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(See Footnote 1) 

A. B. 
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(See footnote 2) 
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A. [.BI 
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A- Fixcd coil or rf choke 
B- Coil with fixed tap 
C- ail with variable tap 
(Sinai I circles indicate play-and-
jack or tin‘,/,gpost terminals) 

IRGN-Cc^F INDUCTOR 
OF c,icKE 

A 

A-AIR-CORE TRANSFORMER 
O INDUCTIVELY-COUPLED COILS 
(Arrow used only if coupling 
is variable) 
13- LINK-COUPLED COILS 

IRON-CORF. TRANSFORMERS 
A- Laminated core 
B-Po•dered- iron core 
(Arrows indicate variable 
core or permeability tuning) 

FIXED RESISTOR 

VARIABLE RESISTOR, 
POTENTIOMETER, VOL1AGE 
Op/10ER, RHEOSTAT, ETC. 

WIRING DIAGRAM DEVICES 
A- Wires connected 
B- Wires not connected 

'0"0•00. 

TWISTED- PAIR CABLE 

COAXIAL CABLE 

SHIELDED WIRE OR CABLE 

SHIELDING 

.1 

iL 
FARADAY SHIELD 

iii 
TERMINALS 

with appropriate labels 

IJ1 " 2 1 AI 
SWITCHES 

A- S.P.5.r c- OPsrS.P. O. T. 0-Rotary Muitipoint 

KEY JACK 

PLUG 

E 
MICROPHONES 

A-Single-button 0- Dynamic 
B-Double-button E- Velocity 
C- Condenser F- Crystal 

-6b-
Double Sirtgle 
HEADPHONES 

LOUDSPEAKER 

rfrJ 

BUZZER 

-0----- -0=-

A 
RELAYS 

A-Normally-open 
B-Normaiiy- closed 

A B 
-r; 

viBRt.TOnS 
A- Non rectifying 
B-Sen-recti,giag 

METER 
(wit/i et. proper 

identification - V,NA,etc) 

MOTOR 

®  -e- IiIiIiFtPOWER PLUGS 
PLUGS 

A- Non polarized 
B-Polarized 

Nonpolorized and polonieif 
power receptacles 

er\-/ 
FUSE 

BATTERY SINGLE CELL 

pri 

RECTIFIER 

Plate 

Filameni 
DIODE VACUUM TUBE 

Plaie 

Grid 

Filament 
TRIODE VACUUM TUBE 

63 

Cadwde— 

MULTIGRID VACUUM TUBE 
The grids are usually 
numbered, G, being that 
closest to the cathode 

Plate 
64 

G2 

r 
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OR HEATER 

Y 
PHOTOU t_CTRIC 

CATI,L:DE 
COLD 

CATHODE 

— - 
GRID 

(Also beam-confirnny 
or beam-forming 

electrode) 

DIODE 
PLATE 

PLATE 

—4= 
—cm 
ANODES 

ELECTRON-RAY CATHODE-RAY 
TUBE TARGET TUBE DEFLECTING 

ANODES PLATES 

LAMPS 
A- Panel or dial 

NEON BULB orVOLTAGE REGULATOR 
(VR) TUBE 

(Usually disk) 

•(dot) A niCRYSTALS + B 

dry-  

INDICATES GASEOUS TUBE A- Piezoelectric 
B- Detector 

lire it is necessary or desirable to idea tif V the electrodes, the curved element represents the outside clectrg oie 
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in electrolytic condensers. 
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Foreword 
In twenty-two years of continuous publication The Radio Amateur's 

Handbook has become as much of an institution as amateur radio itself. 
Produced by the amateur's own organization, the American Radio Relay 
League, and written with the needs of the practical amateur constantly in 
mind, it has earned universal acceptance not only by amateurs but by all 
segments of the technical radio world, from students to engineers, service-
men to operators. This wide dependence on the Handbook is founded on its 
practical utility, its treatment of radio coinmunication problems in terms 
of how-to-do-it rather than by abstract discussion and abstruse formulas. 
But there is another factor as well: dealing with a fast-moving and pro-

gressive science, sweeping and virtually continuous modification has been 
a feature of the Handbook— always with the objective of presenting the 
soundest and best aspects of current practice rather than the merely new 
and novel. Its annual rewriting is a major task of the headquarters group 
of the League, participated in by skilled and experienced amateurs well 
acquainted with the practical problems in the art. 

In contrast to most publications of a comparable nature, the Handbook 
is printed in the format of the League's monthly magazine, QST. This, 
together with extensive and usefully-appropriate catalog advertising by 
manufacturers producing equipment for the radio amateur, makes it pos-
sible to distribute for a very modest charge a work which in volume of 
subject matter and profusion of illustration surpasses most available radio 
texts selling for several times its price. 
This twenty-fifth edition of the Handbook is featured by the complete 

rewriting of most of the material. The textbook style that made the book 
so useful for training purposes during the war years has been replaced by a 
simpler and more understandable discussion of those basic facts that an 
amateur should know to get the most out of designing and using his ap-
paratus. Owners of previous editions will recognize immediately that the 
over-all plan of the book has been changed — achieving, we believe, the 
object of segregating the material so that it can be most conveniently used. 
A great deal of new equipment has been constructed especially for this 
edition. As always, the object has been to show the best of current technique 
through equipment designs proved by thorough testing. As the art grows, 
the problem of presenting a representative selection of gear grows with it — 
a state of affairs that is reflected in an increase of well over a hundred 
pages in this edition. New chapters on ultrahigh frequencies, station 
assembly, and the elimination of interference to broadcasting have been 
added to round out the treatment of all phases of amateur radio. The 
• material on operating has likewise been greatly expanded. Altogether, this 
revision is the most comprehensive of recent years. 
The Handbook has long been considered an indispensable part of the 

amateur's equipment. We earnestly hope that the present edition will 
succeed in bringing as much assistance and inspiration to amateurs and 
would-be amateurs as have its predecessors. 

KENNETH B. WARNER 
Managing Secretary, A.R.R.L. 

WEST HARTFORD, CONN. 
December, 1947 
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MàYd'al.geden 

ONE The Amateur is Gentlemanly . . . He never 
knowingly uses the air for his own amuse-

ment 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 
amateur 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 

advice and counsel to the beginner, kindly assistance 

and cooperation for the broadcast listener; these are 
marks of the amateur 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 community. 

SIX The Amateur is Patriotic . . . His knowledge 
and his station are always ready for the service 

of his country and his community. 



CHAPTER 1 

Amateur Radio 

Amateur radio is a scientific hobby, a means 
of gaining personal skill in the fascinating art 
of electronics and an opportunity to com-
municate with fellow citizens by private short-
wave radio. Scattered over the globe are more 
than 100,000 amateur radio operators who 
perform a service defined in international law 
as one of " self training, intercommunication 
and technical investigations carried on by . . . 
duly authorized persons interested in radio 
technique solely with a personal aim and with-
out pecuniary interest:" 
From a humble beginning at the turn of the 

century, amateur radio has grown to become 
an established institution. Today the Ameri-
can followers of amateur radio number 80,000, 
a group of trained corrtmunicators from whose 
ranks will come the professional communica-
tions specialists and executives of tomorrow — 
just as many of today's radio leaders were first 
attracted to radio by their early interest in 
amateur radio communication. A powerful 
and prosperous organization now provides a 
bond between amateurs and protects their 
interests; an internationalle4espected 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-
duction techniques — in itself a national 
asset. Amateurs have won the gratitude of 
the nation fur their heroic performances in 
times of natural disaster. Through their or-
ganization, amateurs have coilperative work-
ing agreements, with such agencies as the 
United Nations and the Red Cross. Amateur 
radio is, indeed, a magnificently useful in-
stitution. 

Although as old as the art of radio itself, 
amateur radio did not always enjoy such 
prestige. Its first enthusiasts were private 
citizens of an experimental turn of mind whose 
imagination went wild when Marconi first 
proved that messages actually could be sent 
by wireless. They set about learning enough 
about the new scientific marvel to build home-
made stations. 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 late Hiram Percy Maxim, 
ARRL 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 PERCY MAXIM 
President ARM,, 1914-1936 

9 



10 CHAPTER 1 

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 offices 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 members scattered, 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. Interference? It was 
bedlam! 

But it was an era of progress. 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 continent with but one 
intermediate relay. 

• TeANSATLANTICS 
Aei`DX became 1000, then 1500 and then 

2000 miles, aniateurs began to dream of trans-
Atlantic wojk. 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 were 
logged by European amateurs and one French 
and two British stations were heard on this 
side. • 

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, 
I XAM (now W9UZ and W3RB, 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 frequencynietermining 
conferences, in 1924, wisely obtained amateur 
bands not only at 80 meters but at 40, 20, 10 
and even 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. 
From then until " Pearl Harbor," when U. S. 

amateurs were again closed down " for the 
duration," amateur radio thrilled with a series 
of unparalleled accomplishments. Countries 
all over the world came on the air, and the 
world total of amateurs passed the 100,000 
mark. . . . ARRL representatives deliberated 
with the representatives of twenty-two other 
nations in Paris in 1925 where, on April 17th, 
the International Amateur Radio Union was 
formed — a federation of national amateur 
radio societies. . . . The League began is-
suing certificates to those who could prove 
they had worked all six continents. More luau 
six thousand amateurs have been awarded 
VAC certificates. 
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• 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 the Army and Navy and the ama-
teur. These relations strengthened in the next 
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 Amateur 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, 1TS, of Bristol, 
Conn. (now assistant technical editor of QST), 
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 cases 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 cooperation 
with the Red Cross, and in 1947 a National 
Emergency Coordinator was appointed to 
full-time duty at League headquarters. 

• TECHNICAL DEVELOPMENTS 
Throughout these many years the amateur 

was careful not to slight experimental develop-
ment in the 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 the vicinity of 56 Mc. 
indicated that band to be practically worth-
less for DX. Nonetheless, 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 the brilliant experimenter, Ross 
Hull ( later QST's editor), 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. 
The amateur is constantly in the forefront of 

technical progress. His incessant curiosity, his 
eagerness to 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 AltIlL 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 the recent war, 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 projects such as propagation 
studies; each participating amateur station is 
in reality a separate fieid 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 organized to represent the 

amateur in legislative matters. It is pledged to 
promote interest in two-way amateur com-
munication and experimentation. It is inter-
ested 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. 
One of the League's principal purposes is to 

keep amateur activities so well conductèd 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 the public 
interest, convenience and necessity." 
The operating territory of ARRL is divided 

into fifteen U. S. and five Canadian divisions. 
The affairs of the League are managed by a 
Board of Directors. One director is elected 
every two years by the membership of each 
U. S. division, and a Canadian General Man-
ager is elected every two years by the Cana-
dian membership. These directors then choose 
the president and vice-president, who are also 
members of the Board. The managing secretary, 
treasurer and communications manager are 
appointed by the Board. The directors, as 
representatives of the amateurs in their divi-
sions, meet annually to examine current ama-
teur problems and formulate ARRL policies 
thereon. 
ARRL owns and publishes the monthly 

magazine, QST. Acting as a bulletin of the 
League's organized activities, QST 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, W1AW 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-
tivities the League maintains a Communica-
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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 country's 
seventy-one 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 Fed-
eral Communications Commission authority 
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. Ama-
teur operator licenses are given to U. S. citi-
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 
at 13 words per minute. Station licenses are 
granted only to licensed operators and permit 
communication between such stations for ama-
teur purposes, i.e., for personal noncommercial 
aims flowing from an interest in radio tech-
nique. An amateur station may not be used for 
material compensation of any sort nor for 
broadcasting. Narrow bands of frequencies are 
allocated exclusively for use by amateur sta-
tions. 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 radiotelephone 
use by persons having at least a year's experi-
ence and who pass the examination for a Class 
A license. The input to the final stage of ama-
teur stations is limited to 1000 watts and on 
frequencies below 60 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 on 

certain frequencies, subject to further regula-
tions. An amateur station may be operated 
only by an amateur operator licensee, but 
any licensed amateur operator may operate 
any amateur station. 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 13 words 
per minute, 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-
minute discussion of license requirements, and 
a study guide for those preparing for the 
examination, are to be found in an ARRL 
publication, The Radio Amateur' s License 
Manual, available from the American Radio 
Relay League, West Hartford 7, Conn., for 
25e, postpaid. 

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

consider it simply another means of conveying 
information. The spoken word is one method, 

A didah 

B dandididit 

C dandidandit 
D dab didit 

E dit 

F dididandit 

G dandandit 

H didididit 

I didit 

J didandandah 

• dandidah 

L didandidit 

M dandah 

N dandit 

O dandandah 

P dickthdandit 

Q dandandidah 
R didandit 

S dididit 

T dah 

U dididah 

✓ didididah 
W didandah 

X dandididah 

Y dandidandah 
Z dandandidit 

1 didandandandah 6 

2 dicricrandandah 7 

3 didididandah 8 

4 dididididah 9 

5 dididididit 

dahdidididit 
dahdahdididit 

dahdahdahdidit 

dahd-aidahdahdit 
dahdahdahdahdah —  

Period: didandidandidah. Comma: dandah-

dididandah. Question mark: dididandandidit. 
Error :didididididididit. Double dash :dandididi-

dah. Wait: didandididit. End of message: 
didandidandit. Invitation to transmit: dandi-

dah. End of work: didididandidah. Fraction 
bar: dandididandit. 

Fig. 1-.1 — The Continental (International Morse)s)xide. 
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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 of it as a language of sou, i. 
never as combinations of dots and dashes. It is 
easy to " speak" code equivalents by using 
"dit" and "dah," 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 "dah" 
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. 

• ACQUIRING SPEED BY BUZZER 
PRACTICE 

Regular practice periods will develop code 
proficiency. Two people can learn the code 
together, sending to each other by means of a 
buzzer-and-key outfit. An advantage of this 
system is that it develops sending ability, too, 
for the person doing the receiving will be quick 
to criticize uneven or indistinct sending. If 
possible get an experienced operator for the 
first few sessions to learn how well-sent char-
acters should sound. 

Either the buzzer set shown in Figs. 1-2 and 
1-3 or the audio oscillator described will give 
satisfactory results as a practice set. The 
battery-operated audio oscillator in Figs. 1-4 
and 1-5 is easy to construct and is effective. If 
nothing is heard in the headphones when the 

To • live Dry car 
eane. In series canner-tee 

here 

Fie 1.2 — The headphones are connected across the 
coils of the buzzer, with a condenser in series. If the 
value shown gives an excessively loud signal, it may be 
reduced to 470 mad. or 220 mull 

Fig. 1-3 — The cover of the buzzer unit has been re-
moved in this view of the buzzer codeprartiee set. 

key is . depressed, reverse the leads goi.ig to 
either transformer winding (do not reverse 
both windings). 

With a practice set ready, send single letters 
at first. When each character can be read 
quickly follow this by slow sending of complete • 
words and sentences. Have the material sent 
at a rate slightly faster than you can copy 
easily; this speeds up your mind. Write down 
each letter you recognize. Do not try to write 
down the dots and dashes; write down letters. 
Don't stop to compare the sounds of different 
letters, or think too long about a letter or word 
that has been missed. Go right on to the next 
one, or each " miss" will cause you to lose 
several characters. If you exercise a little 
patience you will soon be getting every char-
acter. When you can receive 13 words a minute 
(65 letters a minute), have the sender transmit 
code groups rather than English text. This will 
prevent you from recognizing a word " on the 
way" and filling it in before you've really 
listened to the letter-3 themselves. 

After you have acquired reasonable pro-
ficiency, concentrate on the less common char-
acters, as well as the numerals and panctua-
tion. These prove the downfall of many ap-
plicants taking the code examination. 

• LEARNING BY LISTENING 
W1AW conducts practice transmissions 

nightly, Monday through Friday, at speeds 
from 9 to 35 w.p.m. Such practice tapes start 
at 10 P.M. EST (EDST in summer). In addi-
tion, the Official Bulletins, also sent from 
W1AW, give added practice at 15 and 25 
w.p.m. See the Operating News section an-
nouncements of the W1AW operating schedule, 
and Code Proficiency Program notes, in the 
latest copy of QST. Practice until you can mail 
in what you have copied over the air on 
NVIA W's monthly " qualifying run" to get a 
15-word-per-minuto Code Proficiency Certifi-
cate or a sticker for advanced speeds. As soon 
as you can, listen on a real communications 
receiver ( with beat oscillator) and have the 
fun of learning by listening. 
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014#110 
- Phones + 22 5 

Fig. 1-4 — Wiring diagram of a simple vacuum-tube 
audio-frenitency oscillator for use as a code-practice set 

• USING A KEY 
The correct way to grasp the key is impor-

tant. The knob of the key should be about 
eighteen inches from the edge of the operating 
table and about on a line with the operator's 
right shoulder, allowing room for the elbow to 
rest on the table. A table about thirty inches 
in height is best. The spring tension of the key 
varies with different operators. A fairly heavy 
spring at the start is desirable. The back ad-
justment of the key should be changed until 
there is a vertical movement of about one-six-
teenth inch at the knob. After an operator has 
mastered the use of the hand-key the tension 
should be changed and can be reduced to the 
minimum spring tension that will cause the 
key to open iminediately when the pressure is 
released. More spring tension than necessary 
causes the expenditure of unne.xssary energy. 
The contacts should be spaced by the rear 
screw on the key only and not by allowing 
play in the side screws, which are provided 
merely for aligning the contact points. These 
side screws should be screwed up to a setting 
which prevents appreciable side play, but not 
adjusted so tightly that binding is caused. The 
gap between the contacts should always be at 
least a thirty-second of an inch, since too-
finely spaced contacts will cultivate a nervous 
style of sending which is highly undesirable. 
On the other hand, too-wide spacing (much 
over one-sixteenth inch), may result in unduly 
heavy or " muddy" sending. 
Do not hold the key tightly. Let the hand 

rest lightly on the key. The thumb should be 
against the left side of the knob. The first and 

%%At { 
LS VOLTS 

BAI 

%1.05{. 

"HONES 

Fig. 1-5— I.avont of the audio-oscillator code-practice 
set. All parts may be mounted on a ‘% ootlen baseboard, 
approximately 5 X 7 inches in size. 

second fingers should be bent a little. They 
should hold the middle and right sides of the 
knob, respectively. The fingers are partly on 
top and partly over the side of the knob. The 
other two fingers should be free of the key. 
Fig. 1-6 shows the correct way to hold a key. 
A wrist motion should be used in sending. 

