Dept. 13 East 40th Street, N.Y. 

CANADIAN DISTRIBUTOR: Canadian Marconi Co. 
861 Boy St., Toronto, Ontario 
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Efficiency, Power   22-2d 
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Feed-Back Percentage    262 
Feeder Leligth     . 315 
Filter Design  213-214. 543 



PAGE 

Folded Dipole, Driven-Element Length  415 
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High-Pass Filter    543 
Impedance Matching 39, 40 
Impedance Ratios  39, 311 -312 
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Inductance Calculation  27 
Inductance Measurement.   476 
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LC Constant    44 
Lecher Wires  464 
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Low-Pass Fitter    543 
I./R Time Constant   30 
Moduiat in Impedance   257. 270 
Modulation Index  288 
Modwation Percentage  267 
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Ohm's Law (A.C.).   . 34, 3.5 
Ohm's Law ( D.C.)  19-20, 22 
Output Condenser for Modulated-Plate Power 

Supply    269 
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Power    22 
Power-Supply Output Voltage   214 
Power-Supply Transformer Voltage  215 
0.    42, 44, 542 
g-Section Transformer  317 
Quarter-Wave Phasing Sect ion Length  346 
RC Time Constant  29 
Reactance   34 
Regulation  211 
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Resonant Freimency   41 
Rhombic Antenna .  '342 
Ripple  214 
Screen Dropping Resistor  66 
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tances 25, 26 
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2 a nies 20 -22 
Shunts, Meter  
Standing-Wave Ratio 310, 316, 482 
Surge Impedance .  311-312, 313 -314 
Time Constant, CH, L/R    99, 30 
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Transfi wilier Volt- Ampere Rating  216 
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Voltage Divider    217 
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Viiltage Regulation   211 
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" A "-Frame Mast  
A-1 Operators Club ..   .. 535 

A.C. ..   16, 31-40 
A.C.-D.C. Converters  227 
A.C. Line Filters  500 

1$ 
18 

52 
352 

458 Antenna Switching 
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AM (see " Amplitude Modulation") 
ARRL Emblem Colors .   532 
ARRL Operating Organization  .531-535 
AT-Cut Crystals  131 
Abbreviations for Radio Terms  545 
Additive Frequency Meter  462 
Absorption Frequency Meters.  462-163 
Absorption of Radio Waves  
" Acorn" Tubes  .426-432:2; 
Air-Insulated Lines 
Alignment, Receiver  102 - 103 
Alternating Current  16, 32 -40 
Alt treuil ions   16 
Aluminum Finishing    517 
Amateur Band Operating Charaeteristies. 7, 361 - 

364, 421 

Amateur Bands    .13 - 14 
Amateur Radio Emergency Corps   530 
Amateur Operator and Station Licenses  17 
Amateur Regulations   . 13-14 
Amateur's Code  6 
American Radio Relay League: 

Headquarters  12 - 13 
Hiram Percy Maxim Memorial Station   . 12, 

532 -533 
Joining the League  

Ampere  
Amplification  
Amplification Factor . 
Amplified AV  C' 
Amplifiers, Class A, B, C 
Amplifier Classifient ions   
Amplifier, Speech  
Amplifiers (see basie classifications, " Re-
vel " Transmit ters," " Radioteleph-
ony," and " VALK") 

Amplitude, Current .     .. 15-16 
Amplitude Modulation .  51, 266 
Angle of Radiation  333, 331 
Anode  52 

 :335221 :332611 
Antenna Construction .   .. 
Antenna Couplers 

 316-317 Antenna Input Impedanee 
Antenna Masts  351-353 

Antennas, Ite..eiving 
Antenna Lengt h. . ..... 332-334, 337. 347, 414 -116 

 452-f1 113 Antennas, Mobile ...... 

Antennas for Restricted Space 338-340 
Antennas for V.11.1,  412-420 

 :1 171--:13541 
Antenna for 80 Meters 
Antennas for 160 Meter  1 
Ant i node  

. 43:g3)54 Antistatic Powder  
Array.   343 

Assembling a Station    490-131515° 
Arrays in Combination  

Atmospheric Bending 72-75, 364 
Atoms  16 
Audio-Amplifier Classification  

49151-58-16° /0 Audio-Circuit Rertifieation  
Audio Converters  86 
Audio Frequencies.     17 
Audio Harmonics. Suppression of   258 
Audio Image  94 
Audio Limiting  99 

Audio Oscillator 471-174 

-93 

Autodyne Remition   75, :23n7i:(31  76, 80 

Audio Power  
Auroral Reflection . 

Automatic Volume Control 90-91 
Autotransformer    40 
Average-Current Value.     17 
Awards   .. 533-535 
" B" Battery  52 
BT-Cut Crystals 131 

535 
17 

54,55 61 
  55 

91 
 58-60 
 58-60 
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Back-E.M.F.  
Back-Wave . 
Battle Shields  
Balanced Circuit  
Balanced Modulator 29:3-294 
Balm   414 
Band-Changing, Receivers   82 
Bandpass Filters    543 
Bands, Amateur    14 
Bandspreading 82-83 
Bandwidth    77 
Bandwidth, Antenna.  '331 
Basic Radio Propagation Predictions  362 
Battery   16 
Bazooka  384 
Bel  497-501 
Beam Antennas 337-338,343-351 
Beata Tetrodes.     63 
Beat Frequencies.   51 
Beat Note  76 
Beat Oscillator  90 
Bending, Tropospheric 72-75,364 
Bent Antennas.  339,340-341 
Bias  56-57,139-140,235,258 
Bias, Cathode   65 
Bias Modulation 272-274 
Bias Supplies   220-222 
"Birdies" 84,103 
Blanketing   499 
Bleeder   211,214 
Blocked-Grid Keying    232 
Blocking Condenser  48 
Body Capacity .   81 
Booms, Rotary Beam 356-360 
Brass Pounders League   535 
Breakdown Voltage   25 
Break-In   231, "38 ''39,297,494,523-524 
Bridge Rectifiers,  . . ......... . ..... 209 
Bridge-Type Standing-Wave. Indicators. 479-483 
Broadband Antennas  420 
Broadcast Interference, Elimination of 497-501 
Broadside Arrays 343,345 
Buffer Amplifier.    129,269 
Bolier Condenser.  227-228 
•• Bundler"    427 
Butterfly Circuits 123 
Button, Microphone 241 
Buzzer Code-Practice Set.   14 
By-Pass Condenser   49,153 
By-Passing  49,153,505-507 
"C" Battery .   55 
C (Capacitance)     23 
CI? and I./R Time Constants ....... . _ 29-31,541 
Cable Lacing .   519 
Canadian Director.   12 
Ca pacitanee and Condensers .  23-26 
Capacitance: 

1 )ist ributed   49 
Feed-Back 
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26 Cathode-Ray Oscilloscopes 484-488 
231 Cavity Resonators    . 424-426 
50 Cell  16 
50 Center-Fed Antenna.  334-337 

62 
Inductance, and Frequency Charts.544, 545,546 
Interelectrode .  61,62,145 
Measurement  477 
Specific Inductive   23 
Tube Input .  61-62 
Tube Output    63 

Capacitance-Resistance Time Constant  29 
Capacitive Coupling 45,143,508-509 

Reactance   32-:33 
Carbon Microphone  241 
Carrier .  51,266 
Carrier Suppression 293-294 
Cascade Amplifiers   58 
Cascode R.F. Amplifier    366 
"Catcher"   427-428 
Cathode.  52-53 
Cathode-Bias Calculation    65 