The whole arm should not be used. One should 
not send " nervously" but with a steady flex-
ing of the wrist. The grasp on the key should 
be firm, but not tight, or jerky sending will re-
sult. None of the muscles should be tense but 
they should all be under control. The arm 
should rest lightly on the operating table with 
the. wrist held above the table. An up-and-
down motion without any sideway action is 
best. The fingers should never leave the key 
knob. 
Good sending may seem easier than receiv-

ing, but don't be deceived. A beginner should 
not attempt to send fast. Keep your transmit-
ting speed down to your receiving speed, and 
bend your efforts to sending well. Do not try to 
speed things up too soon. A slow, even rate of 

Fig. 1-6 — This sketch illustrates the correct position 
of the hand and fingers for good sending with a tele-
graph key. 

sending is the mark of a good operator. Speed 
will come with time alone. Leave special types 
of keys alone until you have mastered the 
knack of handling the standard key. Because 
radio transmissions are seldom free from inter-
ference, a " heavier" style of sending is best 
to develop for radio work. A rugged, heavy 
key will help in developing this characteristic. 
To become expert in transmitting good code, 

after you have thoroughly learned each letter 
and numeral and can both send and copy let-
ters without hesitation, your best practice is to 
listen to commercial automatic-tape stations. 
Perfectly-sent code can be accomplished only 
by a machine, and you want to get fixed in your 
mind, indelibly, the correct formation of each 
and every code character and in particular the 
associated spaces. One of the best methods for 
deriving this association is to find a commercial 
or other tape station sending at about your 
maximum receiving speed. Notice the forma-
tion of each letter, the spaces left between let-
ters and words, mid the proportion in length of 
dits to dahs. Listen to the transmissions as you 
would at a musical concert, concentrating on 
assimilating every detail. The spaces between 
words may seem exaggerated, sitnply because 
you have probably been running yours to-
gether. A score of other details m here the auto-
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matie transmission is different than yours will 
very likely show up in the same text. From all 
this you will learn where your own faults lie 
and be able to correct them. 

• THE AMATEUR BANDS 
Moat curs 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 
needa. 
Below is a summary of the U. S. amateur 

bands on which operation is permitted as of 
our press date. Figures are megacycles. • A0 
means an unmodulated carrier, Al means c.w. 
telegraphy, A2 is m.c.w., A3 is AM 'phone, A4 
is facsimile, A5 is television; NBFM designates 
narrow-band frequency- or phase-modulated 
radiotelephony; and FM means frequency 
modulation, 'phone (including NBFM) or 
telegraphy. 
The future of the prewar amateur band at 

1.75i Mc. has not been finally determined, it 
depending principally on the disposition of 
the navigational service now operating there. 
The 1947 International Radio Conference has 
resulted in certain changes in present bands 
ex,Pected to become effective late in 1949. They 
are: a reduction in the 20-meter band to make 
it thenceforth 14,000-14,350 kc.; a new band 
21',000-21,450 kc.; and a shift in the 11-meter 
band to mike it 26,960-27,230 kc. Additional 
changes, probably effective earlier than 1949, 

3.500- 4.000 — 
3.850- 4.000 — 
3.850- 3.900 — 
7.000- 7.300 — 
14.000-14.400 — 
14. 200-14.300 — 
14 . 200-14 . 250 — 
27.160-27.430 — 
28 . 000-29 . 700 — 
28. 500-29.700 — 
28.500-29.000 — 
29. 000-29.700 — 
50. 0 -54.0 — 
51 . 0 -52.5 — 
52.5 -54.0 — 

144 -148 — 
235 -240 — 
420* -450* — 
1,215 - 1,295 
2,300 - 2,450 
3.300 - 3,500 
5 650 - 5,925 
10,000 -10,500 
21,000 -22,000 
All above 30.000 

* Peak antenna power 

Al 
A3. Class A only 
NBFM, Class A only 
Al 
A 1 
A3, Class A only 
NBFM, Class A only 
AS. Al, A2, A3, A4, FM 
Al 
A3 
NBFM 
FM 
Al. A2, AS, A4 
NBFM 
FM 
AS, Al, A2, A3, A4, FM 
AS, Al, A2, A3, A4, FM 
AS, Al, A2, A3, A4, A5. FM 

AS, Al, A2, A3, A4, A5, FM, 
Pulse 

must not exceed 50 watts. 

will shift the 114-meter band to its permanent. 
location 220-225 Mc., and expand the 1215-
Mc. band so that its top limit will be 1300 Mc. 
Because of the possibility of such changes, 
and because the portion of each band available 
for 'phone operation is customarily varied 
from time to time in accordance with changes 
in amateur operational habits, in such respects 
each amateur should keep himself currently 
informed by consulting QS7' or writing AMU. 
for latest information. 



CHAPTER 2 

Electrical Laws 

and Circuits 
Everyone knows that radio is electrical in 

nature, and it is taken for granted that to know 
anything about the operation of radio equip-
ment you have first to know something about 
electricity and electrical circuits. The amount 
of electrical knowledge you need in amateur 
radio depends on how far you delve into ,the 
technicalities of the various types of trans-
mitters, receivers and measuring equipment 
that amateurs use. If you're just getting 
started you do not need very much, but as 
you progress ycli will find that you will ac-
quire, more or less unconsciously, a great deal 
of basic information. That is, you will if you 
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make a conscientious effort to understand and 
analyze the things that you observe in using 
radio gear. 
The purpose of this chapter is to provide 

the answers to many questions about circuits 
that will come up in the course of building and 
operating an amateur station. It is intended 
as a practical reference section rather than a 
course in " theory." You can study it con-
secutively if you wish, of course. How-
ever, it should be even more valuable to 
you in showing how everyday problems can 
be solved when the occasion to solve them 
arises. 

Fundamentals 

At the bottom of everything in electricity 
and radio is a field. Although a field is not too 
easy to visualize, we need to have some appre-
ciation of what it is if electrical effects are to be 
. understood. When something occurs at one 
point in space because something else hap-
pened 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." It does not matter whether or not 
the field is "real" — that is, whether it is some-
thing physical although, like air, invisible. The 
important point is that the distant effects are 
predictable, and it is convenient to attribute 
them to properties of 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, in-
tensity ( magnitude) and direction. That is, the 
field exerts a force on an object immersed in it; 
intensity measures the amount of force ex-
erted while direction tells the direction in 
which the object on which the force is exerted 
will tend to move. An electrically-charged ob-
ject in an electric field will be acted on by a 
force that will tend to move it in a direction de-
termined by tlw direction 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 in-
tensity and direction are not hard to grasp. 

A "static" field is one that is fixed in space. 
Such a field can be set up by a stationary elec-
tric charge (electrostatic field) or by a sta-
tionary 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 
magnetic field, and a changing magnetic field 
generates an electric field. This interrelation-
ship between magnetic and electric fields 
makes possible such things as the electromag-
net and the electric motor. It also makes 
possible the electromagnetic 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 magnetic fields. 

Lines of Force 

We need, obviously, some way to compare 
the intensity and direction of different fields. 
This is done by pict uring the field as made up 
of lines of force, or flux lines. These are purely 
imaginary threads that show, by the direc-
tion 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. 

17 
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• ELECTRICITY AND THE ELECTRIC 
CURRENT 

Eleetrical effects are caused by extremely 
small particles of electricity called electrons. 
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 still smaller par-
ticles - several different kinds of them. One 
type of particle is the electron. 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. Both the 
nucleus and the electrons are electrical, but 
the kind of electricity associated with the 
nucleus is called positive and that associated 
with the electrons is called negative. 
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 
(a collection of electrified particles is called a 
charge) of the same 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. The fact 
that an atom contains both positive and nega-
tive charges makes it tend to stay together as 
a unit; in a normal atom the positive charge 
on the nucleus is exactly balanced by the total 
of the negative charges on the electrons. It is 
possible, though, for an atom to lose one of its 
electrons; when that happens the atom has a 
little less negative charge than it should — 
or, to put it another way, 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 extra 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, in-
cluding the extra one that may be attached to 
a nearby negative ion. In this way it is con-
veniently possible for electrons to travel from 
atom to atom, and when such movement oc-
curs on a measurable scale (millions or billions 
of electrons moving) we have a detectable 
electric curr ent. 

Conductors and Insulators 

The movement of electrons can take place 
in a solid, a liquid, or a gas. In liquids and 
gases, positive and negative ions, as well, are 
free to move when attracted electrically, but 
in solids only the electrons move. However, 
movement of electrons or ions is not possible 
in all substances. Atoms of some materials, 
notably metals and acids, will give up an elec-
tron readily, but atoms of other materials will 
not part with any of their electrons even when 
the electric force is extremely strong. Mate-
rials 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 follow-
ing listing shows how some common materials 
divide between the conductor and insulator 
classifications: 

Conductors 
Metals 
Carbon 
Acids 

Insulators 
Dry Air 
Wood 
Porcelain 
Textiles 
Glass 
Rubber 
Resins 

Electromotive Force 

The electric force (called electromotive 
force, and abbreviated e.m.f.) that causes cur-
rent flow may be developed in several ways. 
The action of certain chemical solutions on 
dissimilar metals sets up an e.m.f.; such a 
combination 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 can be taken from a battery consequently 
is rather small. Where a large amount of en-
ergy is needed it is usually furnished by an 
electric generator, which develops its e.m.f. by 
a combination of magnetic and mechanical 
means. Large generators in power houses sup-
ply the energy that is distributed to homes and 
factories. 

In picturing current flow it is natural to 
think of a single, constant force causing the 
electrons to move. When this is so, the elec-

(A) 

(C) 

A 

Time 

A 

Tine —1,-

Fig. 2-1 — Three types of current flow. A — direct 
current; B — intermittent direct current; C — alternat-
ing current. 



ELECTRICAL LAWS AND CIRCUITS 19 
trons always, move in the same direction 
through a path or circuit made up of conduc-
tors connected together in a continuous chain. 
Such a current is called a direct current, ab-
breviated d.c. It is the type of current fur-
nished by batteries and by certain types of 
generators. However, it is also possible — and 
desirable as well — to have an e.m.f. that 
periodically reveses. With this kind of e.m.f. 
the current flows first in one direction through 
the circuit and then in the other. Such an 
e.m.f. is called an alternating e.m.f., and the 
current is called an alternating current (ab-
breviated a.c.). The reversals (alternations) 
may occur at any rate from a few per second 
up to several billion per second. Two reversals 
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. 

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, increasing toward the right away from 
the vertical axis. The vertical axis represents 
the amplitude or size of the current, increasing 
in either the up or down direction away from 
the horizontal 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 (indicated by the — sign). 
Fig. 2-1A shows that, if we close the circuit — 
that is, make the path for the current com-
plete — at the time indicated by X, the cur-
rent instantly takes the amplitude indicated 
by the height A. After that, the current con-
tinues at the same amplitude as time goes on. 
'I his is an ordinary direct current. 
In Fig. 2-1B, 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 YZ the current again 
begins to flow and the same sort of start-and-
stop performance is repeated. This is an inter-
mittent direct current. We could get it by alter-
nately closing and opening a switch in the 
circuit. It is a direct current because the direc-
tion of current flow does not change; the graph 
is always on the + side of the horizontal axis. 

In Fig. 2-1C the current starts at zero, in-
creases in amplitude as time goes on until it 
reaches the amplitude A1 while flowing in the 
+ direction, then decreases until it drops to 
zero amplitude once more. At that time (X) 
the direction of the current flow reverses; this 
is indicated 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 Ag. Then the amplitude decreases 
until finally it drops to zero ( Y) and the direct-

Fundamental 

0 

2nd Har monic 

0 

Resultant 

Fig. 2-2 — A complex waveform. A fundamental (top) 
and second harmonic (center) added together, point by 
point at each instant, result in the waveform shown at 
the bottom. When the two components have the same 
polarity at a selected instant, the resultant is the simple 
sum of the two. When they have opposite polarities, tie 
resultant is the difference if the negative-polarity com-
ponent is larger, the resultant is negative at that instant 

tion reverses once more. This is an alternating 
current. 

Waveforms 

The graph of the alternating current is what 
is known as a sine wave. Sine-wave alternating 
current is the simplest — but not the only — 
kind. Notice that the variations in amplitude 
are quite regular and that the "negative" 
half-cycle or alternation is exactly like the 
"positive" half-cycle except for the reversal of 
direction. The variations in many a.c. waves 
are not so smooth, nor is one half-cycle neces-
sarily just like the preceding one in shape. 
However, these more complex waves actually 
can be shown to be the sum of two or more sine 
waves of frequencies that are exact integral 
(whole-number) multiples of some lower fre-
quency. The lowest frequency is called the 
fundamental frequency, and the higher fre-
quencies (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. A little 
thought will show that simply by changing the 
relative amplitudes of the two waves, as well as 
the tiznes at which they pass through zero 
amplitude, an infinite number of waveshapes 
can be constructel from just a fundamental 
and second harmonic. Waves that are still 
more conlplex can be constructed if more than 
two harmonic.. are tied. 

Electrical Units 

The unit of electromotive force is called the 
volt. An ordinary flashlight cell generates an 
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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 
movement of many billions of electrons past a 
point in the circuit in one second. Currents in 
the neighborhood of an ampere are required 
for heating the filaments of small power tubes. 
The direct currents used in amateur radio 
equipment usually are not so large, and it is 
customary to measure such currents in milli-
amperes. One milliampere is equal to one one-
thousandth of an ampere, or 1000 milliamperes 
equals one ampere. 

In assigning a value to an alternating cur-
rent or voltage, it is necessary to take into ac-
count the difference between direct and alter-
nating currents. A "d.c. ampere" is a measure 
of a steady current, but the "a.c. ampere" must 
measure a current that is continually varying 
in amplitude and periodically reversing direc-
tion. 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 a sine-wave alternating current, 
this effective (or r.m.s.) value is equal to the 
maximum amplitude of the current (A1 or A 2 in 
Fig. 2-1C) multiplied by 0.707. The instanta-
neous value of an alternating current is the 
value that the current measures at any selected 
instant in the cycle. 

If all the instantaneous values in a sine-
wave alternating current are averaged over a 
half-cycle, the resulting figure is the average 
value of the alternating current. It is equal to 
0.636 times the maximum amplitude. The 
average value is useful in connection with 
rectifier systems, as described in a later 
chapter. 

These definitions of units apply to a.c. 
voltage as well as to current. 

• FREQUENCY AND 
WAVELENGTH 

Frequency Spectrum 

The electrical energy supplied for household 
use usually has a frequency of 60 cycles per 
second. Frequencies ranging from about 15 to 
15,000 cycles per second are called audio fre-
quencies, because the vibrations of air particles 
that our ears recognize as sounds occur at the 
same rate. Audio frequencies (abbreviated 
a.f.) are 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 frequencies the numbers become so large 
that it becomes convenient to use a larger unit 
than the cycle. Two such units in everyday use 
are the kilocycle, which is equal to 1000 cycle 
and is abbreviated kc., and the megacycle, 
which is equal to 1,000,000 cycles or 1,000 kilo-
cycles and is abbreviated Mc. The accompany-
ing table shows how to convert frequencies 
expressed in one unit into frequencies in 
another unit. 
The various radio frequencies are divided off 

into classifications for ready identification. 
These classifications, listed below, constitute 
the frequency spectrum so far as it extends for 
radio purposes at the present time. 

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. 

Classification Abbreviation 

Very-low frequencies 
Low frequencies 
Medium frequencies 
High frequencies 
very-high frequencies 
Ultrahigh frequencies 
Superhigh frequencies 

vif. 

m.f. 
h.f. 
v.h.f. 
u.h.f. 
s.h.f. 

Wavelength 

We said earlier that radio waves are travel-
ing fields of electric and magnetic force. These 
fields travel at great speed — so great that, so 
far as we can observe, " cause" and "effect" 
are simultaneous. Nevertheless, it does take 
a definite amount of time for the effect of a 
field set up at one point to be felt at a point 
some distance away. 

Radio waves travel at the same speed as 
light — 300,000,000 meters or about 186,000 
miles a second. They are always 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 varying magnetic field in turn sets up 
a varying electric field. And whenever this 
happens, the two fields move outward at the 
speed of light. 

Suppose our r.f. current has a frequency of 
3,000,000 cycles per second. The fields, then, 
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. (The meter is ihe unit of length com-
monly used in all sciences. We could use miles, 
feet, or inches, though, if those units were more 
convenient.) By the time the wave has moved 
that distance 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 "length" of the wave, or 
wavelength. 
The longer the time of one cycle — that is, 

the lower the frequency — the greater the dis-
tance occupied by each wave and hence the 
longer the wavelength. The relationship be-
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tween wavelength and frequency is shown by 
the formula 

— 300,000 
X  

where X = Wavelength in meters 
f = Frequency in kilocycles 

300 
or X - 

where X = Wavelength in meters 
f = Frequency in megacycles 

Example: The wavelength corresponding to a 
frequency of 3650 kilocycles is 

300,000 
X =i  00,000 = 82.2 meters 

3650 

Most of our dealings are with frequency, if 
for no other reason than that it can be meas-
ured much more accurately than wavelength. 
However, we cannot ignore wavelength; it 
enters into the calculatian of the size of 
"linear" circuits such as antennas. 

Resistance 

The ease with which we can force an electric 
current through a conductor varies with the 
material, shape and dimensions of the conduc-
tor. 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 to the conductor will be found to vary 
with what is called the resistance of the mate-
rial. The lower the resistance, 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 am-
pere 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 conductors is copper, which is why 
this metal is so widely used in electrical cir-
cuits. It is frequently convenient, in making 
resistance calculations, to compare the re-
sistance 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 
resistivity of the material to that of copper. 
The longer the path through which the cur-

rent flows the higher the resistance of that con-
ductor. For direct current and low-frequency 
alternating currents (up to a few 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 hav-
ing the same length, but differing in cross-
sectional area, the one with the larger area will 
have the lower resistance. 

Resistance of Wires 

It is readily possible to combine all these 
statements about resistance in a single formula 
that would enable us to calculate the resistance 
of conductors of any size, shape and material. 
However, in most practical cases the problem 
will be to determine 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. 
Such problems can be easily solved with the 
help of the information in the copper-wire table 
in Chapter Twenty-Four. This table gives the 
resistance, in ohms per thousand 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 Chapter 24 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 R = 0.05 ohm 
1000 

where It is the maximum allowable resistance in 
ohms per thousand feet. Rearranging the for-
znula gives 

0.05 X 1000 
R — = 3.57 ohms/1000 ft. 

14 

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

When the wire is not copper, the resistance 
values given in the wire table in Chapter 
Twenty-Four should be multiplied by the ratios 
given in Table 2-I 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 
X 1000 = 9.35 foot. 

66.17 X 5.65 

Temperature Effects 

The resistance of a conductor changes with 
its temperature. Although it is seldom neces-
sary to consider temperature in making the 

TABLE 2-1 

Relative Resistivity of Metals 

it 
Material Compared to Copper 

Aluminum (pure)  1.70 
Brass  3.57 
Cadmium  5.26 
Chromium  1.82 
Copper (hard-drawn)  1. 12 
Copper (annealed)  1.00 
Iron (pure)  5.65 
Lead  14.3 
Nickel 6  25 to 8.33 
Phosphor Bronze   2.78 
Silver  0.94 
Tin  7.70 
Zinc  3.54 
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resistance calculations required in amateur 
work, it is well to know that the resistance of 
practically all metallic conductors increases 
with increasing temperature. Carbon, however, 
acts in the opposite way; its resistance de-
creases 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 temperature range are used in that case. 

Resistors 

Resistance has important uses in electrical 
and radio circuits. 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 con-
struction. The flow of current through re-
sistance causes the conductor to become 
heated; the higher the resistance and the larger 
the current, the greater the amount of heat 
developed. Consequently, high-resistance re-
sistors 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 its heat quickly it 
might reach a temperature that would cause it 
to melt or burn. Types of resistors used in 
radio circuits are shown in the photograph. 

Conductance 

The reciprocal of resistance (that is, 1/R) is 
called conductance. It is usually represented 
by the symbol G, and the higher its value the 
greater the conductivity of the circuit. A cir-
cuit having large conductance has low resist-
ance, and vice versa. In radio work the term is 
used chiefly in connection with vacuum-tube 
characteristics. The unit of conductance is the 
mho. A resistance of one ohm has a conduct-
ance of one mho, a resistance of 1000 ohms has 
a conductance of 0.001 mho, and so on. A unit 
frequently used in connection with vacuum 
tubes is the micromho, or one-millionth of a 
mho. It is the conductance of a resistance of 
one megohm. 

Fig. 2-3 — A simple cir-
cuit consisting of a bat-
tery and resistor. 

Ban 

• OHM'S LAW 

The simplest form of electric circuit is a bat-
tery with a resistance connected to its ter-
minals, as shown by the symbols in Fig. 2-3. A 
complete circuit must have an unbroken path 
so current 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 removed at any point. A 
switch is a device for making and breaking 
connections and thereby closing or opening the 
circuit, either allowing current to flow or pre-
venting it from flowing. 
The values of current, voltage and resistance 

in a circuit 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 proportional to the applied e.m.f. and 
inversely proportional to the resistance. Ex-
pressed as an equation, it is 

E (volts) 
I (amperes) — 

R (ohms) 

The equation above gives the value of cur-
rent when the voltage and resistance are 
known. It may be transposed so that any 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 

E 
R = — 

I 

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

All three forms of the equation are used al-
most constantly in radio work. It must be 

Types of resistors used in radio equip-
ment. Those in the foreground with 
wire leads are carbon types, ranging 
in size from 3/2' watt at the left to 2 
watts at the right. The larger resistors 
use resistance wire wound on ceramic 
tubes; sizes shown range from 5 watt. 
to 100 watts. Three are the adjustable 
type, using a sliding contact on an 
exposed section of the resistance 
winding. 

• 
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remembered that the quantities are in volts, 
‘,10 ms and amperes; other units cannot be used 
in the equations without first being converted. 
For example, if the current is in milliamperes 
it must be changed to the equivalent fraction 
of an ampere before the value can be sub-
stituted in the eqwitions. 

Table 2-II shows how to convert between 
the various units in common use. The prefixes 
attached 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 milliamperes. What is the voltage? 
Since the voltage is to he found, the equation to 
use is E = IR. The current must first be con- • 
verte 1 from milliamperes to amperes, and refer-
ence to the table shows that to do so it is neces-
sary to divide by 1090. Therefore, 

150 
E = -- 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 cave R is the 
unknown, so 

• 

E  R = — —150 = 60 ohms 
/ 2.5 

No conversion was necessary because the volt-
age and current were given in volts an 1 amperes. 
How much current will flow if 250 volts is ap-

plied to a 5000-ohm resistor? Since I is unknown, 
E 259 

I = — = — = 0.05 ampere 
R 5000 

Milliampere units would be more convenient for 
the current, and 0.05 amp. X 1000 50 mil-
liamperes. 

SERIES AND PARALLEL 
RESISTANCES 

Very few actual electric circuits are as sim-
ple as the illustration in the preceding section. 
Commonly, resistances are found connected 
in a 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 resistance, RI, then through the 
second, R2, and then back to the source. These 
resistors are connected 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 flow-
ing 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. 

TABLE 
Conversion Values for Fractional and 

• Multiple Units 

To change from To Divide by Multiply by 

Units Miro-units 
Milli-units 
Kilo-units 
Mega-units 

liero-finits Milli-units 
Units 

Mini-units Micro-units 
Units 

1000 
1,000,000 

1000 
1,000,000 

1,000.000 
1000 

1000 

Kilo-units Units 
Mega-units 1000 

1000 

1000 

Mega-units Units 
M ill-units 

1,000,000 
11On 

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) -= Rt -I- 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, 
R2 is 20,000 ohms, and R3 is 8000 ohms. The 
total resistance is then 

R = Ri + R2 + R3 -= 5000 + 20,000 + 8000 
= 33,000 ohms 

The current flowing in the circuit is then 

E 250  
= 0.00757 amp. = 7.57 ma. 

R 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 

Fig. 2-4 — Resis-
tors connected in 
series and iii par-
allel. 

for. 

Source of 

PARALLEL 
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among them. The voltage appearink across 
each resistor can be found from Ohm's Law. 

Example: If the voltage across Ri ( Fig. 2-5) 
is called Et, that across R2 is called £2, and that 
across R3 is called Es, then 

Ei = /Ri = 0.00757 x 5000 = 37.9 volts 
E2 1E2 = 0.00757 x 20,000 151.4 volts 
E3 = I R3 = 0.00757 X 8000 = 60.6 volts 

The total voltage must equal the sum of the in-
dividual voltage drops: 

E = Ei + Es E3 = 37.9 + 151.4 + 60.6 
= 249.9 volts 

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

In a simple series circuit like that in Fig:2-5, 
the voltage drop across each resistance cab be 
calculated very simply, if only the drop and not 
the current is wanted. The drop across each re-
sistor is proportional to the ratio of the indi-
vidual resistance to the total resistance. Thus 

Ei - Ri  + X  R2 + R3 250 

5000  5000 
X 250 

5000 + 20,000 + 8000 33,000 
ss 37.8 volts 

El 20,000 
33,000 

8000  
Ea - 

33,01X1 

:E.asov. 20,000 

Ra 

X 250 = 151.5 volts 

X 250 = 60.5 volts 

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

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

Example: Since 5000 ohms = S kilohms, 
20,000 ohms = 20 kilobit's, and 8000 ohms 
= 8 kilolims. the equations above become 

E 250 
I = = -.= 7.57 ma. 

R 33 

= I -= 7.57 X 5 = 37.9 volts 
E2 IR2 = 7.57 X 20 = 151.4 volts 
E3 IR3 = 7.57 X 8 = 60.6 volts 

Resistors in Parallel 

In a eirt.uil o it h resiMatt ,, it parallel, the 
total resistance is less than I hat of the lowest 
value of resistance present. This is because the 
total current is always greater than the cur-
rent in any individual resistor. The formula 
for finding the total resistance of resistances in 
parallel is 

R 
1 , I I 
lit"- R-2 

1 

.3 . D 4 

Fig. 2.6 - An example of resistors in parallel. The solu-
tion is us orked out in the text. 

where the dots again indicate that any num-
ber of resistors can be combined by the same 
method. For only two resistances in parallel 
(a very common ease) the formula is 

RiR2 
R - 

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

R RiRs 500 X 1200 600,000 = 
El + Es 500 1200 1700 

= 353 ohms 

It is probably easier to solve practical prob-
lems by a different method than the " recipro-
cal of reciprocals" formula. Suppose the three 
resistors of the previous example are con-
nected in parallel as shown in Fig. 2-6. The 
same e.m.f., 250 volts, is applied to all three of 
the resistors. The current in each can be found 
from Ohm's Law as shown below, Il being the 
current through R1, 12 the current through R2 
and /3 the current through R3. 

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

E 250 
Ii = - = - = au ma. 

Ri 

E 250 
I2 = - = - = 

R2 20 

E 250 
/3 = - = - = 31.25 ma. 

R3 8 

The total current is 

I = Ii + 12 + = 50 + 12.5 + 31.25 
= 93.75 ma. 

The total resistance of the circuit is therefore 

E 250 
R =- = 2.66 ki/Ohms (= 2660 ohms) 

/ 93.75 

Resistors in Series-Parallel 

An actual circuit may have resistances both 
in parallel and in series. To illustrate, we use 
the same tente resistances again, but now con-
nected as in Fig. 2-7. The method of solving 
such a circuit is as follows: Consider R2 and R3 
in parallel as though they formed a single resis-
tor. Find their equivalent resistance. Then 
this resistance in series with R1 forms a simple 

R. R. 
3000 

1. E. 230V. 

Req. 

(Equivalent R 
of R2 and R3 
in parallel) 

EQUIVALENT CIRCUIT 
Fig. 2-7 - An example of resistors in series-parallel. The 
solution is norked out in the text. 
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serie. . a shown at thu right in fig, '2-7. 

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

R2R3 20 X 8 160 
— 
R2 + R3 20+8 28 

= 5.71 kilohms 

The total resistance in the circuit is then 

R = Ri -4- Rs,. = 5 + 5.71 kilohms 
= 10.71 kilohma 

The current is 
E 250 

I = = = 23.4 ma. 
R 10.71 

The voltage drops across Ri and R.5. are 

El = /RI = 23.4 X 5 s. 117 volts 
E2 IR55.= 23.4 X 5.71 = 133 volts 

with sufficient accuracy. These total 250 volts, 
thus checking the calculations so far, because 
the sum of the voltage drops must equal the 
total voltage. Since E2 appears across both R2 
and R3, 

E2 133 „ 
12 = — = — = 0.75 ma. 

R2 20 

E2 133 
/a = — = — = 16.6 ma. 

R3 8 

where /2 -= Current elrough R2 
/a s. Current through Rs - 

The total is 23.35 ma., which checks sufficiently 
close with 23.4 ma., the carrent through the 
whole circuit. 

There is a general rule for handling such 
complex circuits: Reduce the various resistances 
in parallel or series in parts of the circuit to 
equivalent resistances that then can be handled 
as single resistances in a simpler circuit. 
Eventually this process will lead to a simple 
series or parallel circuit from which the cur-
rent and voltage drops can be calculated. Once 
these are known, Ohm's Law can be applied to 
each part of the circuit to determine currents 
and voltage drops in individual resistances. 

• POWER AND ENERGY 

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 = El 
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 I, the following formulas are obtained 
for power: 

E2 

Thus, I orniulas a! e 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 41)00-ohm resistor if the voltage applied to 
it is 400 volts? From the equation 

E2 (200)2 40 000 ,„ 
P---=----- = — ss. 1U Watt.% 

R 4000 4000 

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

P I2R = (0.02)2 X 300 = 0.0004 X 300 
s. 0.12 watt 

Note that the current was change 1 from mil-
liamperes to amperes before substitution in the 
formula. 

Electdcal power in a resistance is turned 
into heat. The greater the power the mare 
rapidly the heat is generated. We said earlier« 
that if a resistor is to handle considerable power 
it must be large in size and must be constructed 
in such a way that the heat will be carried off 
rapidly by the surrounding air. This prevents 
the temperature of the resistor from rising to 
a dangerpus point. Resistors for radio work are 
made in many sizes, the smallest being rated 
to " dissipate" (or carry safely) about watt. 
The largest resistors used in amateur equip-
ment will dissipate about 100 watts. 
However, 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 trans-
mitter ii largely converted into radio waves. 
Power applied to a loudspeaker is changed into 
sound waves. Nevertheless, every electrical 
device has some resistance, so a part of the 
power supplied to it is dissipated in that re-
sistance 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 usef el power output (in its converted 
form) divided by the power input to the de-
vice. In a vacuum-tube transmitter, for exam-
ple, 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. = 

where Eff. = Efficiency (as a decimal) 
P. = Power output (watts) 
PI = 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 

60 
Eff. = P—.  — = 0.6 

Pi 100 

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 bove example is 60 per cent. 
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If a resistor is used purely for generating 
heat — as in an electric heater or cooker — its 
efficiency is practically 100 per cent, because 
all of the power input is converted into the 
desired form of power output. However, gen-
erating heat is usually not the desired end 
when resistors are used in radio equipment. 
'Ile power losses in them are tolerated because 
very often a resistor performs a function that 
could not be conveniently or economically 
performed by any other device. 

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 W = 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, the number of clec-
trans in each plate will just balance the num-
ber of atomic nuclei and there will be no electric 
•charge. 
Now suppose that the plates are connected 

to a battery through a switch, as shown. At the 
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. (That this must be so should be 
fairly obvious. The plates are conductors, and 
when they are connected to the battery, the 
bat tery voltage must appear between them.) 

Metal Plates 

Fig. 2-8 — A 
simple con-
denser. 

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. They remain charged be-
cause with the switch open there is nowhere 
for the electrons to go. However, if a wire is 
t',uched between the two plates (short-circuit-
ing them) the excess electrons on the bot-
tom plate will flow through the wire to the 
upper plate, thus restoring electrical neutrality 
to both plates. The plates have then been 
discharged. 

The two plates constitute an electrical 
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 between the condenser 
plates. However, the current flows only during 
the time of charge and discharge, and this time 
is usually very short. There can be no con-
tinuous flow of direct current through a con-
denser. 
The charge or quantity of electricity that 

can be placed on a condenser when a given 
voltage is applied depends on its capacitance 
or capacity. The larger the plate area and the 
smaller the spacing between the plates the 

TABLE 2- III 

Dielectric Constants and 

Material Dielectric Puncture 

Air 
Alsimag A196 
Bakelite (paper-base) 
Bakelite (mica-filled) 
Celluloid 
Cellulose acetate 
Fiber 
Formica 
Glass (window) 
Glass (photographic) 
Glass (Pyrex) 
Lucite 
Mica 
Mica (clear India) 
Mycalex 
Paper 
Polyethylene 
Polystyrene 
Porcelain 
Rubber (hard) 
Steatite (low-loss) 
Wood (dry oak) 2.5-6.8 
*In volts per mil (0.001 inch). 

Breakdown Voltages 

Condant Voltage 

1.0 19.8-22.8 
5.7 240 

3.8-5.5 650-750 
5-6 475-600 
4-16 
6-8 
5-7.5 

4.6-4.9 
7.6-8 

7.5 
4.2-4.9 335 
2.5-3 480-500 
2.5-8 
6.4-7.5 

7.4 
2.0-2.6 
2.3-2.4 
2.4-2.9 
6.2-7.5 

2-3.5 
4.4 

300-1000 
150-180 
450 

200-250 

600-1500 
250 
1250 
1000 

500-2500 
40-100 
450 

150-315 
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Fig. 2.9 — A multiple-plate condenser. Alternate plates 
are connected together. 

greater the capacitance. The capacitance also 
depends upon the kind of insulating material 
between the plates; it is smallest with air in-
sulation, 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 jnaterial 
other than air between the plates, to the 
capacitance of the same condenser with air 
insulation, is called the specific inductive 
capacity or dielectric constant of that particu-
lar insulating material. The material itself is 
called a dielectric. The dielectric constants of 
a number of materials commonly used as 
dielectrics in condensers are given in Table 
2-III. If a sheet of photographic glass is sub-
stituted for air between the plates of a con-
denser, 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 /dd.) or micromicro-
farads (ggfd.). The microfarad is one-millionth 
of a farad, and the micromicrofarad is cne-mil-
lionth of a microfarad. Condensers nearly 
always have more than two plates, the alter-
nate 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 to a two-plate con-
denser, since several plates of smaller individ-
ual 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 

• 

Fixed and variable condensers. The 
bottom row includes, left to right, a 
high-voltage mica fixed condenser, a 
tubular electrolytic, tubular paper, 
two sizes of "postage-stamp" micas, 
a small ceramic type (temperature 
compensating), an adjustable con-
denser with ceramic insulation (for 
neutralizing in transmitters), a "but-
ton" ceramic condenser, and an ad-
justable "padding" condenser. Four 
sizes of variable condensers are 
shown in the second row. The two-
plate condenser with the micrometer 
adjustment is used in transmitters. 
The condenser enclosed in the metal 
case is a high-voltage paper type used 
in power-supply filters. 

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: 

where 
K =-

A = 

d 

n 

KA 
C = 0.224 (n — 1) 

d 

Capacitance in ¡dd. 
Dielectric constant of material be-
tween plates 
Area of one side of one plate in 
square inches 
Separation of plate surfaces in 
inches 
Number of plates 

If the plates in one group do not have the same 
area as the plates in the other, use the Luca of 
the smaller plates. 

Example: A " variable" condenser has 7 semi-
circular plates on its rotor, the diameter of the 
semicircle being 2 inches. The ctator has 6 rec-
tangular plates, with a semicircular cut-out to 
clear the rotor shaft, but cthervnse large enough 
to face the entire area cf a rctor plate. The diam-
eter of the cut-out is M inch. The distance be-
tween the adjacent surfaces of rotor and stator 
plates is 3 inch. The dielectric is air. What 
the capacitance of the condenser with the platei 
fully meshed? 

In thic case, the " effective" area is the area 
of the rotor plate minus the area of the cut-out 
in the stator plate. The area of either semicircle 
is rr2/2, where r is the radius. The area of the 
rotor pkte is r/2, or L57 square inches (the 
radius ic 1 inch). The area of the cut-out is 

T/32 = 0.10 square inch, approxi-
mately. Ile " effect ve" area is therefore 1.57 — 
0.10 = 1.47 square inches. The capacitance is 
therefora 

K 4 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 µdd. 

(The answer is only approximate, because of the 
difficulty of accurate measurement, plus a 
"fringing" effect 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 
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with electricity at one time and then dis-
charged 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 " elec-
trical reservoir." 

Condensers in Radio 

The types of condensers used in radio work 
differ considerably in physical size, construc-
tion, and capacitance. Some representative 
types are shown in the photograph.' In " vari-
able" 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 are con-
structed 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 and paper. 
An example of a liquid dielectric is mineral oil, 
but it is seldom used by itself in present-day 
condensers. The " electrolytic" condenser uses 
aluminum-foil plates with a semiliquid con-
ducting chemical compound between them; the 
actual dielectric is a very thin film of insulating 
material that " forms" on one set of plates 
thrpugh electrochemical action when a d.c. 
voltage is applied to the condenser. The ca-
pacitance obtained with a given plate area in 
an electrolytic condenser is very large, com-
pared 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 the 
table. It is not directly proportional to the 
t hickness; 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 theft between 
rounded and polished surfaces; consequently, 
the breakdown voltage between metal plates of 
given spacing in air can be increased 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 tine 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-capacitance condensers are phys-
ically large. The breakdown voltage of paper-
dielectric condensers can be increased by 
saturating the paper with a special insulating 
oil and by immersing the condenser in oil. 
Electrolytic condensers can stand 400 to 500 
volts before the dielectric film breaks down. 

• CONDENSERS IN SERIES AND 
PARALLEL 

The ternis -parallel" and " series" when 
used with reference to condensers have the 
same circuit meaning as with resistances. When 

o  

Source of 

o • 

C 1  C2I ,31 
T T T 
PARALLEL 

Source of 
EMI 

SERIES 

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

4.0 

a number of condensers are connected in paral-
lel, 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, 
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 parallel, 
connected resistors. That is, 

C (total) — 
1 1 1 1 
+ + + 

3 4 

1 

and, for only two condensers in series, 

CI C2  
C (total) — 

CI + C2 

The same units must be used throughout; 
that is, all capacitances must be expressed in 
either 'it'd. or etdd.; 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 
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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 capaci-
tances of 1, 2 and 4 ;dd., respectively, are con-
nected in series as shown in Fig. 2-11. The total 
capacitance is 

1 1 1 4 
C SC .1 

1 1 1 1 1 1 7 7 
— — - - - - 
CI C2 Cs 1 2 4 4 

= 0.571 ¡dd. 

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

0.571 
= — X 2000 = 1142 volta 

Similarly, the voltages across C2 and Cs are 
0.571 

E2 = — X 2000 = 571 volts 
2 

0.571 
E3 = — X 2000 =- 286 volts 

4 

totaling approximately 2000 volts, the applied 
voltage. 

&woo volts 

t 
E, C, 

-1 

E 2 C2 2y fd. 

£3 C 4pfd. 