Center-Tap, Filament .     64 
Center-Tap Full-Wave Rectifier .  208-2d9 
Center-Tap Keying .   232.233 
Center-Tap Modulation   277-278 
Channel .   266 
Characteristic Curves  54-55 
Characteristic Impedance 307,313-314 
Characteristics, Crystals    131 
Characteristics, Dynamic  55 
Characteristics of Amateur Bands ...... . . 70,361 
Characteristics of Radio Waves 70-72 
Charges, Electrical   15,16 
Chassis Layout 515-516 
Chirp, Keying 133-134,231 
Choke: 

Coil   26,21:3 
Filter  213 
Radio-Frequency .  48,153 
Swinging  214 

Choke-Coupled Modulation.  271-272 
Choke-Input Filter 213-215 
Circuit Tracking   . 83,98 
Clapp Oscillator.   133 
Class A Amplifiers  58 
Class AB Amplifiers   60 
Class B Amplifiers 59-60 
Class 13 Modulators  . ....... 257-262 
Class C Amplifiers.     60 
Clicks, Keying   231,233-235 
Clipping, Speech 247-251 
Clipping-Filter Circuit    . 240-251 
Closed Stub  317 
Club Affiliation  532 
Coaxial An temeis   419 
Coaxial-Electrode Tubes  389 
Coaxial-Line Circuits 421-422 
Coaxial Plug Connections  518-519 
Coaxial-Line Matching Section  349 
Coaxial Transmission Lines  312,314 
Code (Continental) and Code Practice 13-14 
Code Proficiency Certificate  534 
Coefficient of Coupling 29,46 
Coefficient, Temperature  19 
Coil (see " Inductance") 
Cold-Cathode Rectifiers   209 
Collinear Array  • 343-344 
Color Codes, RTNI A  52.) -521 
Colpitts Circuit    . 67,132-133 
Combined A.C. and D.0  48-50 
Combi mat lint Arrays   350 
Compact Antennas 339,340 
Complex Waves    17,37 
Component Values  519 
Compression, Speech Amplifier   246-247 
Concentric-Line Matching Section    349 
Concentric Transmission Line.     :311 
Condenser    23 
Condenser-Input Filter  212-213 
Condensers: 

Bandspread .     82 
Buffer 227-228 
By-Pass  49,153 
Ceramic.   520 
Electrolytic .   25 
Filter    . 212-215 
Fixed   24-25,505,520 
Main-Tuning  82 
Neutralizing  145 
Padding  83 
Trimmer    83 
Variable 24-25 

Conductance    16 



Conductance, Mutual  
Conductivity  
Conductor Size, Antennas  
Conductors  
Cone Antennas 
Constant, Time  .29-31, 91 
Constants, LC  44 
Constant-Voltage Transformers   224 
Construction, Antenna ..................:351-360 
Construction Practice 514-521 
Continental Code 13 - 14 
Control Circuits, St at lint   4'11-492 
Control Grid  54 
Conversion ........... 
Converters, A.( '.- I 
Converters, Audio.   
Converters, Frequency    8:3-84, 99 
Converters, V.11  F  369-378, 440-444 
Copper-Wire Table   547 
Cores    26, 27-28, 216 
Corner Reflector Antenna  419 
Counterpoise  141 
Countries List, ARRL    539 
Coupled Circuits  ...  44 47 
Couplers, Antenna 322 -329 
Coupling    29 
Coupling: 
Antenna to Receiver.  81, 322, 384 
Amplifier Output 136 -138 
Antenna to Transmitter   322-327 
Bandpass.   164 
Capacitive 45, 143, 508-509 
Choke  
Circuits 44-47, 57 
Close  29 
Coefficient of    29, 45 
Condenser   57 
Critical    46 
Impedance    57 
Inductive   45, 142 
Interstage   141-144 
Link   47, 142, 323 -324 
Loose 
Pi-Section Tank.  143-144 
Resistance.  57, 242 
Transformer 45-46, 57, 242 
To Transmission Lines  136-138 
To Wave Guides and Cavity Resonators  426 
Tuned  

Critical: 
Angle .   
Coupling  
Frequency.   
Inductance  213 

Critical Coupling  46 
Cross-Modulation  07, 408 
Cross-Talk   498 
Crystal Characteristics  131 
Crystal-Controlled Converters  121 - 124. 369 -378 
Crystal-Controlled Oscillators  129, 

130-132, 356 -387 
Crystal Detector 
Crystal Filter, Tuning with   95, MO 
Crystal: 

Diodes  548 
Filter 95 
Grinding  . 131 - 132 
Microphones.     241 
Oscillators 129, 130-132, 386-387 
Resonator    47 

Crystals, Overtone 386-387 
Crystals, Piezoelectric  . 47-48, 131-132 
Current: 

Alternating  16, 32-40 
Antenna  336 
Direct    16 
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55 Distribution, Antenn  t  :336 
.15, 16, 546 Eddy   28, 40 

333 Effective    17 
16 Electric    15 - 16 

420 Feed for Antennas  334 
Lag and Lead 31, 33 -36 
Line   307 
Loop  309 
Magnetizing    38 
Measurement 458--459 
Node  :309 
Plate  53 
Pulsating   53 

. N1 Values  17 
Current-Intensity Modulation 427-428 
Curves, Tube-Characteristic  55 
Cut-Off Frequency.. ............... 543 
Cut-Off, Plate-Current. _ 54-56, 63,139-141 
C. V. Procedure  52') -523 
C.V. Reception   99-100 
Cycle . .16, 31 
Cyclic Variations in Ionosphere... .. . . 74 -75 
Cylindrical Antennas..   ....... 420 
D Region  . 73 
Data, Miscellaneou  •  536-548 
D.C. . 16-17 
D.C. Instruments. 457-462 
DX Century Club 533-534 
DX Operating Code  526 
Dead Spots .     81 
Decay, Voltage. . .................   541 
Decibel.     541 

57 Decouplmg 88-89, 244-245 
Deflection Plates  484-485 
Degeneration    . 60-61 
Degree, Plrise  31 
Deionizing Voltage  66 
Delayed A.V  C  90 
Delta Matching Transformer . .. . 320, 335, 349, 413 
Demodulation    . 51, 77-82 
Density, Flux   15 
Design of Speech Amplifiers 244 -2-15 

29 Det ert ion  51, 76-82 
Detectors .     . 77- 82 
Deviation Ratio .   286 
Diagrams, Schematic Symbols for  2 
Diamond Antenna .  342-343 
Dielectric .     23 

. 137, 138,323 Dielectric Constants 23 
Dies   515 

  73 Difference of Potential     15, 16 
  46 Diffraction of Radio Waves ......   71 
  73 Diode Detectors 77 78 

•,•,7 

86 

Diodes    53 
Dipole, Folded 318-319, 349, 41:3 
Dipole, Half-wave  :3:32 
Direct Current .   16 - 17 
Direct Feed for Antennas   :3:34 
Directive Antennas .   . 337-338, :313-350 
Direetivity, Antenna :334. 337-338, 343 -350 
Director, Antenna  347 