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

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 con-
denser is rated to stand. One very common ap-
plication of this arrangement is in the filter 
circuits of high-voltage power supplies. How-
ever, as shown by the previous example, the 
applied voltage does not divide equally among 
the condensers (except when all the capaci-
tances are the same) so care must be taken to 
see that the voltage rating of no condenser in 
the group is exceeded. It does no good, for 
example, to connect a condenser in series with 
another if the capacitance of the second is 
many times as great as the first; nearly all of 
the voltage still will appear across the con-
denser having the smaller capacitance. 

Inductance 

It is possible to show that the flow of cur-
rent through a conductor is accompanied by 
magnetic effects; a compass needle brought 
near the conductor, for example, will be de-
flected from its normal north-south position. 
The stronger the current, the more pronounoed 
is the magnetic effect. 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 re-
lationship between the strength of the field 
and the intensity of the current causing it is ex-
pressed 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 de-
pends upon the inductance, the induced voltage 
(for a given current intensity and rate of varia-
tion) is proportional to the inductance of the 
conductor or coil. 
The fact that an e.m.f. is " induced" ac-

counts for the name "inductance" — or 
"self-inductance" as it is sometimes called. 
The induced 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 same 
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 ac-
complishes this by storing energy in its mag-
netic field when the current in the circuit is 
being increased, and by :releasing the stored 
energy when the current is being decreased. 
The effect is the same as the mechanical inertia 
that prevents an automobile from instantly 
coming up to speed when the accelerator pedal 
is pressed, and that prevents it from coming te 



30 CHAPTER 2 
an instant stop when the brakes are applied. 
The values of inductance used in radio 

equipment vary over a wide range. Inductance 
of several henrys is required in power-supply 
circuits (see chapter on Power Supply) 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 frequencies, 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 amateurs 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 
calculated from the formula 

0.2 a2n2  
L (ph.) — 

3a + 9b + 10c 

where L = Inductance in microhenrys 
a = Average diameter of coil in inches 
= 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 c 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 (Chapter 24), 35 
turns of No. 30 d.s.c. will occupy 0.5 inch. There-
fore, a = 1.5, b = 0.5, n = 35, and 

0.2 X ( 1.5)2 X (35)2  L - - 61.25 ah. 
(3 X 14) A- (9 X 0.5) 

To cal.culate the number of turns of a single-
layer coil for a required value of inductance: 

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

N 
/3a + 9h 

= X L 
0. 2a2 

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,.¡ 
inches. Then a = I, b = 1.25, and L = 10. 
Substituting, 

N  = \ /(3 X I) -I- (9 X 1.25) 
X 10 

0.2 X 12 

= ,\ i14.25 . 
X 10 = 1/712.5 

0.2 

= 26.6 turns. 

A 27-turn coil would be close enough to the re-
quired value of inductance, in practical work. 
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 fre-
quencies the inductance of the same wire could 
be left out of any calculations because the in-
duced voltage would be negligibly small. 

• 

Inductance coils for power and radio 
frequencies. The 15511 iron-core coils 
at the upper left are "chokes" for 
power-supply filters. The three "pie"-
wound coils at the lower right are 
used as chokes in radio-frequency 
circuits. The other coils are for ri. 
tuned circuits ranging in power from 
25 watts to a kilomatt. 

• 
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• IRON-CORE COILS 
We mentioned earlier that the inductance 

of a coil wound on an iron core is much greater 
than the inductance of the same coil wound on 
a nonmagnetic core. As a crude analogy, iron 
has a much lower " resistance" to the magnetic 
force than nonferrous materials, just as metals 
have much lower resistance to the flow of 
electric current than nonmetallic substances. 

Permeability 

For example, 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 cer-
tain 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 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 an I 
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 is 

not constant, unfortunately, but 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 flu*. 
For example, if there are 2000 lines per square 
inch at a given current, doubling the current 
will increase the flux density to 4000 lines per 
square inch. But this cannot be carried on 
indefinitely; at some value of flux density, de-
pending upon the kind of iron, it will be found 
that doubling the current only increases the 
flux density by, say, 10 per cent. At very high 
flux densities, increasing the current may 
cause no appreciable change in the flux at all. 
When this is so, the iron is said to be satur-
ated. "Saturation" causes a rapid decrease 
in permeability, because it decreases the ratio 
of flux lines to those obtainable with the same 
current and an air core. Obviously, the in-
ductance of an iron-core coil is highly depend-
ent upon the current flowing in the coil. In an 
air-core 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 
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even though the gap is only a small fraction 

of an inch — compared with that of the iron 
that the gap, rather than the iron, controls 
the flux density. This naturally reduces the 
inductance compared to what it would be 
without the air gap — but only for small cur-
rents. It actually results in a higher inductance 
when the current is large; furthermore, the 
inductance is practically constant regardless 
of the value of the current. Further informa-
tion on the construction of such inductance 
eoils will be found in the chapter on Power 
Supply. 

• Eddy Currents and Hysteresis 

When alternating current flaws through a 
coil wound on an iron core the magnetic flux in 
the core goes through variations in intensity 
and direction that correspond to the variations 
in the alternating current. Variations in a 
magnetic field cause an e.m.f. to be induced, as 
previously explained, and since iron is a con-
ductor a current will flow in the core. Such cur-
rents (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 con-
tinually to supply energy to the iron to over-
come 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 of 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 frequen-
cies. 

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 satisfae-

Airyap 

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. 
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torily even through the v.h.f. range -- that is, 
at frequencies up to perhaps 100 Mc. Because 
a large part of the magnetic path is through a 
nonmagnetic material, the permeability of the 
iron is low compared to 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 construction, the major portion of the 
magnetic path for the flux is in the air sur-
rounding 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 considerable range. 

e INDUCTANCES IN SERIES AND 
PARALLEL 

When two or more inductance coils (or 
inductors, as they are frequently called) are 
connected in series (Fig. 2-14, left) the total in-
ductance 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, 

Ltotai = L1 L2 + L3 ± L4 +   

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

1 
Li — 

and for two inductances in parallel, 

Li L2 
L — 

Li ± L2 

Thus the rules for combining inductances in 
series and parallel are the same 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. 

L, 
Fig. 2-14 — inclue-

3 tances in series and 
parallel. 

In calculating the total inductance of a com-
bination of iron-core coils to be used in a d.c. 
circuit, it must be remembered that the in-
ductance of each coil may change with the 
amount of current that flows through it. With 
air-core coils there is no such change. 

Although there is frequent occasion to com-
bine resistances or capacitances in series or 
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parallel in amateur work, there is relatively 
little necessity for such combinations of in-
ductances — or rather, the cases that do arise 
in practice seldom require calculations. 

• MUTUAL INDUCTANCE 
If two coils are arranged 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 

/ / 
IIl 

( 
I I Induced 
• p,,,1/ 

Fig. 2-15 — Mutual inductance. When the switch, S, 
is closed current flows through coil No. 1, setting up a 
magnetic field that induces an e.m.f. in the turns of coil 
No. 2. 

results from the mutual inductance between 
the two coils. 

Mutual inductance may be large or small, 
depending upon the self-inductances of the 
coils and the proportion of the flux set up by 
one coil that cuts the turns of the other coil. 
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 of the flux set up by one coil cuts 
the turns of the other the mutual inductance is 
relatively small. Two coils having mutual in-
ductance are said to be coupled. 
The ratio of actual mutual inductance to the 

maximum possible value that could be ob-
tained with two given coils is called the 
coefficient of coupling between the coils. Coils 
that have nearly the maximum possible mu-
tual inductance are said to be closely, or 
tightly, coupled, but if the mutual inductance 
is relatively small the coils are said to be 
loosely coupled. The degree of coupling de-
pends 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, as shown in Fig. 
2-15, and are as close together as possible. 
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-
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piing is 1. This value is closely approached 
only when the two coils are wound on a closed 
iron core. The coefficient 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. 

If two coils having mutual inductance are 
connected to the same source of cu,rrent, the 
magnetic field of one coil can either aid or 
oppose the field of the other. In the former case 

the mutual inductance is said to be " positive"; 
in the latter case, " negative." Positive mutual 
inductance means that the total inductance is 
greater than the sum of the two individual in-
ductances. Negative mutual inductance means 
that the total inductance is less than the sum 
of the two individual inductances. The mutual 
inductance may be made either positive or 
negative simply by reversing the connections 
to one of the coils. 

Time Constant 

Both inductance and capacitance pss 
the property of storing energy — inductance 
stores magnetic energy and capacitance stores 
electrical energy. In the case of inductance, 
electrical energy is converted into magnetic 
energy when the current through the induc-
tance is increasing, and the magnetic energy is 
converted back into electrical energy (and 
thereby restored to the circuit) when the cur-
rent is decreasing. It is this alternate storing 
and releasing of energy that makes inductance 
oppose a change in the current through it. The 
self-induced e.m.f. is the means by which 
energy is put into and taken out of the mag-
netic field. 

In the case of capacitance, energy is stored 
in the condenser (actually in the electric field 
between the plates) whenever the voltage ap-
plied to the condenser is increasing, and re-
stored to the circuit when the applied voltage 
is decreasing. That is, current flows into the 
condenser in the first case, and out of the con-
denser in the second. 

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 connected in series. Suppose for the mo-
ment that R has zero resistance — in other 
words, is short-circuited — and also that there 
is no other resistance in the circuit. If S is now 
closed, condenser C will charge instantly to the 
battery voltage; that is, the electrons that con-
stitute the charge redistribute themselves in a 
time interval so small that it can be considered 
to be zero. As soon as the condenser is fully 
charged the current flow stops completely. But 
since the condenser became fully charged in 
zero time, the current during the instantaneous 
charge must have been very large; mathemati-
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Fig. 2-16 — Schematics illustrating the time constant of 
an RC circuit. 

cally, it would be infinitely large if the time 
actually was zero — this regardless of the 
actual number of electrons that moved. At 
the instant of closing the switch, therefore, the 
condenser can be considered to have a " re-
sistance" of zero, a resistance that becomes an 
open circuit the instant the charge is com-
plete. 

If a finite value of resistance, R, is put into 
the circuit the condenser no longer can be 
charged instantaneously. If the condenser is 
initially uncharged, it will have zero " resist-
ance" at the instant S is closed, but now the 
amount of current that can flow is limited by 
R. The infinitely-large current required to 
charge the condenser in zero time cannot flow 
through R, because even with C considered as 
a short-circuit the current in the circuit as a 
whole will be determined by Ohm's Law. If the 
battery e.m.f. is 100 volts, for example, and R 
is 10 ohms, the maximum current that can 
flow with C short-circuited is 10 amperes. Even 
this much current can flow only at the very 
instant the switch is closed. As soon as any 
current flows, condenser C begins to acquire a 
charge, which means that the voltage across 
the condenser plates rises. Since the upper 
plate (in Fig. 2-16A) will be positive and the 
lower negative, the voltage on the condenser 
tends to send a current through the circuit in 
the opposite direction to the current from the 
battery. The voltage on the condenser, in other 
words, opposes the battery voltage. Immedi-
ately after the switch is closed, therefore, the 
current drops below its initial Ohm's Law 
value, and as the condenser continues to 
acquire charge and its potential rises, the cur-
rent 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. More time is taken if either of these 
quantities is made larger. Theoretically, the 
charging process is never really finished, but 
practically the current eventually 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 
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Fig. 2.17 — How the voltage across a condenser r'ses, 
with time, when a condenser is charged through a re-
sistor. The lower curve shows the way in which the 
voltage decreases across the condenser terminals on 
discharging through the same resistor. 

across the condenser rises logarithmically, as 
shown by Fig. 2-17. 

The formula for time constant is 

T = CR 

where T = Time constant in seconds 
C = Capacitance in farads 
R = Resistance in ohms 

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

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

T -= CR 2 X 0.25 = 0.5 second 

If the applied e.m.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 re-
sistance, the condenser would discharge in-
stantly when S was closed, and for instantaneous 
discharge the current would have to be in-
finitely large. However, if R is present the 
current cannot exceed the value given by Ohm's 
Law, where E is the voltage to which the 
condenser is charged and R is the resistance. 
Since R limits the current flow, the condenser 
voltage cannot instantly go to zero, but it 
will decrease just as rapidly as the condenser 
can rid itself of its charge through R. When 
the condenser is discharging through a resist-
ance, 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 discharge 
to 370 volts in Y¡ second through the 250,000-
ohm resistor. 

Inductance and Resistance 

A comparable situation exists when resist-
ance and inductance are in series. In Fig. 2-18, 
first consider L to have no resistance (which 
would be impossible, since the conductor of 
which it is composed always has resistance) 
and also assume that R is zero. Then closing 

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 cur-
rent, 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. How-
ever, 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 
increasing just fast enough to keep the e.m.f. 
of self-induction equal to the applied e.m.f. 
Since such a circuit never would " settle 
down," the time constant of an inductive cir-
cuit without resistance is infinitely long. 
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 our hypothetical case without re-
sistance. But as the current increases the volt-
age 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 unmeasurable after 
a time. The difference between the actual cur-
rent and the Ohm's Law value also becomes 
undetectable. The time required for this to 
occur is greater the larger the value of L, and 
is shorter the larger R is made. The time con-
stant 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, 

Time 

Fig. 2-18 — Time constant of an LR circuit. 
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T 

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 

L 20 
= 0.2 second 

R 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 10 
I = — — = 0.1 amp. or 100 ma. 

R 100 

The current would rise from zero to 63 milliard. 
peree 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 
"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 open-
ing 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. It is not at all 
unusual for the switch contacts to burn or 
melt under such circumstances. 

"Filter" circuits used in power-supply equip-
ment represent an excellent example of the 
application of the CR or L/R time constant 
to practical work, although calculations of the 
type illustrated above are seldom necessary 
with such circuits. An understanding of the 
principles also is necessary in numerous special 
devices that are coming into widespread use 
In amateur stations, such as electronic keys, 
shaping of keying characteristics by vacuum 
tubes, and timing devices and control circuits. 
The time constants of circuits are also impor-
tant in such applications as automatic gain 
control and noise limiters. 

Alternating Currents 

• PHASE 
You cannot really understand alternating 

currents until you have a clear picture of phase. 
Essentially it means "time," or the time in-
terval between the instant when one thing oc-
curs and the instant when a second related 
thing takes place. As a homely example, 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 throw-
ing and catching are therefore " out of phase" 
because they do not occur at exactly the same 
time. 
Time differences are measured in seconds, 

minutes, hours, and so on. In the baseball 
example the ball might be in the air two sec-
onds, in which case it could be said that the 
throwing and catching were out of phase by 
two seconds. However, simply saying that two 
events are out of phase does not tell us which 
one occurred first. To give this information, 
the later event is said to lag the first in phase, 
while the one that occurs first is said to lead. 
Thus, throwing the ball " leads" the catch by 
two seconds, or the catch " lags" the throw by 
two seconds. 

In a.c. circuits the current amplitude changes 
continuously, so the concept of phase or time 
obviously has utility whenever it becomes 
necessary to specify the value of the current 
at a particular instant. 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. When this is done it does not matter 
whether one cycle lasts for a sixtieth of a sec-
ond or for a millionth of a second so long as 
all the cycles are the same. In other words, using 
the cycle as the time unit makes the specifica-
tion or measurement of phase independent of 
the frequency of the current, so long as only 
one frequency is under consideration at a time. 
If there are two or more frequencies, the meas-
urement of phase has to be modified just as 
the measurements of two lengths must be 
reconciled if one is given in feet and the other 
in meters. 

—.-

Fig. 2-19 — An a.c. cycle is divided off into 360 degrees 
that are used as a measure of time or phase. 
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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 for many 
reasons it is more convenient to divide the cy-
cle into 360 parts or degrees. A phase degree 
is therefore 1/360 of a cycle. (The reason for 
this choice of unit is this: In a sine-wave alter-
nating current, the value of the current at any 
instant is proportional to the sine of the angle 
that corresponds to the number of degrees — 
that is, length of time — from the time the cy-
cle began. There is of course no actual " angle" 
associated with an alternating current.) Fig. 
2-19 should help make this method of meas-
urement clear. 

Measuring Phase 

In a steady alternating current each cycle 
is exactly like the preceding one. To compare 
the phase of two currents of the same fre-
quency, we measure between corresponding 
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 correct to say that B lags 
A by 45 degrees.) The amplitudes of the in-

_ dividual currents do not affect their relative 
phases — current B is shown as having smaller 
amplitude than A. Regardless of the ampli-
tudes, the lagging current always would begin 
its cycle (the start of the cycle is considered to 
be the point at which it is passing through 
zero and starting to increase in the positive 
direction) the same number of degrees after 
the current that leads begins its cycle. 

45° 

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 B starts 45 degrees (one-eighth 
cycle) later than wave A, and so lags 45 degrees behind A. 

Two important special cases are shown in 
Fig. 2-21. In the upper drawing B lags 90 
degrees 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. Note that (using 
A as a reference) in the first quarter cycle A 
is positive and B is negative; in the second 
quarter cycle both A and B are positive, but 
one is decreasing while the other is increasing; 
in the third quarter cycle A is negative while 
B is positive; and in the last quarter cycle both 
are negative. • 

In the lower drawing A and B are 180 de-
grees out of phase. In this case it does not mat-
ter which one we consider to lead or lag. B 
is always positive while A is negative, and vice 
versa. The two waves are thus completely out 
of phase. 

( ¡ Cycle) 

Fig. 2.21— Two important special cases of phase dif-
ference. In the upper drawing, the phase difference be-
tween A and B is 90 degrees; in the lower drawing the 
phase difference is 180 degrees. 

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 cir-
cuits, or A might represent voltage while B 
represented current in the same circuit. If A 
and B represent two currents in the same 
circuit (or two voltages in the same circuit) 
the actual current (or voltage) would take a 
single value at any instant. This value would 
equal the sum of the two at that instant. (We 
must take into account the fact that the sum of 
positive and negative values is actually equal 
to the difference between them.) The resultant 
current (or voltage) also is a sine wave, because 
adding any number of sine waves of the same 
frequency always results in a sine wave also 
of the same frequency. 

• REACTANCE 
The discussion of capacitance and induct-

ance earlier in this chapter was confined to 
cases where only d.c. voltages were applied. 
To understand what happens in a condenser 
or inductance when an a.c. voltage is applied, 
it is necessary to become acquainted with a 
fundamental definition of electric current (as 
contrasted to the physical description of cur-
rent given earlier). By definition, the ampli-
tude of an electric current is the rate at which 
electric charge is moved past a point in a cir-
cuit. If a large quantity of charge moves past 
the observing point in a given time, the cur-
rent is large; if the quantity is small in the same 
amount of time, the current is small. 

Alternating Current in Condensers 

The quantity of charge that can be placed 
on a condenser of given capacitance is propor-
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tional to the voltage applied to the condenser. 
As we explained earlier, the condenser becomes 
charged instantly if there is no resistance in the 
circuit. Suppose a sine-wave a.c. voltage is ap-
plied to a condenser in a circuit containing 
no resistance, as indicated in Fig. 2-22. For 
convenience, the first half-cycle of the applied 
voltage is divided into eight equal time in-
tervals. In the period OA, the voltage increases 
from zero to 38 volts; at the end of this period 
the condenser is charged to that voltage. In 
the next interval the voltage increases to 71 
volts; that is, 33 volts additional. In this second 
interval a smaller quantity of charge has been 
added than in the first interval, because the 
voltage rise during the second interval was 
smaller. Consequently the average current 
during the second interval is smaller than dur-
ing the first. In the third interval, BC, the 
voltage rises from 71 to 92 volts, an increase of 
21 volts. This is less than the voltage increase 
during the second interval, so the quantity 
of electricity added to the charge during the 
third interval is less than the quantity added 
during the second. In other words, the average 
current during the third interval is still smaller. 
In the fourth interval, CD, the voltage in-
creases only 8 volts; the charge added is smaller 
than in any preceding interval and therefore 
the current also is smaller. By dividing the 
first quarter cycle into a very large number of 
intervals it could be shown that the current 
charging the condenser has the shape of a 
sine wave, just as the applied voltage does. 
But 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 normal 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 D to H, the voltage applied to the 
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Fig.2-22 —  Voltage and current phase relationships when 
alternating voltage is applied to a condenser. 

condenser decreases. During this time the 
condenser loses the charge it acquired during 
the first quarter cycle. Applying the same 
reasoning, it is plain that the current is small 
from D to E and continues to increase during 
each succeeding interval. However, the current 
is flowing against the applied voltage because 
the condenser is discharging into the circuit. 
Hence the current is negative during 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 ap-
plied voltage has reversed, and the current 
changes to correspond. In other words, an 
alternating current flows through a condenser 
when an a.c. voltage is applied to it. As shown 
by Fig. 2-22, the current starts its cycle 90 
degrees before the voltage, so the current in a 
condenser leads the applied voltage by 90 de-
grees. 

Capacitive Reactance 

Remembering the definition of current as 
given at the beginning of this section, as well 
as the mechanism of current flow described 
above, it should be plain that the more rapid 
the voltage rise the larger the current, because a 
rapid change in voltage means a rapid transfer 
of charge into or out of the condenser. The 
rapidity with which the voltage changes de-
pends upon two things: ( 1) the amplitude of the 
voltage (the greater the maximum value, the 
faster the voltage must rise from zero to reach 
that maximum in the time of one-quarter cycle 
if the frequency is fixed); (2) the frequency (the 
higher the frequency, the more rapidly the 
voltage goes through its changes in a given 
time if the maximum amplitude is fixed). Also, 
the amplitude of the current depends upon the 
capacitance of the condenser, because the 
larger the capacitance the greater the amount 
of charge transferred during a given change in 
voltage. 
The fact that the current flowing through a 

condenser is directly proportional to the ap-
plied a.c. voltage is extremely important. It is 
exactly what Ohm's Law says about the flow 
of direct current in a resistive circuit, and so 

leads us to the conclusion that Ohm's Law 
may be applied to an alternating-current cir-
cuit containing a condenser. Of course, a 
condenser does not offer "resistance" to the 
flow of alternating current, because the 
condenser does not consume power as a 
resistor does. It merely stores energy in one 
part of the cycle and returns it to the circuit 
in the next part. Furthermore, the larger the 
capacitance the larger the current; this is 
just the opposite of what we expect with 
resistance. And finally, the "opposition" 
offered by a condenser to alternating cur-
rent depends on the frequency of that cur-
rent. But with a given capacitance and a 

an given frequency, the condenser follows 
Ohm's Law on a.c. 
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Since the opposition effect of a condenser is 
not resistance, it is called by another name, 
reactance. But because reactance holds back 
current flow in a similar fashion to resistance, 
the unit of reactance also is the ohm. The re-
actance of a condenser is 

1  
Xc — 

27rf C 

where Xc = Condenser reactance in ohms 
f = Frequency in cycles per second 
C = Capacitance in farads 
ir = 3.14 

The fundamental units (cycles per second, 
farads) are too large for practical use in radio 
circuits. However, if the capacitance is in 
microfarads and the frequency is in mega-
cycles, the reactance will come out in ohms in 
the formula. 

Example: The reactance of a condenser of 470 
mad. (0.00047 µfd.) at a frequency of 7150 kc. 
(7.15 Mc.) is 

1  1  
X —   — 47.4 ohms 

exIC 6.28 X 7.15 X 0.00047 

Inductive Reactance 

In the case of an alternating voltage applied 
to a circuit containing only inductance, with 
no resistance, it must be remembered that in 
such a resistanceless circuit 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, the 
instantaneous current at the end of each inter-
val 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 OA and GH and least in the intervals 
CD and DE. The induced voltage actually is a 
sine wave (if the current is a sine wave) as 
shown by the dashed curve. The applied 
voltage, because it is always equal to and op-
posed by the induced voltage, is equal to and 
180 degrees out of phase with the induced 
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Fig. 2-23— Phase relationships between voltage and current 
when an alternating voltage is applied to an inductance. 

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 ap-
plied voltage. This is just the opposite of the 
condenser case. 

Just enough current will flow in an induct-
ance to induce an e.m.f. that just equals the 
applied e.m.f. Since the value of the induced 
e.m.f. is proportional to the rate at which the 
current changes, and this rate of change is in 
turn proportional to the frequency of the 
current, it should be clear that a small current 
changing rapidly (that is, at a high frequency) 
can generate a large back e.m.f. in a given in-
ductance just as well as a large current chang-
ing slowly (low frequency). Consequently, the 
current that flows through a given inductance 
will decrease as the frequency is raised, if the 
applied e.m.f. is held constant. However, with 
both frequency and inductance fixed, the cur-
rent will be larger when the applied voltage is 
increa:sed, because the necessary rate of change 
in the current to induce the required back 
e.m.f. can only be obtained by having a greater 
total current flow under such circumstances. 
Again, when the applied voltage and fre-
quency are fixed, the value of current required 
is less, as the inductance is made larger, be-
cause the induced e.m.f. also is proportional to 
inductance. 

Just as in the capacitance case, the key 
point here is that — with the frequency and 
inductance fixed — an increase in the applied 
a.c. voltage causes a proportionate increase in 
the current. This is Ohm's Law again — and, 
again, the opposition effect is similar to, but 
not identical to, resistance. It is called in-

ductive reactance and, like capacitive re-
actance, 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 = 27rfL 

where XL = Inductive reactance in ohms 
f = Frequency in cycles per 

second 
L = Inductance in henrys 
7r = 3.14 

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

XL = 2.11, = 6.28 X 120 X 8 = 6029 ohms 

In radio-frequency circuits the induct-
ance values usually are small and the fre-
quencies are large. If the inductance is ex-
pressed in millihenrys and the frequency 
in kilocycles, the conversion factors for the 
two units cancel, and the formula for reac-
tance may be used without first converting 
to fundamental units. Similarly, no con-
version is necessary if the inductance is in 
microhenrys and the frequency is in 
megacycles. 
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Example: The reactance of a 15-microhenry 

cod at a frequency of 14 Mc. is 

XL 2se = 6.28 X 14 X 15 = 1319 ohms 

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 w 47.4 ohms) at 7150 kc., the volt-
age drop across the condenser is 

E IX 2 X 47.4 w 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 = 0.0663 amp. (66.3 ma.) 
X 8029 

These examples show that there is nothing 
complicated about using Ohm's Law for a re-
active a.c. circuit. The question naturally 
arises, though, as to what to do when the cir-
cuit consists of an inductance in series with a 
capacitance. In such a case 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 
(Ec). It is assumed that XI, is larger than Xc 
and so has a larger voltage drop. Since the two 
voltages are completely out of phase the total 
voltage (EAc) is equal to the difference between 
them. This is shown in the drawing as EL — 
Ec. Notice that, because EL is larger than Ec, 
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 inductance of smaller value than the actual 
inductance present, since the effect of the ac-
tual inductive reactance is reduced by the 
capacitive reactance in series with it. If X0 
is larger than XL, the arrangement will behave 
like a capacitance — again of smaller re-
actance than the actual capacitive reactance 
present in the circuit. 

The " equivalent" or total reactance of any 
circuit containing inductive and capacitive 
reactances in series is equal to XL — Xc. If 

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

there are several coils and condensers in series, 
we 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 " posi-
tive" and capacitive reactance " negative." 
If the equivalent or net reactance is positive, 
the voltage leads the current by 90 degrees; 
if the net reactance is negative, the voltage 
lags the current by 90 degrees. 

Reactive Power 

A curious feature of the drawing in Fig. 
2-24 is that the voltage drop across the coil is 
larger than the voltage applied to the circuit. 
At first glance this might seem to be an im-
possible condition. But it is not; the reason is 
that neither the coil nor condenser consumes 
power. Actually, when energy is being stored 
in the coil's magnetic field, energy is being re-
turned to the circuit from the condenser'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. 

It will be recalled that in a resistance the 
flow of current causes heating and a power loss 
equal to PR. The power in a reactance is equal 
to /2X, but is not a " loss"; it is simply power 
that is transferred back and forth between the 
field and the circuit but not used up in heating 
anything. In the quarter cycle when the cur-
rent and voltage in a reactance both have the 
same polarity, energy is stored in the field; in 
the quarter cycle when the current and voltage 
have opposite polarity the energy is returned to 
the circuit. To distinguish this " nondissi-
pated" power from the power which is actually 
consumed, the unit of reactive power is called 
the volt-ampere instead of the watt. Reactive 
power is sometimes called " wattless" power. 
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e IMPEDANCE 
Although resistance, inductive reactance 

and capacitive reactance all are measured in 
ohms, the fact that they all are measured by 
the same unit does not indicate that they can 
be combined indiscriminately. Reactance does 
not absorb energy; resistance does. Voltage 
and current are in phase in resistance, but 
differ in phase by a quarter cycle in reactance. 
Furthermore, in inductive reactance the volt-
age leads the current, while in capacitive re-
actance the current leads the voltage. All these 
things must be taken into account when react-
ance and resistance are combined together in a 
circuit. 

R•75 ohms 

EAc Z.I25 

XL.100 ohms 

9oe 
0 53'  

100(x) 

75(5) 

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

In the simple circuit shown 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 opposition 
offered by the combination to the flow of cur-
rent. Inasmuch as both resistance and react-
ance are present, the total effect can obvi-
ously be neither wholly one nor the other. In 
circuits containing both reactance and resist-
ance the opposition effect is called impedance. 
The unit of impedance is also the ohm. 

If the inductance in Fig. 2-25 were short-
circuited, only the resistance would remain 
and the circuit would simply have a resistance 
of 75 ohms. In such a case the current and 
voltage would be in phase. On the other hand, 
if the resistance were short-circuited the cir-
cuit simply would have a reactance of 100 
ohms, and the current would lag behind the 
voltage by one-quarter cycle or 90 degrees. 
When both are in the circuit, it would be ex-
pected that the impedance would be greater 
than either the resistance or reactance. It 
might also be expected that the current would 
be neither in phase with the voltage nor lagging 
90 degrees behind it, but would be somewhere 
between the complete in-phase and the 90-
degree phase conditions. Both things are true. 
The larger the reactance compared with the 
resistance, the more nearly the phase angle 
approaches 90 degrees; the larger the resistance 
compared to the reactance, the more nearly 
the current approaches the condition of being 
in phase with the voltage. 

It can be shown that resistance and react-
ance can be combined in the same way that a 
right-angled triangle is constructed, if the re-

sistance is laid off to proper scale as the base 
of the triangle 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, 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. It is unnecessary, of course, 
actually to draw such a triangle when imped-
ance is to be calculated; by geometry, 

Z VR2 -I- X2 

In the case shown in the drawing, 

Z = V(75)2 -I- (100)2 = VI5,625 = 125 ohms. 

The phase angle can be found from simple 
trigonometry. Its tangent is equal to XII?; in 
this case X /R = 100/75 = 1.33. From trigo-
nometric tables it can be determined that the 
angle having a tangent equal to 1.33 is ap-
proximately 53 degrees. Fortunately, in ordi-
nary amateur work it is seldom necessary to 
give much consideration to the phase angle 
because in most practical cases the angle will 
either be nearly zero (current and voltage in 
phase) or close to 90 degrees (current and volt-
age approximately a quarter cycle out of 
phase). 
A circuit containing resistance and capaci-

tance in series (Fig. 2-26) can be treated in 
the same way. That is, the impedance is 

Z VR2 X2 

and the phase angle again is the angle whose 
tangent is equal to X/R. It must be remem-
bered, however, that in this case the current 
leads the applied e.m.f., while in the resistance-
inductance case it lags behind the voltage. 

In neither case is the impedance of the cir-
cuit equal to the simple arithmetical sum of 
the resistance and reactance. With R = 75 
ohms and XL = 100 ohms, simple addition 
would give 175 ohms while the actual imped-
ance is 125 ohms. However, if either X or R 
is very small compared to the other (say, 1/10 
or less) the impedance is very nearly equal 
to the larger of the two quantities. For ex-
ample, if R -= 1 ohm and X = 10 ohms, 

z ..VR2 + X2 = V(1)2 ± (10)2 

= VW1 = 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 impedance is equal to the larger of the 
two will not exceed 32 of 1 per cent, which is 

Fig. 2-26 — Re. 
sistance and ca- Ese 
pacitive react-
ance in series. Tx: 

Z. R2 + Itc2 
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usually negligible. This fact is frequently 
useful. 
In working with impedance, remember that 

one of its components is reactance and that 
the reactance of a given coil or condenser 
changes with the applied frequency. There-
fore, 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. How-
ever, if the impedance is mostly reactance a 
change in frequency will cause the impedance 
to change practically as rapidly as the react-
ance itself changes. 

Ohm's Law for Impedance 

Since impedance is made up of resistance 
and reactance, Ohm's Law can be applied to 
circuits containing impedance just as readily 
as to circuits having resistance or reactance 
only. The formulas are 

where E = E.m.f. in volts 
I = Current in amperes 
Z = Impedance in ohms 

Example: Assume that the e.m.f. applied to 
the circuit of Fig. 2-25 is 250 volts. Then 

_ E 250 
— — 2 amperes. 
Z 125 

The same current is flowing in both R and XL, 
and Ohm's Law as applied to either of these 
quantities says that the voltage drop across R 
should equal IR and the voltage drop across XL 
should equal /XL. Substituting, 

ER = IR 2 X 75 150 volts 
ExL = IX,, 2 X 100 = 200 volte 

The arithmetical sum of these voltages is greater 
than the applied voltage. However, the actual 

+400 

+300 

tu +200 

ER 
+100 

-- -300 

-400 
Fig. 2-27 — Voltage drops around the circuit of Fig. 
2-25. Because of the phase relationships, the applied 
voltage is less than the arithmetical sum of the drops 
across the resistor and inductor. 

APPLIED VOLTAGE 

sum of the two when the phase relationship is 
taken into account is equal to 250 volts r.m.s., as 
shown by Fig. 2-27, where the instantaneous 
values are added throughout the cycle. When-
ever resistance and reactance are in series, the 
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 
instrumenta. It is simply an illustration of the 
importance of phase in a.c. circuits. 

A more complex series circuit, containing 
resistance, inductive reactance and capacitive 
reactance, 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 in all three elements. Since it is 
a series circuit, the current is the same through-
out. Considering first just the inductance and 

R2+ (XL- Xç)2 

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

capacitance and neglecting the resistance, the 
phase relationships are the same as in Fig. 
2-24. The net reactance in Fig. 2-28 is 

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

Since the series reactances can be lumped into 
one equivalent reactance, it is easy to find the 
impedance of the circuit by the rules previously 
given. The impedance of a circuit containing 
resistance, inductance and capacitance in se-
ries is 

z = VR2 + — xe)2 
Example: In the circuit of Fig. 2-28, the im-

pedance is 

Z = VR2 ± (XL — Xc)2 
V(20)2 ÷ (1,50 50)2 V(20)2 ± ( 100)2 

= N/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 com-
bination. In any one branch, the current will 
be unchanged if one or both of the other two 
branches is disconnected, so long as the ap-
plied voltage remains unchanged. For ex-
ample, h, the current through the induct-
ance, will not change if both R and C are re-
moved (although the total current, I, will 
change). Thus the current in each branch can 
be calculated quite simply by the Ohm's Law 
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Fig. 2-29 — Resistance, inductance and capacitance in 
parallel. Instruments connected as shown will read the 
total current, I, and the individual currents in the three 
branches of the circuit. 

formulas given in the preceding sections, if the 
voltage and reactance or resistance are known. 
The total current, I, is the sum of the currents 
through all three branches — not the arith-
metical sum, but the sum when phase is taken 
into account. 
The currents through the various branches 

will be as shown in Fig. 2-30, assuming for 
purposes of illustration that Xi, is smaller 
than Xc and that Xc is smaller than R, thus 
making h. larger than /c, and /c larger than 
IR. The current through C leads the. voltage 
by 90 degrees and the current through L lags 
the voltage by 90 degrees, so these two cur-
rents are 180 degrees out of phase. As shown 
at E, the total reactive current is the differ-
ence 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, I, is as shown 
at F. It can be seen that I 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 currents, 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 voltage divided by the total or 
"line" current, I. In the case illustrated, I is 
greater than IR, so the impedance of the cir-
cuit is less than the resistance of R. How 
much less depends upon the net reactive cur-
rent flowing through L and C in parallel. If 
XL and Xc are very nearly equal the net reac-
tive 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 
resistance of R alone. On the other hand, if 
Xi. and Xc are quite different the net reactive 
current can be relatively large and the total 
current also will be appreciably larger than 
/a. In such a case the circuit impedance will 
be lower than the resistance of R alone. 
The calculation of the impedance of parallel 

circuits is somewhat complicated. Fortunately, 
calculations are not necessary in most amateur 
work except in a special — and simple — case 
treated in a later section of this chapter. 

Po wer 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 dissi-
pation of 250 X 2 = 500 watts. However, the 
circuit actually consists of resistance and react-
ance, and only the resistance consumes power. 
The power in the resistance is 

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

This is the actual power consumed by the cir-
cuit as compared to the apparent power input 
of 500 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 expressed 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) = PX -= (2)2 X 100 
= 400 volt-amperes. 

(A) 

(B) 

(C) 

(D) 

(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 (h. -1- /C) 
and the total current in the entire circuit (I) also are 
shown. 
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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 complex voltage wave is applied to a 
circuit containing 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 frequency. 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 

reactance involved and how the circuit is ar-
ranged. In a simple circuit with resistance and 
inductive reactance in series, the amplitudes 
of the harmonics will be reduced because the 
inductive reactance increases in proportion to 
frequency. When a condenser and resistance 
are in series, on the other hand, the harmonics 
are likely to be accentuated because the con-
denser reactance becomes lower as the fre-
quency 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, se-
lected. 

This property of nonuniform behavior with 
respect to fundamental and harmonics is an 
extremely useful one. It is the basis of " filter-
ing," or the suppression of undesired fre-
quencies in favor of a single desired frequency 
or group of such frequencies. 

Transformers 

It has been shown in the preceding sections 
that, when an alternating voltage is applied 
to an inductance, an e.m.f. is induced by the 
varying magnetic field accompanying the flow 
of alternating current. If a second coil is 
brought into the same field, a similar e.m.f. 
likewise will be induced in this coil. This in-
duced e.m.f. may be used to force a current 
through a wire, resistance or other electrical 
device connected to the terminals of the second 
coil. 
Two coils operating in this way are said to 

be coupled, and the pair of coils constitutes 
a transformer. The coil connected to the 
source of energy is called the primary coil, 
and the other is called the secondary coil. 