77 Directors, ARRL .   12 
Discharging, Condettser   2:i 
Discriminator  101 
Dissipation, Grid   139 
Dissipation, Plate and Screen   138 - 141 
Distortion, Harmonic   56-57 
Distributed Capacitance and Induetance  49 
Dividers, Voltage .  217-218 
Divisions, A It R   12 
Door-Knob Tube  430 
Doubler, Fro pieney  129 
Doublet, Folded  318-319, 349, 413 
Doublet, Half-Wave  3:32 
Double-Humped Resonance Curve 46-48 
Double-Sidebanel Reduced-Carrier  294 
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Double Superheterodyne   84 Fading.   74 
I/rift, Frequeney 67-68, 132, 134 Farad .   24 
Drift Space 427-428 Faraday Shiead    124 
I/rill Sizes (Table)     315 Feed, Series and Parallel.  48 -49 
Driven-Element Divert ive Antennas  343 Feed-II:irk.  60 -61, 96-97, 261-262 
Driver.. 59, 129 Feeders and Feed Systems  307 -329, 334-336 
Driver Power   138 1311, 241 Feeding Close-Spared Antenna Arrays   :348 
Drivers for Class It Modulator,. .. 237 262 Feeding Half-Wave Antennas. . 334-336 
Driving-Power Plate-1 Ircuit-Eflirienry ( ', irve 139 Feeding Long- Wire Antenna,   338 
Dummy Antenna  132, 51'7 -598 Fidelity   77, 88, 240 
Duplex-Diode, Triodes and Pentodes   66 Field Direrthin   15 

I / XCC .    333 -534 Field, Elect roinagneti •  15 
Dynamic: Field, Elect 6 ,st : it ir     15 

Characterist ics    55 Field Intensity  15, 330 
Instability 67-68 Field, Magnot ost atic .     15 
Microphones    241 Field Strength  :330 

Dynamotors  226 Field-Strength Meter..  478-471) 
Dytiatron Oscillator 68 -69, 428 Filament 52 -53 
E ( Voltage)   17 Filament Center-Tap.  64-65 
E Layer  73 Filament Hum.    64-65 
EM!-'., Bark  26 Filament Supply  216 
E..M.F., Induced  26 Filament Viiltage   139 
Eddy Current  28, 41) Filter Cmnponent Ratings.   215 
Effective Current Value  17 Filter, Crystal  95, 100 
Elli-ioncy. 29-23 Filter Resonance  215 

Amplifier    138 - 139 Filters   543 
Conversion  84 High-Pass 513, 543 
Transformer .   . 38, 39 Keying   233-235 

Elertric Current   Ili Line    500 
Elertriral Charge.   15 Low-Pass   509-511 
Elert rival Laws and Circuits   15-51 Power-Supply  211-215 
Elect rode    52 R.F  233-235 
Electrotytic Condensers  5 Filtering, St ieerh 247-248 
Electromagnetic: Finishing Aim .. i .. um.   517 

Deflection  484 First Detector.   83 
Field    15 Fixed Condenser.  24-25 
Waves    15, 17 Flat Lines  '312 

Elect pimotive Force ( E.M.F.) ......   ... Ili Flux Density, Magnetic 15, 28 -29 
Electron-Coupled Oscillator    . 1311, 133 Flux, Leakage  39 
Elect ron: Flux Lines   15 

GUII  484 Fly-Back  485 
Len.   485 Focusing Electrode    485 
Transit Tinte   -126-427 Folded 1/ipole 318-319, :334-335, 349, 413 

Elertronic: Force, Electromotive  16 
Conduction.   16 Force, Littes of  15 
Key,  239 Form, Message    528 
Su it thing  1111 Free-Spare Pat-tent    333 
Voltage Regulation  218 21!t Frequency     16 

Electrons   16 Frequenry Measurement: 
Elertrosta;ir: Absorption Frequency Meters   432-463 
Coupling   45-46 Frequency Standards.  467-468 
1/eflect ion  485 Heterodyne Frequency Meter  • 465-466 
Field    15 Interpolation-Type Frequency Meter ....-167 -468 
Shield  124, 508 Lecher Wires.  464 
Waves  71 -72 WWV Schedules.     466 

Element. Spacing, Antenna  343 Frequency Modulation 285-292, 388 
Elements, Antenna  343 Constructional 
Elements, Vacuum Tube  52 Narrow-Band Reactance-Modulator Unit . 290 
Emergency Comnumirat ion 529-531 Deviation Ratio  286 
Eiiirreiiry ( 'mn in u nicteinnn  530 Discriminator  101 
Emergency Coeirdinator .   531 Index    286 
Emergency Power Supply   '26-230 Methods 288 
Etnis:ion : On VII . 1"   388 

Elect ron  52 Principles  285 
Serondary   62 Reactance Modulator .  288-289 
Thermim tie  52 Recept ion   101 

End Effect  :332 Transmitter Checking 291-292 
End- Fire Array,  343, 314-346 Frequency-Wavelength Conversion  18 
Energy   99-23 Front-to- Bark Rat io    330 
Exeitation 138 - 139 Full-Wave Bridge Rectifiers    239 
Exeiter Units (see " Transmitters") Full-Wave Center-Tap Rectifiers 208-209 
Exeiting Voltage.  58 Fusing    495 
Extended Doulde-Zepp Antenna  346 Gain ( lontrol  98. 99, 244 
FM (see " Frequeney Modulation") "Gamma" Maid'. . 319 -:320, 349 
¡"-Layer .  73, 362 Ganged Tuning    83 
Fade-Outs, Radio    75 Gaseous Regulator Tubes  218 
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Gasoline-Engine-Driven Generators  230 
Genemotors  230 
Generator .   16 
Generator Noise  434 
Grid   54 

Bias .    64-65, 139-140, 258 

Condenser. .67, 153 
Current  54, 139 
Excitation.   67 
Keying.   , 232 
Leak   139 
Resistor .     57 
Suppressor  62 
Voltage  54 

Grid-Bias Modulation 272-274, 283 
Grid-Cathode Capacitance .    61-62 
Grid-Control Rectifiers  66 
Grid-Dip Meters   469-471 
Grid-Input Impedance  141 
Grid-Leak Detectors  80-82 
Grid-Plate Capacitance. 61-62 
Grid-Plate Crystal Oscillator  130 
Grid-Plate Transconductance  55 
Ground  49-50, 331-332 

Ground Effects 331-332 
Grounds.   341 
Ground Waves  72 
Ground Potential 49  50 

Grounded Antenna  •  340-341 
Grounded-Grid Amplifier  . 64, 366-367, 387 
Guys, Antenna  352-353 
Half-Wave Antenna 332 
Half-Wave Line .     387 
Half-Wave Rectifiers   208 
Halyards, Antenna     353 
Harmonic..     17 

Antenna 336-338 
Distortion 56-57 
Generation    . 158, 501-511 
Operation of Antennas  336 -338 
Reduction  . 158, 388, 498, 503 -511 
Suppression, Audio  258 
Traps   504 

Hartley Circuit   7, 68, 132-133 
Hash Elimination..   228 
Heater    53 
Heating Effect  17 
Henry.  26 
Hertz Antenna  332 
Heterodyne Frequency Meters 465 -466 
Heterodyne Reception.    76 
Heterodyning . 51 
High-C Circuit  44 
I igh Frequencies  17 
Il igh-Frequency Communication  . 70-75 
Il igh-Frequency Oscillator .    86-87 
High-Frequency Receivers .  76-128 
high-Frequency Transmitters  120 -207 
High-Pass Filters  51:3 
Iligh-Q Circuit    .42-43 
high-Vacuum Rectifiers.. 53, 54, 209-210 
liigh-µ Tubes  55 
Hiram Percy Maxim Memorial Station 12, 532 -533 
History of Amateur Radio. ...9-12 
Horizontal Angle of Radiation  330 
Horizontal Polarization of Radio Waves  71 
Hum   64-65, 81, 263-265, 283 
Hysteresis . 28 
/ (Current) .   . 15-16 
Ignition Interference .    433-434 
Image     .84-94 
Image Ratio  84 
Image Response     498 
Impedance  35-36 
Antenna.   . 3:30, 331, 337, 413 
Characteristic  ..307, 313-314 
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Complex.     35 
Grid Input    141 
Input :310, 316-317 
Matching 39, 257-258, 414 -115 
Modulating.    270 -271 
Surge   307 
Transformation   311-312 
Transformer  . 311-312 
Transformer Ratio   39, 267-258 
Transmission-Line   307 