Types of Transformers 

The usefulness of the transformer lies in the 
fact that electrical energy can be transferred 
from one circuit to another without direct 
connection, and in the process can be readily 
changed from one voltage level to another. 
Thus, if, a device 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. 
The transformer, of course, can be used only 
on a.c., since no voltage will be induced in the 
secondary if the magnetic field is not changing. 
If d.c. is applied to the primary of a trans-
former, a voltage will be induced in the second-
ary only at the instant of closing or opening 
the primary circuit, since it is only at these 
times that the field is changing. 
As shown in Fig. 2-31, the primary and 

secondary coils of a transformer may be wound 
on a core of magnetic material. This increases 
the inductance of the coils so that a relatively 
small number of turns may be used to induce 

a given value of voltage with a small current 
A closed core (one having a continuous mag-
netic path) such as that shown in Fig. 2-31 
also tends to insure that practically all of the 
field set up by the current in the primary coil 
will cut the turns of the secondary coil. How-
ever, 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 
section is confined to transformers operating 
at such frequencies. 

Voltage and Turns Ratio 

For a given varying magnetic field, the volt-
age induced in a coil in the field will be pro-
portional 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 
case of the primary, or coil connected to the 
source of power, the induced voltage is practi-

1E 
AC 
SYM BOLS 

Fig. 2.31 — The transformer. Power is transferred from 
the primary coil to the secondary by means of the mag-
netic field. The upper symbol at right indicates an iron-
core transformer, the lower one an air-core transformer. 
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cally equal to, and opposes, the applied volt-
age. Hence, for all practical purposes, 

E. = IL" Ep 
flp 

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

The ratio n./n1, is called the turns ratio of the 
transformer. 

Example: A transformer has a primary of 400 
turns and a secondary of 2800 turna, and 115 
volts is applied to the primary. The secondary 
voltage will be 

E. = E, = 2— °() X 115 = 7 X 115 
ni, 400 

=, 805 volta 

Also, if 806 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 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 current is taken from the secondary is called 
the magnetizing current of the transformer. In 
any properly-designed transformer the primary 
inductance will be so large that the magnetiz-
ing current will be quite small. The power con-
sumed 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 current is drawn from the secondary 

winding, the secondary current sets up a mag-
netic field of its own in the core. The field from 
the secondary current always reduces the 
strength of the original field. But if the induced 
voltage in the primary is to equal the applied 
voltage, the original field must be maintained. 
Consequently, the primary current must 
change in such a way that the effect of the 
field set up by the secondary current is com-
pletely canceled. This is accomplished when 
the primary draws additional current that sets 
up a field exactly equal to the field set up by 
the secondary current, but which opposes the 
secondary field. The additional primary current 
is thus 180 degrees out of phase with the sec-
ondary current. 

In practical calculations on transformers it 
is convenient to neglect the magnetizing cur-
rent and to assume that the primary current is 
caused entirely by the secondary load. This is 
justifiable because the magnetizing current 
should be very small in comparison with the 
load current when the latter is near the rated 
value. 

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

turns must equal the secondary current multi-
plied by the secondary turns. From this it 
follows that the primary current will be equal 
to the secondary current multiplied by the 
turns ratio, secondary to primary, or 

nu is 

np 

where 4 =- Primary current 
I. = Secondary current 
np = 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 

= = 2800 
X 0.2 — 7 X 0.2 = 1.4 amp. 

n9 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, 

PO = nPi 

where P. = Power output from secondary 
Pi = Power input to primary 
n = Efficiency factor 

The efficiency, n, always is less than 1. It is 
usually expressed as a percentage; if n is 0.65, 
for instance, the efficiency is 65 per cent. 

Example: A transformer has an efficiency of 
85% at its full-load output of 160 watts. The 
power input to the primary at full secondary 
load will be 

P. 150 pi =. 
n 0.85 

= 176.5 watts 

The efficiency of a transformer is usually — 
by design — highest at the normal power out-
put for which it is rated. The efficiency de-
creases 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 

Fig. 2-32 — The equivalent circuit of a transformer in-
cludes the effects of leakage inductance and resistance of 
both primary and secondary windings. The resistance 
Rc is an equivalent resistance representing the constant 
core losses. Since these are comparatively small, their ef-
fect may be neglected in many approximate calculations. 
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by its own losses, because these heat the wire 
and core and raise the operating temperature. 
There is a limit to the temperature rise that 
can be tolerated, because too-high temperature 
either will melt the wire or break down the 
insulation between turns. 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 condi-
tions. 
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 
magnetic 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 acts in the same way 
as flux about any coil that is not coupled to 
another coil; that is, it causes an e.m.f. of self-
induction. Consequently, there are small 
amounts of leakage inductance associated 
with both windings of the transformer, but not 
common to them. Leakage inductance acts in 
exactly the same way as an equivalent amount 
of ordinary inductance inserted in series with 
the circuit. It has, therefore, a certain react-
ance, depending upon the amount of leakage 
inductance and the frequency. This reactance 
is called leakage reactance. 

In the primary, the current flowing through 
the leakage reactance causes a voltage drop. 
This voltage drop increases with increasing 
primary current, hence it increases as more 
current is drawn from the secondary. The in-
duced voltage consequently decreases, because 
the applied voltage has been reduced by the 
voltage drop in the primary leakage reactance. 
The secondary induced voltage also decreases 
proportionately. 
When current flows in the secondary circuit 

the secondary leakage reactance causes an 
additional voltage drop that further reduces 
the voltage available from the secondary ter-
minals. Thus, the greater the secondary cur-
rent, the smaller the secondary terminal voltage 
becomes. The resistances of the primary and 
secondary windings of the transformer also 
cause voltage drops when current is flowing; 
although these voltage drops are not in phase 
with those caused by leakage reactance, to-
gether 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 con-
ditions to full load. The drop in voltage may be 
considerably more than this in a transformer 
operating at audio frequencies because the 

SHELL TYPE 

leakage reactance increases directly with the 
frequency. 

Impedance Ratio 

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

Zp Z.N2 

where Zp = Impedance of primary as viewed 
from source of power 

Z. = Impedance of load connected to 
secondary 

N = Turns ratio, primary to secondary 

That is, a load of any given impedance con-
nected to the secondary of the transformer will 
be changed to a different value_." looking into" 
the primary from the source of power. The 
amount of impedance transformation is pro-
portional 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 be 

= ZAr2 = 3000 X (0.6)2 = 3000 X 0.38 
= 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 
transformed or " reflected" impedance has the 
same phase angle as the actual load impedance; 
if the load is a @pure resistance the load pre-
sented by the primary to the source of power 
also will be a pure resistance. 
The above relationship is sufficiently ac-

curate in practice to give quite adequate re-
sults, 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 other re-
quirement to be met is that the primary have 
enough inductance to operate with low mag-
netizing current at the voltage applied to the 
primary. Despite a common — but mistaken 
— impression, a transformer operating with 

u 

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. 
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a load does not " have" an impedance; the 
primary impedance — as it looks to the source 
of power — is determined by the load con-
nected to the secondary and by the turns ratio. 
If the characteristics of the transformer have 
an appreciable effect on the impedance pre-
sented to the power source, the transformer is 
either poorly designed or is not suited to the 
voltage applied to it. 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 opera-
tion. The resistance of the actual load that is to 
dissipate the power may differ widely from 
this value; so the transformer is frequently 
called upon to transform the actual load into 
one of the desired value. This is called im-
pedance matching. From the preceding, 

N = — 
Zp 

where N = Required turns ratio, secondary to 
primary 

Z. = Impedance of load connected to 
secondary 

Zi, = Impedance required 

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

N —_ PF) _ _ 1 — 
Z, 5000 500 22.4 

The primary therefore must have 22.4 times aa 
many turna 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 
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 
condition. However, 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. 
Getting the most power output may be more 
important than efficiency in such a case. 

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 affected by the 

Load 

cross-sectional area of the core. Transformer 
design data will be found in Chapter Seven. 
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 wind-
ings may be placed on separate legs, if desired. 
This is sometimes done when it is necessary to 
minimize capacity effects between the primary 
and secondary, 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 laminations are overlapped at 
the ends to make the magnetic path as con-
tinuous as possible and thus reduce flux 
leakage. 
The number of turns required on the pri-

mary for a given applied e.m.f. is determined 
by the type of core material used, the maxi-
mum permissible flux density, and the fre-
quency. As a rough indication, windings of 
small power transformers frequently have 
about two 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, with a thin sheet of paper insulation 
between each layer. Thicker insulation is used 
between coils and between coils and core. 

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

Line and load currents in the 
common winding (A) flow in 
opposite directions, so that 
the resultant current is the 
difference between them. 
The voltage across A is pro-
portional to the turns ratio. 

Autotrans formers 

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 section of the 
winding common to both the line and load 
circuits carries less current than the remainder 
of the coil, because the line and load currents 
are out of phase as explained previously. Hence 
the common section of the winding may be 
wound with comparatively small wire. 

This advantage of the autotransformer is of 
practical value only when the primary (line) 
and secondary (load) voltages are not very 
different. On the other hand, it is frequently 
undesirable to have a direct connection be-
tween the primary and secondary circuits. For 
these reasons the autotransformer is used 
chiefly for boosting or reducing power-line 
voltage by relatively small amounts. 
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Radio-Frequency Circuits 

• RESONANCE 
Fig. 2-35 shows a resistor, condenser and coil 

connected in series with a source of alternating 
current. Assume that the frequency can be 
varied over a wide range and that, at any fre-
quency, the voltage of the source always has 
the same value. 
At some /ow frequency the condenser re-

actance 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 

EAC 

'wool 
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. 

resistance of R. (The resistance, R, is assumed 
to be the same at all frequencies.) On the other 
hand, at some very high frequency the reac-
tance of C will be very small and the reactance 
of L will be very large. In the /ow-frequency 
case the amount of current that can flow will 
be determined practically entirely by the 
reactance of C; since Xe is large at the low fre-
quency, the current will be small. In the high-
frequency case the amount of current that can 
flow will be determined almost wholly by the 
reactance of L; XL is large at the high fre-
quency so the current is again small. 
Now condenser reactance decreases as the 

frequency is raised, but inductive reactance 
increases with frequency. At some frequency, 
therefore, the reactances of C and L will be 
equal. At that frequency the voltage drop 
across the, coil equals the voltage drop across 
the condenser, and since the two drops are 180 
degrees out of phase they cancel each other 
completely. At that frequency the amount of 
current flow is determined wholly by the re-
sistance, R. Also, at that frequency the current 
has its largest possible yalue (remember that 
we assumed the source voltage to be constant 
regardless of frequency). A series circuit in 
which the inductive and capacitive reactances 
are equal is said to be resonant; or, to be " in 
resonance" or " in tune" at the frequency for 
which the reactances are equal. 
Resonance is not peculiar to radio-frequency 

circuits alone. It can occur at any a.c. fre-
quency, including power-line frequencies. 
However, resonant circuits are used principally 
at radio frequencies; in fact, at those frequen-
cies the circuits used almost always are 
resonant. 

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 

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

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

f - 2T. 106 
V.Ce 

where f = Frequency in kilocycles (kc.) 
L = Inductance in naicrohenrys 
C = Capacitance in micromicrofarads 

(aafd.) 
ir = 3.14 

Example: The resonant frequency of a series 
cirruit containing a 5-µh. coil and a 35-µµfd. 
condenser is 

to6 
- 

100 

VLC 6.28 X V5 X 35 

106  106 
= 12,050 Ice. 

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. 
At frequencies very much higher than the 
resonant frequency the current is limited by 
the inductive reactance; the condenser and 
resistor have only a negligible part. At fre-
quencies very much lower than resonance the 
condenser limits the current, the resistor and 
inductance playing very little part. Exactly at 
resonance the current is limited only by the 
resistance; the smaller the resistance the 
larger the resonant current. The shape of the 
resonance curve at frequencies near resonance 
is determined by the ratio of reactance to 
resistance at the particular frequency con-
sidered. 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 frequency 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 re-
sistance the current decreases rapidly as the-
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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 apply to all circuits, but represent a 

pie al case. It is assumed that the reactances (at the 
resonant frequenet ) are 1000 ohms (minimum Q = 10). 
Note that at frequencies at least plus or minus ten per 
cent away from the resonant frequency the current is 
substantially unaffected by the resistance in the circuit.. 

frequency moves away from resonance and 
the circuit is said to be sharp. Curves of differ-
ing sharpness are shown in Fig. 2-36. A sharp 
circuit will respond a great deal more readily 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 select 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 capacitance; no re-
sistance is indicated. Nevertheless, resistance 
is always present. At frequencies up to perhaps 
30 Mc. this resistance is mostly in the wire of 
the coil. Above this frequency energy loss in 
the condenser (principally in the solid dielec-
tric which must be used to form an insulating 
support for the condenser plates) becomes ap-
preciable. This energy loss is equivalent to 
resistance. When maximum sharpness or selec-
tivity is needed the object of design is to reduce 
the inherent resistance to the lowest possible 
value. 
We mentioned above that the sharpness of 

the resonance curve is determined by the ratio 
of reactance to resistance. 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 con-

denser, in ohms 
R = Resistance in ohms 

Example: The coil and condenser in a series 
circuit each have a reactance of 350 ohms at the 
resonant frequency. The resistance is 5 ohms. 
Then the Q is 

X 350 
70 

R 5 

Since the same current flows in R that flows 
In X, the Q of the circuit also is the ratio of the 
reactive power to the " real" power, or power 
dissipated in the resistance. The term " volt-
ampere-to-watt " ratio or, when the power is 
large, " kva.-to-kw. ratio," therefore is some-
times used instead of " Q." To put it another 
way, the Q of the circuit is the ratio of the 
energy stored (in either the magnetic or elec-
tric field) to the energy dissipated as heat in 
the resistance. 
The effect of Q on the sharpness of resonance 

of a circuit is shown by the curves of Fig. 
2-37. In 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. 
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Fig. 2-37 — Current in series-resonant circuits having 
different (h. In this graph the current at resonance is 
assumed to be the same in all cases. The lower the Q, the 
more slowly the current decreases as the applied fre-
quency is moved away from resonance. 
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Voltage Rise 

When a voltage of the resonant frequency is 
Inserted in series in a resonant circuit, the 
voltage that appears across either the coil or 
condenser is considerably higher than the ap-
plied voltage. The current in the circuit is 
limited only by the actual resistance of the 
coil-condenser combination in the circuit and 
may have a relatively high value; however, 
the same current flows through the high re-
actances of the coil and condenser and causes 
large voltage drops. (As explained above, the 
reactances are of opposite types and hence the 
voltages are opposite in phase, so the net 
voltage around the circuit is only that which is 
applied.) The ratio of the reactive voltage to 
the applied voltage is equal to the ratio of 
reactance to resistance. This ratio is the Q of 
the circuit. Therefore, the 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 ohms, and the applied 
voltage is 50. The two reactances cancel and 
there will be but 5 ohms of pure resistance to 
limit the current flow. Thus the current will be 
50/5, or 10 amperes. The voltage developed 
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 X/R 203/5 = 40. 
The reactive voltage is equal to Q times the 
applied voltage, or 40 X 50 = 2000 volts. 

Parallel Resonance 

When a variable-frequency source of con-
stant voltage is applied to a parallel circuit of 
the type shown in Fig. 2-38 there is a resonance 
effect similar to that in a series circuit. How-
ever, in this case the current (measured at the 
point indicated) is smallest at the frequency 
for which the coil and condenser reactances are 
equal. At that frequency the current through 
L is exactly canceled by the out-of-phase cur-
rent through C, as explained in an earlier 
section, so that only the current taken by R 
flows in the line. At frequencies below resonance 
the current through L is larger than that 
through C, because the reactance of L is 

Fig. 2-38— Cir-
cuit illustrating 
parallel reso-
nance. 

smaller and that of C higher at low frequencies; 
there is only partial cancellation of the two 
reactive currents and the line current therefore 
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 resonance, being deter-

(A) ([3) 

mined wholly by R, will be small if R is large 
and large if R is small. 
The resistance R shown in Fig. 2-38 seldom 

is an actual physical resistor. In most cases it 
will be an "equivalent" resistance that cor-
responds to the effect of an actual energy loss 
in the circuit. This energy loss can be inherent 
in the coil or condenser, or may represent en-

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

ergy transferred to a load by means of the 
resonant circuit. (For 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 be-
have identically, when an external voltage is 
applied, if (1) L and C are the same in both 
cases; and (2) R, multiplied by R. equals the 
square of the reactance (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.) Now the circuit 
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.. 
What this means is that a circuit like 

that of Fig. 2-39A has an equivalent parallel 
imeedance (at resonance) equal to Rp, the 
relationship between R. and Rp being as ex-
plained above. Although Rp 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. At the resonant frequency, 
then, 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 inspelsnce of a circuit 
having a Q of 50 ant h tying in furtive and ca-
pacitive reactances of 330 ohms will be 

QX = 50 X 300 = 15,000 ohhis. 

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 
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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 paral-
lel 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. 

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 are made with 
relatively large inductance for the frequency 
under consideration. 

However, when the circuit delivers energy 
to a load (as in the case of the resonant cir-
cuits used in transmitters) the energy con-
sumed 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 repre-
sents the load to which power is delivered. If 
the power dissipated in the load is at least ten 
times as great as the power lost in the coil and 
condenser, the parallel impedance of the reso-
nant circuit itself will be so high compared 
with the resistance of the load that for all 
practical purposes the impedance of the com-
bined circuit is equal to the load resistance. 
Under these conditions the Q of a parallel-
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Fig. 2-40 — Relative impedance of parallel-resonant 
circuits with 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. 
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resonant circuit 
pedance is 

Q = —Z 
X 

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

or condenser 

loaded by a resistive ins-

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 ,‘ 
— = — 
X 250 

(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 acmes the whole circuit. 

The effective Q of a circuit loaded by a 
parallel resistance becomes higher when the 
reactances of the coil and condenser are de-
creased. 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. 
The effect of a given load resistance on the 

Q of a circuit can be changed by connecting 
the load across only part of the circuit. A com-
mon method is to tap the load across part of 
the coil, as shown in Fig. 2-41B. The smaller 
the portion of the coil across which the load is 
tapped, the less the loading on the circuit; in 
other words, tapping the load "down" is 
equivalent to connecting a higher value of load 
resistance across the whole circuit. This is 
similar in principle to impedance transforma-
tion with an iron-core transformer. In high-
frequency resonant circuits the impedance 
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 de-
sired reflected impedance usually must be 
obtained by experimental adjustment. 

L/C 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 constant. 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 frequency is called the 
LIC ratio. A high-C circuit is one which 
has more capacity than "normal" for the fre-
quency; a low-C circuit one which has less 
than normal capacity. These terms depend to a 
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considerable extent upon the particular appli-
cation considered, and have no exact numeri-
cal meaning. Input 

LC Constants 

As pointed out in the preceding paragraph, 
the product of inductance and capacity is 
constant for any given frequency. It is fre-
quently convenient to use the numerical value 
of the LC constant when a number of calcu-
lations have to be made involving different 
L/C ratios for the same frequency. The con-
stant for any frequency is given by the follow-
ing equation: 

LC — 25'330 

where L -= Inductance in microhenrys (ph.) 
C = Capacitance in micromicro-

farads ( µdd.) 
f = Frequency in megacycles. 

Example: Find the inductance required to 
resonate at 3850 kc. (3.85 Mc.) with capaci-
tances of 25, 50, 100, and 500 amid. The LC 
constant is 

25 330 25,330 
LC = 1900 

(3.65)2 1135 

With 25 spfd. L = 1900/C = 1900/25 
= 76 µh. 