Impedance-Coupled Amplifiers  57 
Imperfect Ground  331 
Impulse Noise   92 
Indicators, Tuning  .93-94 
Induced E.M.F   26 
Inductance   26-29 

Capacitance, and Frequency Charts.544, 545, 54(4 
Critical  213 
Distributed.   49 
Leakage .     3!) 
Measurement.    476 
Mutual 28-29 
Of Small Coils  545 
Optimum Value . 213 
Slug-Tuned     83 

Inductance-Re,istance Time Constant 30-31 
Inductance in Series and Parallel   28 
Inductive Capacitance, Specific  23 
Inductive Coupling . 45, 142, :322 
Inductive Neutralization 145, 147-148 
Inductive Reactance.     .33-34 
Inductor  26 
Infinite Impedance Detector 79-80 
Input Choke   213 
Input Impedance 311-312, 317 
Instability, Receiver 77, 103 
Instantaneous Current Value  17 
Insulators    16 
Interelectrode Capacitances 61-62 
Interference Patterns  502 
Intermediate Frequency .   . 83-84 
Intermediate Frequency Amplifier.  87-91, 94 
Intermediate-Frequency Bandwidths, Table .. 89 
Intermediate-Frequency Noise Silencer . .. 93 
Intermediate-Frequency Transformers. 88-89 
Intermittent Direct Current.   16-51 
Interpolation-Type Frequency Meter... ... 467-468 
Interruption Frequency.... . .............. 368 
Intersfitge Coupling  141-144 
Inverse-Distance Law of Propagation ... 71 
Inverse Peak Voltage   210 
Inversion, Phase   244 
Inversion, Temperature  364 
Ionization  15, 72-75, 36:3-365 
Ionizing Voltage .   66 
Ionosphere   71 -75, 363-365 
Ionosphere Storms  75 
Ionospheric Propagation.  72-75 
Ions 15, 72 
Iron-Core Coil  • 27-28, 37, 38 
Isolating Amplifiers  133 
"J" Antenna    413 
Keeping a Log  527 
Key Chirps.     9:31 
Key Clicks  231, 9:33 -235 
Keyer Tubes    233 
Keying: 
Back-Wave  231 
Break-In .    231-2:32, 238-236 
Electronic Keys...     239 
Key-Click Reduction.  233-2:35 
Met hods   231-236 

Kilocycle. 17 
Kilohm.     20 
Kilovolt  29 
Kilowatt  29 



Kilowatt Hour. 
Klystrons. 
L (Inductance)  
LC Constants 
L/C Ratios  
L/R Time Constant  
" L "-8ection Filters  
Lacing Cable.  
Lag Circuits  
Lag, Current or Voltage . 
Laminations  
Laws Concerning Amateur Operations  
Laws, Electrical  
Lazy-Il Antenna  
Lead, Current or Voltage  
Lead-In, Antenna  
Leakage Flux  
Leakage Inductance.   
Leakage Reactance  
Lecher Wires   
Level, Microphone  
Licennt Manual, 71u, Hailin :Imalear'a  
Licenses, Amateur  
Lighthouse Tubes 
Lightning Protection 
Limiters, Noise  
Limiting Resistor  
Line Current  
Line Filters   
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  23 
427-428 

26-29 
  44 

.44, 138, 273 
30-31 
  543 
  519 

233-235 
31, 33-36 

28 
13 

15-51 
345 

31, 33-36 
.353-354 

39 
39 
39 

464 
240 
13 
13 

. 366, 38 5, 427 
  354 
 92-93, 435 

218 
36 
500 

Line-Voltage Adjustment .     224 
Linear Amplifier  • 59-60, 295-297, 304-306 
Linear Antenna Transformers 
Linear Sweep 
Linearity 
Lines, Matched  
Lines of Force  
Lin n Lines, Noresonant and Resonant 
Lines, Parallel Conductor.   
Lines, Transttlission  
Link Coupling 
Link Neutralization  
Liss:ijous Figures   
Load  
Load Impedance  
Load Isolation, VFO 
Load Resistor. 
Loaded Gircuit Q 
Local Oscillator 
Locations, V.H  F 
Locking-In 
Log, Station  
Logarithmic F.S. Meter  
Long-Wire Antennas.   
Long- Wire Directive Arrays 
Loops  
Losses, Hysteresis 
Loudspeaker Coil Color Code 
Low-C Circuit  
Low Frequencies  
Low-Level Modulators 
Low-Pass Filter. 
Low-µ Tubes.   
Lumped-Constant Circuits  -12•'-423 
MUF (seel" Maximum Usable Frequeney") 
Magnetic Storms.    75, 364 
Magnetizing Current .   :38 

. Magnetron 428-429 
Marker Frequencies  467 
Masts.    351-352 
Matched Lines  308 
Matching, Antenna 316-322, :134-3:16 
Maximum Inverse Peak Voltage  210 
Maximum Usable Frequency  73, 362 
Measurements: 
Antenna  . 478-484 
Capacitance   477 

317 
  485 

 56, 269, 270 
308 

  15 
  :312 

312 
307-329 

 47, 142, 321, 323 
 147, 148 
  486 
22, 55-56 

  257 
  133 
  . 53,55-56 

43,44 
 83,86-87 

365 
 81-82 

527 
479 

336-338 
341 .343 

309 
28 

  521 
44 
17 

285 
215, 509-511, 543 

55 

tutu: 
Current   458 -459 
Field Strength   478 -479 
Frequency   462 -474 
Inductance  476 
Modulation .  263-265, 279 
Output Power   152 
Phase    31 
Power  476 
Resistance.    459-461, 477 
Standing-Wave Ratio 479 484 
Voltage   457-458 

Measuring Instruments.   457 
Medium of Propagation  71 
Niedititn-µ Tubes.   
Megacycle   17 
Megatrons  427 
Megohm  20 
Mercury-Vapor Rectifiers   66, 210 
Message Form  528 
Message Ilandling 527-529 
Meteor Trails 75, 364 
Metering   149-152 
Meters, Volt-Ohm-Milliampere 460-161 
Meter Switching.    149-152 
Mho.    19 
Microampere     20 
Microfarad and Micromicrofarad   24 
Microhenry .     27 
Micromho    . 19, 55 
Microphones  240 
Microvolt    20 
Microwaves (see also " Ultra-High-Frequen-

cies") ..     421 
Milliammeters 
Milliampere 
Millihenry  
Millivolt  
Milliwatt .   
Miscellaneous Data  536 -548 
Mixers 
Mobile Anton Mt  83 -84, 367  452-456 
Mobile Equipment.  433-456 
Mobile Power Supply   452 
Mobile Receivers 436-444 
Mobile Transmitters  445-452 
Modes of Propagation .    424-425 
Modulation, Ileterodyning and 13eats  .50-51 
Modulation: 
Amplitude Modulation  . 51, 266 
Capability    269 
Cathode Modulation .    277-278 
Characteristic  269 
Checking AM ' Phone Operation 263-265 
Choke-Coupled Modulation 271-272 
Controlled-Carrier System  •   276 
Depth  266-267, 286 
Driving Power    260 
Envelope    267 
Frequency Modulation   285, 388 
Grid-Bias Modulation 272-274, 283 
Ileising Modulation   . 272-273 
Impedance   270 
Index  288 
Linearity  269 
Methods  269-270 
Monitoring.    284, 488-489 
Narrow-Band Frequency  286 

  266-277 Pereentage of  
Phase Modulation  28 
Plate Modulation 270-2726 
Plate Supply   259, 269, 282 
Power  267 
Screen-Grid Amplifiers  274-276 
Suppressor-Grid Modulation.  276-277 
Test Equipment 263-265, 279 
Velocity Modulation   427 -428 

53, 458-459 
17 
27 
20 
22 
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Waveforms 267, 268, 279, 281 
Modulator Tubes  257 
Modulators (see " Speech Equipment and 

Modulators")    241 
" Momtone    237 -238 
Monitors   . 236-238, 284, 488 -489 
Motorboating     103 
Mu (µ) .   55 
Mu, 1.ariable    6:3 
Multiband Antennas 338-339 
M itielement Tubes  66 
.11111 Mop Transmission    .74, 364 
Multitneters  460-461 
Multipurpose Tubes  66 
Multipliers, Frequency . . . .. 129, 148-149, 

387, 410 -411 
Multipliers, Voltmeter 457-458 
Multirange Meters.,    460-461 
Musical Scale .   540 
Mutual Conductance.  55, 63 
Mutual Inductance.   . 28-29 
N FM Reception.   101 
Narrow-Band Frequency Modulation    286 
National Traffic System  529 
Natural Resonances    49 
Negat ivy Feed-Back   61, 261-262 
Negative Resistance  
Negative-Resistance Oscillators.  68 -69, 428 
Network Operation  .528 -529 
Neutralization  . 145-147, 271 
Node  • :309 
Noise Figure.    76 - 77 
Noise-Limiter Circuits  9"-93, 435 
Noise, Receiver 76-77, 92-94 
Noise Elimination, Mobile 433-435 
Noise Reduction  .92-93, 228 
Nomenclature, Frequency-Spectrum.  17 - 18 
Nonconductors 16 
Nonlinearity  . 56, 77, 269 
Nonradiating Loads     . 320 -32" 
Nonresonant Lines.   312 
Nonsynchronous Vibrators . 227 
Nucleus    16 

Official Bulletin Station  532 
Official Experimental Station  532 
Official Observer Station.     532 
Official ' Phone Station.   531 
Official Relay Station  531 
Ohm .     18, 
Ohm's Law 19-20 
Ohm's Law for A.0   34 -35, 36 
Ohmmeters  459-460 
Old Timers Club  535 
Open Stub    317 -318 
Open-Wire Lits'   313 
Operating an . Imatuur Radio Station...528, 529, 535 
Operating Angle, Amplifier.     60 
Operating a Station   522-535 
Operating Bias.   .139-140 
Operating Point   56 
Operator's License, Amateur .   13 
Oscillation   .61, 66-69, 103 
Oscillations, Parasitic  . 146-147 
Oscillator Keying .     'nil, 238 
Oscillators   66-69 
Oscillators, Test    168 
Oscilloscope Patterns 26•1,279 281, 

29ti, 301,485 
Oscilloscopes.     2t i3 -265 
Output Condenser, Filter  215 
Output Limiting  247 
Output Power   58, 152 
Output Voltage    242 
Oxide-Coated Cathode  53 
Overexeitation  259 
Overmodulation  268 

emir: 
Overmodulatiott Indicators.  '284 
P (Power)22-32 
PM (see " Phase Modulation") 
Padding Condenser    83 
Parabolic Reflectors     420 
Parallel Amplifiers   . 57, 147-148 
Parallel Antenna Tuning  322-323 
Parallel Capacitances  25 
Parallel Circuits 25-26, 28, 36 
Parallel-Conductor Line.   312 
Parallel Feed   48-49 
Parallel Im pet la nce .    36-37,43 
Parallel Indut•tance  • 28 
Parallel Resist a nces  20-22 
Parallel Rest triance.  42-43 
Parallel Tuning   32*t -323 
Parasitic Elements, Antenna Arrays with 347 -351 
Pa ra si t it E xcit at ion     :347 
Para sit ic Oscillat ions  146 - 147, 149 
Passband, Iteveiver    77, 7>, 
Pat terns, Oscilloscope 264, 279 281, 

296, 301, 485, 486 
Patterns, Radiation .    333, 337 
Pat terns, TV 1 .   502 
Peak-Current Value.     17 
Peak-Voltage Rating    210 
Pencil Tube   366, 385 
Pentagrid Converters  85 -86 
Pentode Amplifiers   113 
Pentode ( 'rystal'Oscillators   130 
Pentode  •  62-63 
Percentage of Modulation   266-277 
Per Cent Ripple 212 -213 
Permeability . 
Phase  31-32 
Phase Inversion    244 
Phase Modulation '(see also " Frequency Modu-

lation")  286-288 
Phase-Modulation Reception .   101 
Phase Relations, Amplifier  •   56 
Phase Shift. 287 
Phased Antennas     345 
'Phone Activities Manager.     531 
'Phone Reception  100 
Phonetic Alphabet .     5'5 
Pilot Lamp Data (Table)   545 
Pi-Si•tion Filters.     138 
Pierce Ost•illator     130 
Piezoelect rit• ' ryst al •  47-48 
Piezoelectrit. Microphone    241 
Piezoelectrit.ity     47 
Plane-Reflect tir Antennas   418-419 
Plate    52 
Plate-t7athode Capaeitance  61 -62, 145 
Plate-Circuit-Efficiencv-Driving-Power Carve. 139 
Plate Current .   53 
Plate-Citrrent Shift 282 -,'53 
Plate Detectors.   79 
Plate I )issipation    138-139 
Plate Efficiency 58, 138 - 139 
Plate Mt dulation  270 
Plate Nt- ut ralization    145 
Plate Rtsistance  55 
Plate Resistor    57 
Plate Supply 251), 269 
Plate Trzoisformer 215-216 
Plate Tuning, Power-Amplifier.   149-152 
Plates. 14eflection 484-485 
" Plumber's Delight' Antenna 357-359 
nihilism ion .  71, 3:30, 332, 412-413 
Portable Antennas   452-456 
Positive Feed- Back    61 
Pot Tank Circuit s     427 
Potential Difference 15, 16 
Potential, Ground 49-50 
Powder, Ant istat lc  435 
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Power 22 23 
Power A inpfification   5s• -60 
Power-Amplification Ratio    58 
Power Factor   37 
Power Gain, Antenna   330, 337 
Power Input  53 
Power Measurement  9'1-23, 476 

Power Output   58, 152 
POWer, Reactive    34 
Poacr, Reflected   3118 
Power Sensitivity   58 
Pm) or-Supply ( ',instruction Data 925 926 

>4 1111111i1 ."... 