50 add. L = I900/C = 1900/50 
= 38 e. 

100 µµfd. L 1900/C = 1900/100 
= 19 µh. 

500 mpfd. L = 1900/C = 1900/500 
= 3.8 e. 

• 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 circuit. The power may be prac-
tically all dissipated in the secondary circuit 
itself (this is usually the case in receiver cir-
cuits) or the secondary may simply act as a 
medium through which the power is trans-
ferred to a load resistance where it does work. 
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. 
A general understanding of coupling meth-

ods is essential in amateur work, but there is 
seldom, if ever, need for calculation of the per-
formance of coupled circuits. Very few radio 
amateurs have the equipment necessary for 
measuring the quantities that enter into such 
calculations. In actual practice, the adjustment 
of a coupled circuit is a cut-and-try process. 
Satisfactory results readily can be obtained if 
the principles are understood. 

Input 

o  
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Output 

Output 

Input 5éC, C2+ 3 
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o  
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Fig. 2-42— Basic methods of circuit coupling. 

(A) 

(B) 

(C) 

(D) 

(E) 

Coupling by a Common Circuit Element 

One method of coupling between two reso-
nant circuits is through a circuit element com-
mon to both. The three variations of this type 
of coupling shown at A, B and C of Fig. 2-42, 
utilize a common inductance, capacitance and 
resistance, respectively. Current circulating 
in one LC branch flows through the common 
element (Lo, Co, or Rc) and the voltage devel-
oped across this element causes current to flow 
in the other LC branch. 

If both circuits are resonant to the same fre-
quency, as is usually the case, the value of im-
pedance — reactance or resistance — required 
for maximum energy transfer is generally 
quite small compared to the other reactances 
in the circuits. 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 Co, the "coupling con-
denser," is made greater (reactance of C. is 
decreased). When two resonant circuits are 
coupled by this means, the capacitance re-
quired for maximum energy transfer is quite 
small if the Q of the secondary circuit is at all 
high. For example, if the parallel impedance 
of the secondary circuit is 100,000 ohms, a 
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reactance of 10,000 ohms or so in the condenser 
will give ample coupling. The corresponding 
capacitance required is only a few micromicro-
farads at high frequencies. 

Inductive Coupling 

Fig. 2-42E shows inductive coupling, or 
coupling by means of the magnetic field. A 
circuit of this type resembles the iron-core 
transformer, but because only a small per-
centage of the magnetic flux lines set up by 
one coil cut the turns of the other coil, the 
simple relationships between turns ratio, volt-
age ratio and impedance ratio in the iron-core 
transformer do not hold. 

Three common types of inductively-coupled 
circuits are shown in Fig. 2-43. In the first two, 
only one circuit actually is resonant. The cir-
cuit 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 principally in transmitters, for coupling 
a radio-frequency amplifier to a resistive load. 
Circuit C is used for fixed-frequency amplifica-
tion in receivers. The same circuit also is used 
in transmitters for transferring power to a 
load that has both reactance and resistance. 

In circuits A and B the coupling between the 
primary and secondary coils usually is "tight" 
— that is, the coefficient of coupling between 
the coils is large. With tight coupling either 
circuit operates much 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. Any resist-
ance in the circuit to which the untuned coil is 
connected is coupled into the tuned circuit in 
proportion to the mutual inductance. This 
"coupled" resistance increases the effective 
series resistance of the tuned circuit, thereby 
lowering its Q and selectivity. If the circuit to 
which the untuned coil is connected has react-
ance, a certain amount of reactance will be 
"coupled in" to the tuned circuit. The coupled 
reactance makes it necessary to readjust the 
tuning whenever the coupling is changed, 
because coupled reactance tunes the circuit 
just as the actual coil and condenser reactance 
does. 

These circuits may be used for impedance 
matching by adjusting the mutual inductance 
between the coils. This can be done by vary-
ing the coupling, changing the number of turns 
in the untuned coil, or both. The parallel im-
pedance of the tuned circuit is affected by the 
coupled-in resistance in the same way as it 
would be by a corresponding increase in the 
actual series resistance. The larger the value 
of coupled-in resistance the lower the parallel 
impedance. By proper choice of the number of 
turns on the untuned coil, and by adjustment 
of the coupling, the parallel impedance of the 
tuned circuit may be adjusted to the value 
required for the proper operation of the device 
to which it is connected. 

(A) 

(B) 

(C) 

Fig. 2-43— Types of inductively-coupled circuits. In A 
and B, one circuit is tuned, the other untuned. C shows 
the method of coupling between two tuned circuits. 

Coupled Resonant Circuits 

When the primary and secondary circuits 
are both tuned, as in Fig. 2-43C, 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 two are then coupled, 
the secondary will couple resistance into the 
primary, causing its parallel impedance to 
decrease. 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 continues 
to decrease. Also, as the coupling is made 
tighter the amount of power transferred from 
the primary to the secondary will increase — 
but only up to a certain point. The power 
transfer becomes maximum at a "critical" 
value of coupling, but then decreases if the 
coupling is tightened beyond the critical point. 
At critical coupling, the resistance coupled 
into the primary circuit is equal to the re-
sistece of the primary itself. This represents 
the matched-impedance condition and gives 
maximum power transfer. 

Critical coupling is a function of the Qs of 
the two circuits taken independently. A higher 
coefficient of coupling is required to reach crit-
ical coupling when the Qs are low; if the Qs 
are high, as in receiving applications, a cou-
pling coefficient of a few per cent may give 
critical coupling. 
With loaded circuits it is not impossible for 

the Q to reach such low values that critical 
coupling cannot be obtained even with the 
highest practicable coefficient of coupling (coils 
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D 

FREQUENCY 

Fig. 2-44 — Showing the effect on the output voltage 
from, the secondary 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. 

as physically close as possible). In such case 
the only way to secure sufficient coupling is to 
increase the Q of one or both of the coupled 
circuits. This can be done either by decreasing 
the L/C ratio or by tapping the load down on 
the secondary coil. If the load resistance is 
known beforehand, the circuits may be de-
signed for a Q in the vicinity of 10 or so with 
assurance that sufficient coupling will be avail-
able; if unknown, the proper Qs can be deter-
mined by experiment. 

Selectivity 

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

In Fig. 2-43C, 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 cir-
cuits — if the coupling is below critical and 
both circuits are tuned to resonance. The Qs 
of the individual circuits are affected by the 
degree of coupling, because each couples re-
sistance into the other; the tighter the cou-
pling, the lower the individual Qs and there-
fore 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. 2-44 as the coupling 
is varied. At loose coupling, A, the output volt-
age (across the secondary circuit) is small and 
the selectivity is high. As the coupling is in-
creased the secondary voltage also increases 
until critical coupling, B, is reached. At this 
point the output voltage at the resonant fre-
quency 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. 
Resonance curves such as those at C and D 

are called flat-topped because the output volt-
age 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 
voltage at critical coupling. These humps are 
caused by the fact that at frequencies off reso-
nance the secondary circuit is reactive and 
couples reactance as well as resistance into 
the primary. The coupled resistance decreases 
off resonance and the humps represent a new 
condition of impedance matching — at a fre-
quency to which the primary is detuned by 
the coupled-in reactance from the secondary. 
When the two circuits are tuned to slightly 

different frequencies a double-humped reso-
nance curve results even though the coupling 
is below critical. This is to be expected, because 
each circuit will respond best to the frequency 
to which it is tuned. Tuning of this type is 
called stagger tuning, and often is used when 
substantially uniform response over a wide 
band of frequencies is desired. 

Link Coupling 

A modification of inductive coupling, called 
link coupling, is shown in Fig. 2-45. 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 
inductance. The total mutual inductance be-
tween 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 induc-
tive coupling would be impracticable for con-
structional reasons. It finds wide use in trans-
mitters, for example. 

Input 

Fig. 2-45 — Link coupling. The mutual inductances at 
both ends of the link are equivalent to mutual induc-
tance between the tuned circuits, and serve the same 
purpose. 

The link coils usually have a small number 
of turns compared with the resonant-circuit 
coils. The number of turns is not greatly im-
portant, 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 number 
of turns. The length of the link between the 
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coils is not critical if it is very small compared 
with the wavelength; if the length becomes an 
appreciable fraction of a wavelength the link 
operates more as a transmission line than as a 
means for providing mutual inductance. In 
such case it should be treated by the methods 
described in Chapter Ten. 

Piezoelectric Crystals 

A number of crystalline substances found in 
nature have the ability to transform mechani-
cal strain into an electrical charge, and vice 
versa. This property is known as piezoelec-
tricity. 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. Con-
versely, if the crystal is squeezed between two 
electrodes a voltage will develop between the 
electrodes. 

Piezoelectric crystals can be used to trans-
form 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 voltages of corresponding fre-
quency. They are also used in headsets and 
loudspeakers, transforming electrical energy 
into mechanical vibration. Crystal plates for 
these purposes are cut from large crystals of 
Rochelle salts. 

Crystalline plates also are mechanical vi-
bratorsihat have natural frequencies of vibra-
tion 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. Such a 
crystal is, in fact, the mechanical counterpart 
of an electrical tuned circuit; its resonant 
frequency is the natural frequency of the 
mechanical vibration. Because of the piezoelec-
tric effect, the crystal plate can be coupled to 
an electrical circuit and made to substitute for 

Fig. 2-46 — Equivalent circuit 
of a crystal resonator. L, 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. 

a coil-and-condenser resonant circuit. The 
thing that makes crystals valuable 88 "resona-
tors" is the fact that they have extremely high 
Q, ranging from 5 to 10 times the Qs obtainable 
with LC resonant circuits. 

Analogies can be drawn between various 
mechanical properties of the crystal and the 
electrical 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 condenser constructed of two plates 
with a dielectric between. The crystal itself is 
an equivalent to a series-resonant circuit, and 
together with the capacitance of the electrodes 
forms the equivalent circuit shown in Fig. 2-46. 
The equivalent inductance of the crystal is 
extremely large and the series capacitance, C, 
is correspondingly low; this is the reason for 
the high Q of a crystal. The electrode capaci-
tance, Ch, 18 so very large compared with the 
series capacitance of the crystal that it has only 
a very small effect on the resonant frequency. 
It will be realized, also, that because Ch is so 
large compared with C the electrical coupling 
to the crystal is quite loose.. 

Crystal plates for use as resonators in radio-
frequency circuits are almost always cut from 
quartz crystals, because quartz is by far the 
most suitable material for this purpose. Quartz 
crystals are used as resonators in receivers, to 
give highly-selective reception, and as fre-
quency-controlling elements in transmitters. 

Practical Circuit Details 
e 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 current into an alternating current (and 
sometimes the reverse) at frequencies varying 
from ones well down in the audio range to well 
up in the superhigh range. The conversion 
process almost invariably requires that the 
direct and alternating currents meet some-
where 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. 2-47. It is easier, though, to think of them 

separately and to consider that the alternating 
current is superimposed on the direct current. 
Thus we look upon the actual current as 
having two components, one d.c. and the 
other a.c. 

If the alternating current is a sine wave, its 
positive and negative alternations have the 
same maximum amplitude. When the wave is 
superimposed on a direct current the latter is 
alternately increased and decreased by the 
same 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 
sine-wave 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 
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TIME 

Fig. 2-47 — Pulsat-
ing current, com-
posed of an alter-
nating current or 
voltage superim-
posed on a steady 
direct current or 
voltage. 

varies as the square of the instantaneous value 
of the current, so more power is added to the 
circuit on the half-cycle of the a.c. wave that 
increases the instantaneous current than is 
subtracted on the half-cycle that decreases it. 
If the peak value of the alternating current is 
just equal to the direct current, the average 
power in the circuit is 1.5 times the power in 
the direct current alone. 

In many circuits, also, we may have two 
alternating currents of different frequencies; 
for example, an audio frequency and a radio 
frequency may be combined in the same cir-
cuit. 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. 2-48 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 out-
line; 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 generator of the a.c. The 
mechanism of tube operation is described in 
the next chapter.) In this case, we have as-
sumed that the a.c. is at radio frequency, as 
suggested by the coil-and-condenser tuned 
circuit. We also assume that r.f. current can 
easily flow through the d.c. supply; that is, 
the impedance of the supply at radio fre-
quencies 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. tuned circuit 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 condenser, C, 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 gen-
erated by the tube can easily flow through C 
to the tuned circuit because the capacitance 

of C is intentionally chosen to have low react-
ance (compared with the impedance of the 
tuned circuit) at the radio frequency. The r.f. 
current cannot flow through the d.c. supply 
because the inductance of RFC is intentionally 
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 appreciPble 
effect on the flow of direct current. The two 
currents are thus in parallel, hence the name 
parallel feed. 
Both types of feed are in use. They 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 
(the blocking condenser prevents that); this 
is a desirable feature from the viewpoint of 
safety to the operator, because the voltages ap-
plied to tubes — particularly transmitting 
tubes — are dangerous to human beings. On 
the other hand, it is somewhat difficult to 
make an r.f. choke work well over a wide 
range of frequencies. Series feed is usually pre-
ferred, therefore, 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 impedance at radio frequencies. This is 
not likely to be true in a practical power supply 
— if for no other reason than that 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 con-
sidered a really "low-impedance" connection. 
To get around this, an actual circuit would 

be provided with a by-pass condenser, as 
shown in Fig. 2-49. Condenser 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. (The condenser will 
be an open circuit for the d.c. voltage across 
which it is connected, of course.) Since con-
denser C offers a low-impedance path, the r.f. 
current will tend to flow through it rather than 
through the d.c. supply; thus the current is 
confined to a known path rather than one of 
dubious impedance through the power supply. 

SERIES FEED PARALLEL FEED 
Fig. 2-48 — Illustrating series arel parallel feed. 



56 CHAPTER 2 
To be effective, a by-pass should have very 

low impedance compared to the impedance 
of the circuit element around which it is sup-
posed to shunt the current. The reactance of 
the condenser should not be more than one-
tenth of the impedance of the by-passed part 
of the circuit. Very often the latter impedance 
is not known, in which case it is desirable to 
use the largest capacitance in the by-pass that 
circumstances permit. To make doubly sure 
that r.f. current will not flow through a non-
rd. circuit such as a power supply, an r.f. 
choke may be connected in the lead to the 
latter, as shown in Fig. 2-49. The choke, having 
high reactance, will prevent the r.f. from going 
where it is not wanted and thereby ensure 
that it goes where it is wanted — i.e., through 
the by-pass condenser. 

Fig. 2-49 — Typical 
use of a by-pass con-
denser in a series-feed 
circuit. 

4.0 

The use of a by-pass condenser is not con-
fined only to circuits where r.f. is to be kept 
out of a d.c. source. The same type of by-
passing is used when audio frequencies are 
present in addition to r.f. Because the react-
ance of a condenser changes with frequency, 
it is readily possible to choose a capacitance 
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 
pfd. is practically a short-circuit for r.f., for 
example, but is almost an open circuit at 
audio frequencies. (The actual value of capaci-
tance that is usable will be modified by the 
impedances concerned.) 

By-pass condensers also are used in audio-
frequency circuits, to carry the audio fre-
quencies around a d.c. supply. In this case a 
capacitance of several microfarads is needed 
if the reactance is to be low enough at the 
lower audio frequencies. 

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. 
Unfortunately, this is not strictly true. There 
is always a certain amount of inductance in a 
conductor of any length, and since a condenser 
is made up of conductors it is bound to have a 
little inductance in addition to its intended 
capacitance. Also, there is always capacitance 

between two conductors or between parts of 
the same conductor, and so we find that 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 
condenser is a tuned circuit, resonant at the 
frequency where its capacitance and distrib-
uted inductance have the same reactance. 
The same thing is true of a coil and its dis-
tributed capacitance. 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 poifits, the coil and condenser act 
like self-tuned circuits. Above resonance, the 
condenser acts like an inductance and the coil 
acts like a condenser. If we want our circuit 
components to behave properly, they must 
always be used at frequencies well on the low 
side of their natural resonances. 

Because of these effects, there is a limit to 
the amount of capacitance that can be used 
at a given frequency. There is a similar limit 
to the inductance that can be used. At audio 
frequencies, capacitances measured in micro-
farads 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 
appreciated 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. That is why you 
will find, in the circuits described later in this 
Handbook, by-pass condenser capacitances and 
r.f.-choke inductances that may look rather 
small — considering that, theoretically, a 
larger condenser or larger coil should be even 
more effective at its job. 

Grounds 

Throughout this book you will find frequent 
references 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 connec-
tions are used). What it means, more often, is 
that an actual earth connection 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 
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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 circuits connected to 
the tube elements have at least one point con-
nected to cathode, these points also are "re-
turned to ground." 
"Ground" is therefore a common reference 

point in the circuit. In circuit diagrams, it is 
customary (for the sake of making the dia-
grams easier to read) to show such common 
connections by the ground symbol rather than 
by showing a large number of wires all con-
nected together. 
"Ground potential" means that there is no 

"difference of potential" — that is, no volt-
age — between the circuit point and the earth. 
A direct earth connection at such a point would 
cause no disturbance to the operation of the 
circuit. 

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 of the circuit is 
connected to ground, so that the circuit has 
two ends each at the same voltage "above" 
ground. A balanced circuit also is called a 
"symmetrical" circuit. 

Typical single-ended and balanced circuits 
are shown in Fig. 2-50. R.f. circuits are shown 
in the upper line, while iron-core transformers 
(such as are used in power-supply and audio 
circuits) are shown in the lower line. 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 — 
that is, one having two identical sets of stator 
and rotor plates with the rotor plates on the 
same shaft — and connecting the condenser 
rotor to ground. In the iron-core transformer, 
one or both windings may be tapped at the 
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 centèr point is "cold" — that is, at 
ground potential. The applications of both 
types of circuits are discussed in later chapters. 

Nonlinear Circuits; Beats 

The circuits that have been discussed in this 
chapter are, essentially, ones obeying Ohm's 
Law. That is, an increase or decrease of the ap-
plied voltage causes an exactly proportional in-
crease or decrease in current. (This neglects rela-
tively minor effects such as the temperature rise 
and consequent change in resistance of conduc-
tors with increasing current, etc.) However, many 
devices (such as vacuum tubes under some condi-
tions of operation) do not obey any such straight-
forward rules. There may be no current flow at 

all with an applied voltage of one polarity, but 
the current may be large if the polarity of the 
voltage is reversed. Also, the current may increase 
with increasing voltage up to a certain point and 
then stay at a fixed value no matter how much 
more the voltage is raised. Such devices, and the 
circuits in which they are used, are called non-
linear. 
One important result of nonlinearity is the 

behavior of the circuit when two or more 
alternating currents of different frequencies 
are flowing in it. In a normal circuit, the two 
frequencies will have no particular effect on 
each other. However, if two (or more) alternat-
ing currents of different frequencies are pres-
ent in a nonlinear circuit, additional currents 
having frequencies equal to the sum, and 
difference, of the original frequencies will be 
set up. These sum and difference frequencies 
are called the beat frequencies. For example, 
if frequencies of 2000 and 3000 kc. are present 
in a normal circuit only those two frequencies 
exist, but if they are passed through a non-
linear circuit there will be present in the out-
put not only the two original frequencies of 
2000 and 3000 ke. but also currents of 1000 
(3000 — 2000) and 5000 (3000 2000) ke. 
Suitable circuits can be used to select the 
desired beat frequency. 