A.( '.- D.( ',,tiverters.   ''27 
Bias Supplio   220 222 
Ci indiinat ion A.C.-Storage Battery Supplies. 230 
('ons) met hula! (See Chapters Five anti Six) 
Dry Bat teries . 
Dynamotor, 
Emergency Power Supply  226 -230 
Filament Supply   216 
Genemotor  • 230 
Heavy-Duty Regulated Power Supply 219 
Noise Elimination  •'2N, 230 
Plate Supply   • ,59, 269 
Principle, 208 
lieveivers   106 
Vibrators .   227 
Vibrator Supplies.    227 -230 

Preamplifier, Receiver  98-99 
Predict in nit ( hart  • 75 
Preferred Values, Component  519 
Prefixes  538 -539 
Preseleetors    98 
Primary Coil  37 
Procedure, C.W   522 -523 
Procedure, Voice    524 -525 
Propagat in in, Ionospheric 72-75, 362 -363 
Propagat ion Modes  424-425 
Propaga t tint I Pat tent  •  333 -338 
Propagat it in Phenomena  .363 -365 
Propagation Predictions.  75, 363 
Propagation, %MIA.%  362 
Protective Bias  139 - 140 
Public Relations 496 -197 
Public Service     111-11 
Pulleys, Antenna  353 
"Pulling"   81-82,84 
Pulsating Current  53 
Puncture Voltage 23, 25 
Push-Pull A it u,lifier 58 -59, 148 
Push-Pull Multiplier .   149 
Push-Push Multiplier    149 
Push-t o-tal k    494 

. 41-4S, 83, 95, 135-138, 142, 273, 349, 426 
"Q5-er" 95 -96 
"Q•" Antenna  414 -415 
Q, Loaded Circuit's  43-41 
" Q "-Sect ion Transformer  . 317, 414 -415 
Q Signal  • 7)37 
(287'  

31172 Quarter-Wave Transformer  
Quetich Frequency  
It (Resistance)   . 1> 22 
BC Circuits 29 -30, 311 
ILE  17 
H.M.S. Current Value    17 
RST System   337 
Radial ion     312 
Radiation Angle 
Ran liai ion Characteristics  7' , :330, :::::331.1 

Radiation friim Transmitter 501 -50S 
Radial ion Patterns 333 337 
Radial ion Resistance  333, 3:37 
Radio Amateur Civil Emergency Service  531 
Radio Frequency.     17 

230 
  226 

PAGE 
Radiotelegraph Operating Procedure 522-523 
Radiotelephone Operating Procedure 524- -525 
Radiotelephony: 
Adjustment , and Testing 263-265, 279 
Audio- f fart:ionic Suppression    258 
Class It Modulators    257, 265 
Checking AM Transmit turs  278 -284 
Checking I'M :Lad I'M Transmitters .  291 292 
Cont riwt in 

20-Watt Speech Amplifier Modulator. 252 253 
40-Wat t Modulator . .  232 253 
61.6i loilulators for Low-powered Trans-

mitters  239 253 
Clipper- Filter Speec ii Amplifier.. ...  2-19 251 
Push-Pull f',07 Ali iifula tor and Spot- Ii 
Ampliher  23.3 256 

Screen A1odulator  254 
Crystal- Filter 5513 Exciter 302-304 
High-Power Modulators.   . 257 
Narrow-Band Reactzuwe-Modulator Unit. 290 
Phasing-Type 5513 Exciter 297-301 

Driver Stages  259-262 
Measurements  263 -265, 279 
Microphones .   210 
Modulation.    266 
Monitors  237-233, 284, 488 -489 
Output. Limiting  247 
Overmodulat ion Indicators  284 
Principle  • 266 
Reception  100 
Resistance-(7oupled Speech-Amplifier Data.. 243 
Single-Sinlehand Transmission .   233 
Speech A n t plifier,   241 
Volume I ', ilnpressi,ni  246-247 

Radio Wave ,. ( laraeteristics of .... 70-72, 362-365 
Rag Chewer,. ( 'tub 
Range, V.11  F  
Ratio, Image   84 
Ratio, Impedance 39-10 
Ratio, Turns  38 
Ratio, Power-Amplification  58 
Ratio, Standing Wave  310, 479-484 
Ratio, Transformer  257 
Ratio, Voltage-Am)lification,   56 
Ratio, I. (•    44, 138 
Reaetance, 'apacitive 32 -33 
Reactanee, Inductive  3:3-34 
Reactance, Leakage  39 
React anee, Linear  317 
React : itice, Modulator 288 -289 
Rear t a tine,Tratismission-Line  308 
React ive Power  :34 
Readability Scale    537 
Rebound    364 
Receiver Servicing.     102 - 103 
Receivers, high-Frequency: (See also " V.H F.") 
Antennas for 350-351 
Construct Mimi: 

1-Tube Converter for 10 and 11 Meters. 119 - 120 
1-Tube Regenerative Receiver 104 106 
All-Purpose Super-Seldetive I.F. Amplifier 

125 128 
Antenna Coupling Unit for Receiving . ... 117 

Bandswitehing Preseleetor for 14 to 30 
Mc   115 -116 

Clipper/Filter for C.W. or ' Phone 112 - 113 
Crystal-Controlled Converters for 14, 2.1 
and 28 Mc   .121 - 124 

Receiver Matching to Tuned Lines  118 
"Selectoject 114 
Two-Band Four-Tube Superhet 107 - 111 

Reception Xi- M. I'M and PM  101 
It eve p tin nn, Single-Si le band 101-102 
licctification .   . 53-54 
Rectified A.C.   53 
Rectifiers.  66, 209-210, 548 

r • 4 

 362 



PAGE 

Rectifiers, Grid-Control    66 
Rectifiers, Mercury-Vapor   66,210 
Rectifiers, Setenium 210,222-223,548 
Reflected Impedance  35 
Reflected Waves   308,363-365 
Reflection of Radio Waves 71,72,363-365 
Reflection from Meteor Trails.     364 
Reflection, Ground 72,331 
Reflector, Antenna    347 
Reflex Klystrons   427-428 
Refraction of Radio Waves 71,72,365 
Regeneration 60,61,99 
Regenerative 1)etectors  80-82 
Regenerative I.F 94-95 
Regenerative ILE Stage, Receiver  96 
Regulation, Voltage    211.212 
Regulations, Amateur   ... 13-14 
Regulator Tubes   218 
Regulator, Voltage  219 
Relays   233,494 

Resistance   18-22 
Resistance-Bridge Standing- \ V a ve Indicator 479-483 
Resistance-Capacitance Time Constant 29-30 
Resistance-Coupled Amplifier Data (Chart) ... 243 
Resistance in Series and Parallel 20-22 
Resistivity    18 
Resistor  19 
Resistor Color Code  521 
Resistor Wattage.   . 22-23 
Resonance  40-44 
Resonance Curve 41-43,46-47, 27 
Resonance, Filter    215 
Resonance, Sharpness of 41-43,349 
Resonant-Line Circuits  422 
Resonant Transmission Lines  312 
Resonator, Cavity.    424-426 
Response, Hat  61 
Response, Freiptency 61,240,242 
Response, Tuned-Circuit    542 
Restricted-Space Antenn  is  338-339 
Restriction of Frequency Response  246 
Return Trace   48 
Rewinding Transformers  216-217 
Rhombic Antenna   342-343 
Ithumbatrons 427-428 
" Ribbon" Mierophone .   241 
Ripple Frequency and Voltage  211-212 
Rochelle Salts Crystals  47 
Rotary Antennas.   348 
Rot firy-Beam Construction 354-360 
Route Manager  531 
S- Meter  • 93  94 
S Scale    537 
SSIS Exciters  297-304 
Safety  494-495 
Saturation 27,215 
Saturation Point    53 
Sawtooth Sweep   485-486 
Scatter   74,364 

Screen By-Pass Condenser  66 
Screen Circuits, Tuned  • 387-388 
Screen Dissipation    141 
Sereen-Dropping Resistor  66 
Screen-Grid Amplifier    . 134,141,271 
Screen-Grid Keying    232 
Screen-Grid Modulation   .274-276 
Screen-Grid Tube Protection   141 
Screen-Grid Tubes   62-63 
Screen-Voltage Supply  66 
Second Detector  83-84,89-90 
Secondary Coil   37 
Secondary Emission   62 
Secondary Frequt‘ncy Sttindard 467-468 
Section Communicat if ins Manager  531 
Section Emergency Cofirdinator   531 
Section Nets   532 
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Selective Fading  74 
Selectivity.     . 46-17,76-77 
Selectivity Control    95 
Selectivity, Receiver   77,94-98 
Selenium Rectifier  •   .210,222-223,548 

Self-Bias. 139-140 
Self-Controlled Oscillators  129 
Self-Inductance    26 
Self-Oscillation  66-67,96-97 
Self-Quenching  368 
Sending  523 
Sensitivity, Receiver.  76-77,98-99 
Series Antenna Tuning.  :122-323 
Series Capacitance  •   25-26 
Series Circuits   20-22,25-26,28 

Series Feed 48-49 
Series Inductances  28 
Series- Parallel Resistances   21-22 
Series Resistances  20-21 
Series Resonance 41-42 
Series Voltage-Dropping Resistor.     217 
Servicing Superhet Receivers 102-103 
Sharp Cut-Off Tubes    63 
Sheet Metal Cutting and Bending   517 
Shielding  . 50,62 
Shield  • 50 
Shield, Electrostatic 124,508 
Short Skip 363-364 
Shorting Stick 494 495 
Short-Circuiting  23 
Shot Noise  92 
Shunts, Meter   458-460 
Sideband Cutting  88 
Sideband Interference 266.268 
Sidebands  51,266 
Side Frequencies  51,266 
Signal Generators    471-174 
Signal-Handling Capability .   77 
Signal-to-Inutge Ratio  
Signal Monitor 236.488-489 
Signal NI, initoring  488 
Signal-Strength Indicators 93-94 
Signal-Strength Scale  537 
Signal Voltage  55 
Silencers, Noise 92-93 
Sine Wave 17,31-37 
Single-Ended Circuits  
Single Sideband: 

Amplification   295-297,304-306 
Exciters   297-304 
Signal Reception   86,101 
Transmission 293  306 
Reception  94 

Single-Signal Reception 94-95 
Skin Effect  19 
Skip Distance   73-74,362-365 
Skip Zone  73 
Skirt Selectivity   77 
Sky Wave   .72-75 
Slug-Tuned Inductance  83 
Smoothing Choke  215 
Socket Connections (Diagrams)  . V5-V12 
Solar Cycle . 363 
Soldering .   517 
Spat, ( large.   52 
Space Wave   72 
Spark Plug Suppressors   433-434 
Special-Tyf fe Tubes  66 
Specific Inductive ( 'a pacit y .     23 
Spectrum, Frequency  17-18,70 
Speech Amplifiers.   241 
Speech Amplifier Design 244-245 
Speech Clipping and Filtering.  247-248 
Speech Compression  246-247 
Speech Equipment 240-248 
Splatter  268 
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Sporadic-E Layer Ionization 75, :363-364 
Sporadic-E Skip  363-364 
Spreading of Radio Waves  71 
Spurious Responses 84,100,512-513 
Spurious Sidebands  283-284 
Squegging  87 
Squench Oscillator  368 
Stability, Amplifiers  144-147 
Stability, Receiver   77,103.367 
Stability, VFO .  134-135 
St it I tilization, Voltage 218-219 
Stacked Arrays   . 344,416 
Stage, Amplifier.   59 
Stage, Driver  59 
Stagger-Tuning 46-47 
Standard Component Values .     519 

Standards, Frequency    468 
Standing Waves .    308-310 
Standing-Wave Ratio  310,479-485 
Starting Voltage   218 
Static Characteristics  55 
Static Collectors   435 
St a t ion Control Circuits  491-494 
Station Locations, V.H.F   364 
Straight Amplifier  129 

Stray Receiver Rectification  498 
Stubs, Antenna-Matching  316-322 
Sunspot Cycle   74 
Superheterodyne  83-84 
Superhigh Frequencies (See also " Very High 

Frequencies")     18 
Superimposed A.C. on D.C.  
Superregeneration   '3 
Superregenerative Receiver  (188 368 

Suppressor Grid  62 
Suppressor-Grid Modulation 276-277 
Suppressor, Noise 92-93 
Surface Wave .     72 
Surge Impedance.    307 
Sweep Circuits.  485-486 
Sweep Waveforms    485 
Swing, Grid    54 
Swinging Choke  214 
Switch  19 
Switches, Power  
Switching, Antenna   351 
Switching, Meter 149-152 
Synchronous Vibrators  227 
" T "-Match to Antennas  319-320 
" T "-Section Filters   543 
Tank-Circuit Q 41-48,132,135-138,426 
Tank Constants  

Television Interference, Eliminating . 388,501-513 
Temperature Effects   19 
Temperature Inversion  364 
Termination, Line  308 
Tertiary Winding  89 
Tetrode    62 
Tetrode Amplifiers   141 
Tetrodes, Beam  63 
Thermal-Agitation Noise  76 
Thermionic Emission  52 
Thoriated-Tungsten Cathodes  53 
Thyratrons   66 
Tickler Coil   .80-81 
Time Base   485 
Time Constant .  29-31,91,541 
Tire Static   435 
Tone Control  246 
Tools .514-515 
Trace, Cathode-Ray  485 
Tracing Noise  435 
Tracking   83,98 
Tracking Capacity    98 
Training Aids.   532 
Trans-Atlanties   10 
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Transconductance, Grid-Plate   55 
Transformation, Impedance  44 
Transformers   37-40 
Transformer Color Codes  521 
Transformer Coupling 57,242 
Transformer, Delta-Matching . . .. 320,335,349,413 
Transformer Efficiency.  38-39 
Transformer, " Q "-Section  . 413 
Transformer Ratio  257 

Transformer Rewinding   216-217 
Transformerless Power Supplies   222-223 
Transformers: 

Air-Tuned .   . 88-89 
Constant-Voltage    924 
Filament 216-217 
I.F.   . 88-89 
Linear-Circuit  317 
Permeability-Tuned   89 
Plate 215-216 
Triple-Tuned    89 
Variable-Selectivity .     89 

Transitron.   69 
Transit Time .   426 
Transmission lines   307-329 

Transmission Lines as Circuit Elements . . .  422-423 
Transmission-Line Construction  313 
Transmission-Line Coupling 136-138 
Transmission-Line Feed for Half-Wave 

Antennas .   334-336 
Transmission, Multihop   74 
Transmitters: (see also " Very-High Frequen-

cies", " Ultrahigh Frequencies" and " Mobile") 
Constructional: 
Complete Transmitter Assemblies: 
1-Tube Transmitter for the Beginner. . 154-158 
200-Watt Transmitter for 160 and 80 

Meters 183-185 
6-Band Frequency-Multiplier 197-201 
75-Watt Transmitter for 3 Bands ----- 171-173 
Beat-Frequency Exciter  . 191-193 
Compact 75-Watt 6-Band Transmitter. 166-170 
Completely-Shielded 90- Watt Transmitter 

or Exciter 174-178 
High-Power Tetrode Amplifier 202-205 

494 Remotely-Tuned V FO 194-196 
Silenced VFO for Break-In C.W 188-190 
Simple VI.° 186-188 
Single-Control Low-Power Transmitter 162-165 
Single-813 Transmitter 179-182 

Line-Voltage Adjustment  224 
Metering.  149-152 

135-138 Principles and Design  129 
Rack Construction  206 

Transverse-Electric and Magnetic Mode ... 424-425 
Trapezoidal Pattern 280-281 
Traveling-Wave Tube    429 
Trimmer Condenser    83 
Triodes    54-55 
Triode Amplifiers 149-150 
Triple- Detection Superheterodyne  96 
Tripkr, Frequency  129,149,393 
Tri-Tot Oscillator  130 
Troposphere Propagation 72,75 
Tropospheric Bending .    72-75,364 
Tropospheric Waves  72,75 
Trouble Shooting (Receivers)  102 
Tube Elements  52 
Tube Ei.yer  236 
Tube Noit•  76 
Tubes, Driver    ... 261 
Tubes, Modulator  257 
Tuned4'ircuit Response.   . 542 

Tuned Coupling .   137-138,320-321 
Tuned-S(reen Circuits  387-388 
Tuned-Grid Tuned-Plate Circuit 67-68 
Tuned-Line Tank Circuit.    387 



emir, 

Tutted Transmission Line  . .  312 
Tuners, Antenna, Cousin Lethal of: 
Coax-Coupled Matching Circuit 327 -329 
Receiver t 'wilder     117 118 
" Universal ' Antenna Coupler   .. 328 -329 

Tuning Indieat or,  93-94 
Tuning R.F. Amplifier . 149 - 152 
Tuning Range, Extending the Receiver  99 
l' titling Receivers 51-52, 99 -100 
Tuning Slug  83 
Tuning Transmitters  149-152 
'1' urns Ratio    38 
TV1 388, 501 -513 
TV Receiver Defieieneie,  512 -513 
"Twin-Lamp" Staniliag-Wave In( lieator  483 -484 
Twiti-Lead  313-314 
Ultra-Iligh-Frequelit•ie, : 
" Butterfly" Circuits .   423 
Cavity Resonators   423-426 
Klystrons  427-428 
"Lighthouse" Tubes :16ti, 385, 427 -430 
Lumped-Constant Circuit ,  . 422 -423 
Magnetron  • .428 -429 
Megatrons    427 
Tank (*ircuits .    421-424 
Teehnh pies .  420 432 
Transmission-Line Tanks   429 
Traveling-Wave Tubes.   42!) 
Tubes  426 429 
Velocit y Modulation .   427 
Wave Guides   423-426 

Unbalance in Amplifiers   14$ 
Unbalance in Transmission Line  •   314 
Universal Antenna .Coupler   324 -120 
1-tit tined Transmission Lines .     312 
l'i,ward Modulation   267 -265 
" V" Antenna   3-11 -3-12 
V R-Tubes .   215 
Vacuum-Tube Principles  52-69 
Variable Condenser 24-95 
Variable-Frequency Oseillatt ws: 
Audio-LF 471-474 
V FOs 132-135 

Variable-µ Tube,   63 
Variable Selectivity . .. . . .. ...... 94-98 
Velocity l'aebo- . ..... .... ......   315 
Veloeity Mierophone ..... ............ . 241 
Vil, eit y-Modulat (A Tubes  427 

. ...... .   427 
  . 18, 70-71 

•  484 
  330 

Veloeity Modulat ion . 
Veloeity of Radio Waves 
Vertical Amplifiers 
Vertical Angle of Radiation 
Vertical Polarization of Radio Waves   71 
Very-High Frequencies (% 

Antenna Systems.   .412-420, 452-456 
Constructional: 
Receivers: 

Crystal-Controlled Converters ...... 369-378 

Receivers for 420 Me 380-383 
R.F. Amplifiers for 420 Me 382 -383 
2-Meter Mobile Converter.  443-444 
28- and 50-Mc. Converter 369 -372 
68Q7 Preamplifiers-for 50 and 144 Me 379-380 
420-Mc. Converter   381-382 

Transmitters: 
50-144 Me. Crystal Controlled Mobile 
Transmitters .    445-452 

14-1-Mc. Driver-Amplifier  
420- Me. Transmitters 409-411 

Complete Transmitter for 144 Through 21 
Me.  .359-392 

Crystal Control on 220 Me. 407-408 
Final Amplifier for 50, 28 and 21 Me...396-399 
V.H.F. Man's -401 
Transmitter-Exciters for 50 and 144 Mc. 

402-105 
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100-Watt R.F. Ampinier for 50 and 144 
Mc  405-406 

Propagation  362 
Receiver Considerations   365 
Station Locations, V.11  F   

:336684 Sul wrregenerative Receiver  
Transmitter Design .   385 
V.II.F. Receiver Design 365-368 

VIO,   129 

Vibrator Power Supplies  227-22!) 

Virtual Height    72 
Voice ( 'ont rol .   297 
Voice ()penning  Volt  524--525 

17 

Volt-Amperes   364,' 4 
Volt-Ampere Rating  
Voltage Amplification .   Voltage Amplifier  55- .5 22 : 7 

541f82i 

Voltage Breakdown .   
%.oltage Decay  541 
Voltage Dividers   217 215 
V, ,It age Distribution, Antenna 333,1:31: 
VoltageDrop 21, 217 
Voltage Feed for Antennas 
Voltage Gain 57, 212 
Voltage Loop   3 
Voltage-Amplitication Ratio  5%) 
Voltage- Multiplier Circuits   222 -223 
Voltage Nic,le 309 
Voltage Ratio, Transformer    3$ 
Voltage Regulation     211 

  211 212 

Voltage Itt-e   - 42 
Voltage- Row Oat or Interference   434 
Voltage-Stabilized Power Supplies ........ 218--219 
Voltmeters   457 -458, 460-462 
Volume Compression   246-247 
W1AW 12,532-55::43 

WAC WAS CertificatesAward  533 

Watt     22 

Watt-Hour    23 
Watt-Second  23 
Wave Angle   73, 3:33 
Wave-Envelope Pattern  267 
Wave Front  71 
Wave, Ground  72 -73 

Wave Guides  423 -421; 

Wave Propagation   ..72 -75 
Wave, Sine   17, 31 -37 

- Wave, Sky 72 -75 
Waveform .   17 
Wavelength  18 
W;ivelength-Frequency Conversion  15 
Wavelength Performanee  
Wavelengths, Amateur  14 

:17 
Waves, Complex.  3 

Waves, Distorted  3i 
Waves, Electromagnetic .   15 
Wavetrap  • 500, 504 
Wheel Static .    434-435 
Wide-Band Antennas .   21 

Wire Table .   
Wiring Diagrams, Symbols-for  . Wiring, Station  4547: 

495 

Wiring, Transmitter   517-51!) 
Word Lists for Accurate Transmission  525 
Working DX  525 -;3221.: 

Working Voltage. Condenser .   
Workshop Practice   514 521 

WWV Sehed!tle,  460 

X (Reavtancel  :i2-34 

" Y "-Matching, Transformer  31!) 
Z (Impedance)  34 -36 

Zero Beat    Si -82 