SINGLE- ENDED BALANCED 

E 
SINGLE-ENDED BALANCED OUTPUT 
Fig. 2-50 — Single-ended and balanced circuits. 

Beat frequencies are generated, and used 
to advantage, in very many radio circuits. 
For example, all of our modern reception 
methods are based on the use of beat frequen-
cies. 

Shielding 

Two circuits that are physically near each 
other usually will be coupled to each other in 
some degree even though no coupling is in-
tended. 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 
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prevented if the circuits are to work properly. 
Capacitive coupling may readily be pre-

vented by enclosing one or both of the circuits 
in grounded low-resistance metallic containers, 
called shields. The electric field from the 
circuit components does not penetrate the 
shield, because the lines of force are short-
circuited by the metal. A metallic plate, called 
a baffle shield, inserted between two compo-
nents also may suffice to prevent electrostatic 
coupling between them. Very little of the field 
tends to bend around such a shield if it is large 
enough to make the components invisible to 
each other. 

Similar metallic shielding is used at radio 
frequencies to prevent magnetic coupling. In 
this case the magnetic field induces a current 
in the shield; this current in turn sets up its 
own magnetic field opposing the original field. 
The amount of current induced is propor-
tional to the frequency and also to the conduc-
tivity of the shield; therefore 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 shield-
ing, although it will give partial shielding if 
placed at right angles to the axes of, as well as 

between, the two coils to be shielded from 
each other. 

Shielding a coil reduces its inductance, 
because part of its field is canceled. 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 re-
duction 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 inductance 
and Q. Copper is the best material, but alumi-
num is quite satisfactory. 

At low (audio) frequencies this type of mag-
netic shielding does not work, because the 
current induced in the shield is too small. For 
good shielding at audio frequencies it is neces-
sary to enclose the coil in a container of high-
permeability iron or steel. This provides a 
much better path for the magnetic flux than 
air — so much so that most of the stray flux 
stays in the iron in preference to spreading 
out in the space around the coil. In this case 
the shield can be quite close to the coil with-
out harming its performance. 
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Vacuum-Tube Principles 
Present-day methods of radio communica-

tion rely heavily on the vacuum tube. The tube 
is used to generate radio-frequency power, to 
amplify it in transmitters, to amplify and de-
tect weak radio signals picked up from distant 
stations, to magnify the human voice, to 
change alternating current into direct current 
for power supplies — in fact, to do innumer-
able things that, without it, could not be done. 
An understanding of vacuum-tube principles 
is just as necessary to the radio amateur as an 
understanding of the circuit principles dis-
cussed in Chapter Two. 

In this chapter we shall confine ourselves to 
the fundamentals of vacuum-tube operation. 
The special circuits and special types of tubes 

that find application in amateur radio will be 
taken up in later chapters. 
The operation of vacuum tubes can be pre-

dieted mathematically, just as the operation 
of circuits can be predicted from mathematical 
formulas. It happens, though, that the ama-
teur rarely has need to perform any calcula-
tions in connection with vacuum tubes, other 
than simple ones having to do with the power 
supplies for the tube elements. These are 
straightforward applications of Ohm's Law. 
Tube manufacturers invariably supply sets of 
data that give optimum operating conditions 
for their tubes, and thus save any need for 
calculation. What you need, to get the most 
out of your tubes, is mostly a picture of how 
they work. 

Diodes and Rectification 

• 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. It will be recalled from 
Chapter Two that electrons are particles of 
negative electricity. Free electrons in an evac-
uated space therefore can be attracted to a 
positively-charged object within the same 
space, or can be repelled by a negatively-charged 
object. The movement of the electrons under 
the attraction or repulsion of such charged 
objects constitutes the current in the vacuum. 
The most practical way to introduce a 

sufficiently-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 immediate vicinity, forming a "cloud" 
about the cathode. The reason for this is that 

the electrons in the space, being negative elec-
tricity, form a negative charge (space charge) 
in the region of the cathode. The negatively-
charged space repels those electrons nearest 
tha 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 with 
respect to the cathode, electrons in the space 
will be attracted to the positively-charged con-
ductor. The conductor can be given the 
requisite charge by connecting a source of 
e.m.f. between it and the cathode, as indicated 
in Fig. 3-1. The electrons emitted by the 
cathode and attracted to the positively-
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charged conductor then Constitute an electric 
current, with the circuit completed through the 
source of e.m.f. In Fig. 3-1 this e.m.f. is sup-
plied by a battery ("B" battery); a second bat-
tery ("A" battery) is also indicated for heating 
the cathode or filament to the proper operating 
temperature. 

Direction 
of flow 

Positive 
Hof plate 

filament 

,Lj i_I..-, + 

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

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 fila-
ment 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 in the vacuum. The 
vacuum tube therefore can conduct only in 
one direction. 

Cathodes 

Before electron emission can occur, the 
cathode must be heated to a high tem-
perature. The only satisfactory way to 
heat it is by electricity. However, it is 
not essential that the heating current 
flow through the actual metal that does 
the emitting. The filament or heater 
can be electrically separate from the 
emitting cathode, and very many tubes 
are built that way. Such a cathode is 
called indirectly heated, while an emit-
ting filament is called directly heated. 
Fig. 3-2 shows both types in the forms 
in which they are commonly used. 

Obviously, the cathode should emit 
as many electrons as possible with the 
least possible heating power. A plain 
metal cathode is quite inefficient in this 
respect. Much greater electron emission 
can be obtained, at relatively low tern-

(A) 

peratures, by using special cathode materials. 
One of these is thoriated tungsten, or tungsten 
in which thorium is dissolved. Still greater 
efficiency is achieved in the oxide-coated 
cathode, 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 receiving-type tubes and to the 
smaller varieties of transmitting tubes. The 
thoriated filament, on the other hand, will 
operate well in high-voltage tubes and is 
therefore found in most of the transmitting 
types used by amateurs. 

Plate Current 

The number of electrons attracted to the 
plate depends upon the strength of the posi-
tive charge on the plate —,that is, on the 
amount of voltage between the cathode and 
plate. The electron current — called the plate 
current — increases as the plate voltage is 
increased (although the relationship is not the 
simple proportionality of Ohm's Law). Actu-
ally, this statement is true only up to a certain 
point; if the plate voltage is made high 
enough, all the electrons emitted by the cath-
ode would be attracted to the plate. Obvi-
ously, when this occurs, a further increase in 
plate voltage cannot cause an increase in plate 
current. 

Fig. 3-3 shows a typical plot of plate current 
with increasing plate voltage for a two-element 
tube or diode. A curve of this type can be 
obtained with the circuit shown, if the plate 
voltage can be increased in small steps and 
a current reading taken (by means of the 
current-indicating instrument — a "milliam-
meter") at each voltage. The plate current is 
zero with no plate voltage and the curve rises 
almost in a straight line until a "saturation 
point" is reached. This is_where the positive 

(B) (C) (D) (E) 
Fig. 3-2 — Types of cathode construction. Directly-heated 
cathodes or filaments are shown at A, B, 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. 
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\Saturation 
Point 

Increase 

Plate Vol tage 

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. 

charge on the plate has completely overcome 
the space charge and practically all the elec-
trons are going to the plate. At any higher 
voltages the plate current stays at the same 
value. 
The curve of Fig. 3-3 does not show actual 

values of plate voltage and plate current, 
since these will vary with the type of tube. The 
shape of the curve, however, is typical of all 
diodes. 
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 surround-
ing air. 

is, during the half-cycle when the upper 
end of the transformer winding is pos-
itive. During the negative half-cycle 
there is simply a gap in the current flow. 
This rectified alternating current there-
fore is an intermittent direct current. 
(The "humps" in the output current 
may be smoothed out by a "filter." 
A filter uses inductance and capacitance 
to store up energy during the time that 
current flows through the diode, energy 
that is then released to the circuit dur-
ing the period when the diode is non-

conducting. Filters of this type are discussed 
in later chapters.) 
The load resistor, R, represents the actual 

circuit in which the rectified alternating cur-
rent 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; 

Fig. 34 — 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. 

• 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 

• TRIODES 

Current 

n  
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 appear as a drop across the load rather 
than as a drop between the plate and cathode 
of the diode. That is, the "resistance" of the 
tube should be small compared to the resist-
ance of the load. 

Notice that, 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 elements are reversed, 
the direction of rectified current flow also will 
be reversed through the load. 

Vacuum-Tube Amplifiers 

Grid Control 

It was shown in Fig. 3-3 that, within the 
normal operating range of a tube, the plate 
current will increase when the plate voltage 

is increased. The reason why all the electrons 
are not drawn to the plate when a small posi-
tive voltage is placed on it is that trie space 
charge (which is negative) counteracts the 
effect of the positive charge on the plate. The 
higher the positive plate voltage, the more 
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Fig. 3-5 — Construction of an 
elementary triode vacuum tube, 
showing the filament, grid (with 
an end view of the grid wires) and 
plate. The relative density of the 
space charge is indicated roughly 
by the dot density. 

effectively the space charge is overcome. 
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 
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. Electrons then can go through 
the open spaces in the grid and to the plate. 

Characteristic Curves 

For any particular tube, the effect of the 
grid voltage on the plate current can be shown 
by a set of characteristic curves. A typical set 
of curves is shown in Fig. 3-6, together with 
the circuit that is used for getting them. With 
several fixed values of plate voltage .(in these 
curves, the plate voltage is increased in 50-
volt steps, starting at 100 volts) the grid volt-
age is varied in small steps and a plate-current 
reading taken at each value of grid voltage. 
The curves show the result. In Fig. 3-6, the 
grid voltage is varied between 
zero and 25 volts negative with 
respect to the cathode. It can be 
seen that, for each value of plate 
voltage, there is a value of nega-
tive grid voltage that will reduce 
the plate current to zero; that is, 
there is a value of negative grid 
voltage that will cut off the plate 
current. 
The curves could be extended 

by making the grid voltage posi-
tive as well as negative. The prac-
tical effect would be to lengthen 
each of the curves upward along 
the same line. However, in some 
types of operation the grid is 
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always kept negative with respect to the cath-
ode, and the particular tube used as an illustra-
tion happens to be one that normally would be 
used that way. Whenever the grid is negative, 
it repels electrons and therefore none of them 
reaches it; in other words, no current flows in 
the grid circuit. 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 
there is no current and therefore 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 cur-
rent 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; that is, the genera-
tion of a large voltage by a small one, or the 
generation of a relatively large amount of 
power from a small amount. The many uses of 
the electronic tube nearly all are based upon 
this amplifying feature. The amplified power or 
voltage output from the tube 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 
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 

-25 -20 - 5 -10 -5 
G id Voltage 

Fig 3-6 — Grid-voltage-vs.-plate-current curves at various fixed values 
of plate voltage (&) for a typical small triode. Characteristic curves of 
this type can be taken by varying the battery voltages in the circuit 
at the right. 
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to have a high amplification factor. Amplifica-
tion factor is commonly designated by the 
Greek letter g. An amplification factor of 20, 
for example, means this: if the grid voltage is 
changed by 1 volt, the effect on the plate 
current will be the same as when the plate 
voltage is changed by 20 volts. The amplifi-
cation factors of triode tubes range from 3 to 
something of the order of 100. A high-g tube 
is one with an amplification factor of perhaps 
30 or more; medium-g tubes have amplifica-
tion factors in the approximate range 8 to 30, 
and low-g tubes in the range below 7 or 8. 

It would be natural to think that a tube 
that has a large g would be the best amplifier, 
but such is not necessarily the case. If the g 
is high 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. Whether or 
not a high-g tube is better than one with a low 
g depends on the operation we want the tube 
to perform. 
The best all-around indication of the effec-

tiveness of the tube as an amplifier is its trans-
conductance — also called mutual conduct-
ance. This characteristic takes account of both 
amplification factor and plate resistance, and 
therefore is a sort of figure of merit for the 
tube. Actually, transconductance 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 
equal to 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 rang-
ing from a few hundred to several thousand. 
The higher the transconductance the greater 
the possible amplification. 

• AMPLIFICATION 
To understand amplification, it is first nec-

essary to become acquainted with a type of 
graph called the dynamic characteristic. Such 
a graph, together with the circuit used for ob-
taining 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 there is a load resistance con-
nected in series with the plate of the tube in 
Fig. 3-7, while there is none in Fig. 3-6. Fig. 

3-7 thtts shows how the plate current will vary, 
with different grid voltages, when the plate 
current is made to flow through a load and thus 
do useful work. 
The several curves in Fig. 3-7 are for various 

values of load resistance. The effect of the 
amount of load resistance is worth noting. 
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 
160,000-ohm curve), the change in plate 
current for the same grid-voltage change is 
relatively small, so the curve tends to be 
straighter. 

Going now to Fig. 3-8, we have 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 

20 

16 

16 

14 

12 -4 

3 
e 21 

-15 - 10 

Grld Volrage 

Fig. 3-7 — Dynamic characteristics of a small triode 
with various load resistances from 5000 to 100,000 ohms. 

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. 
Now 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 instantane-
ous 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 
current will occur at the instant the grid volt-
age is —3 volts. As shown by the graph, it will 
have a value of 2.65 milliamperes. The mini-
mum 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, in-
termediate plate-current values will occur. 
The instantaneous voltage between the plate 

and cathode of the tube also is shown on the 
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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 drop appears across the load, lip, as 
shown by the dashed curve, Ep. 1p is the plate current. 

graph. When the plate current is maximum, 
the instantaneous voltage drop in Rp is 50,000 
X 9.00265 = 132.5 volts; when the plate cur-
rent is minimum the instantaneous voltage 
drop in Rp is 50,000 X 0.00135 = 67.5 volts. 
The actual voltage between plate and cathode 
is the difference between the plate-supply 
potential, 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 
potential of 200 volts (as previously determined 
for no-signal conditions). The peak value of 
this a.c. output voltage is the difference be-
tween either the maximum or minimum plate-
cathode voltage and the no-signal value of 200 
volts. In the illustration this difference is 
232.5 — 200 or 200 — 167.5; that is, 32.5 
volts in either case. Since the grid signal volt-
age 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 cir-
cuit as is applied to the grid circuit. 
One feature of the alternating component of 

plate voltage is worth special note. As shown 
by the drawings in Fig. 3-8, the positive swing 
in the grid signal voltage is accompanied by 
a downward swing in the voltage (Ep) between 
the plate and cathode of the tube. Also, when 
the alternating grid voltage swings in the 
negative direction, the plate-to-cathode voltage 
swings to a higher value. In other words, the 

alternating component of the plate voltage 
swings in the negative direction (with reference 
to the no-signal value of plate-cathode volt-
age) when the grid swings in the positive direc-
tion, and vice versa. This means that the alter-
nating component of plate voltage (that is, 
the amplified signal) is 180 degrees out of 
phase with the signal voltage on the grid. 

Bias 

The fixed negative grid voltage (called grid 
bias) in Fig. 3-8 serves a very useful purpose. 
In the first place, one of the things we want 
to do in the type of amplification shown in 
this drawing is to obtain, from the plate cir-
cuit, an alternating voltage that has the same 
waveshape as the signal voltage applied to the 
grid. To do so, we must choose an operating 
point on the straight part of the curve; not only 
that, the curve must be straight in both direc-
tions 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 will be distorted. 
The second reason for using negative grid 

bias is this: The grid will not attract electrons 
— that is, there will be no grid current — if 
the grid is always negative with respect to the 
cathode. When the grid has a negative bias, 
any signal whose peak positive voltage does not 
exceed the fixed negative voltage on the grid can-
not cause grid current to flow. With no current 
flow there is no power consumption, so the 
tube will amplify without taking any power 
from the signal source. However, if the positive 
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Fig. 3-9 — Harmonic distortion resulting from choice 
of an operating point on the curved part of the tube 
characteristic. The lower half-cycle of plate current does 
not have the same shape as the upper half-cycle. 
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peak of the signal does exceed the negative 
bias, current will flow in the grid circuit during 
the time the grid is positive. While it is per-
fectly possible to operate the tube in the 
"positive-grid region," in many cases we do 
not want the grid to consume power. 

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 Chapter Two, a 
complex wave can be resolved into a funda-
mental and a series of harmonics. In other 
words, distortion from nonlinearity causes the 
generation of harmonic frequencies — fre-
quencies that are not present in the signal 
applied to the grid. Harmonic distortion is 
undesirable in most amplifiers, although there 
are occasions when harmonics are deliberately 
generated and used. This is particularly so in 
certain types of r.f. transmitting circuits. 

Amplifier Output Circuits 

The thing that is wanted from the output 
circuit 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, of course, for the tube's 
operation. However, 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 transferred 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 trans-
former 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, Cc. The con-
denser "blocks off" the voltage on the plate of 
the first tube and prevents it from being ap-
plied to the grid of tube B. The latter tube 
should have negative grid bias, of course, and 
this is supplied by the battery shown. No cur-
rent 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 bat-
tery is applied to the grid of tube B. 
The grid resistor, R., usually has a rather 

high value (0.5 to 2 megohms). The reactance 
of the coupling condenser, Ce, must be low 
enough compared to the resistance of R. so 
that the a.c. voltage drop in Co is negligible at 
the lowest frequency to be amplified. If R. is 
at least 0.5 megohm, a 0.1-pfd. condenser will 
be amply large for the usual range of audio 
frequencies. 
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Fig. 3-10 — Three basic forms of coupling between 
vacuum-tube amplifiers. 

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 R. are effectively in parallel (although 
they are quite separate so far as d.c. is con-
cerned). The resultant parallel resistance of 
the two is therefore the actual load resistance 
for the tube. That is why R. is made as high 
in resistance as possible; then it will have the 
least effect on the load represented by Rp. 
The impedance-coupled circuit differs from 

that using resistance coupling only in the sub-
stitution of a high-inductance coil (usually 
several hundred henrys) for the plate resistor. 
The advantage of using an inductance rather 
than a resistor is that its impedance is high for 
alternating currents, but its resistance is 
relatively low for d.c. (A resistor, of course, 
has the same resistance for d.c. that it does for 
a.c.). It thus permits us to obtain a high value 
of load impedance for a.c., but 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 

transformer with its primary connected in the 
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plate circuit of the tube and its secondary con-
nected to the load (in the circuit shown, a fol-
lowing amplifier). There is no direct connec-
tion between the two windings, so the plate 
voltage on tube A is isolated from the grid of 
tube B. The transformer-coupled amplifier has 
the same advantage as the impedance-coupled 
circuit with respect to loss of voltage from the 
plate supply. There is an additional advantage 
as well: if the secondary has more turns than 
the primary, the output voltage will be 
"stepped up" in proportion to the turns ratio. 

All three circuits have good points. Re-
sistance coupling is simple, inexpensive, and 
will give the same amount of amplification — 
or voltage gain — over a wide range of fre-
quencies; it will give substantially the same 
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 transformer-coupled 
amplifier can be kept fairly constant over the 
audio-frequency range. On the other hand, 
transformer coupling 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. 

Voltage and Power Amplifiers 

In the preceding discussion of amplifiers we 
have talked chiefly about voltage gain. That 
is only part of the picture. The end result of 
any amplification is that the amplified signal 
does some work. As a familiar example, an 
audio-frequency amplifier usually drives a 
loudspeaker 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. 

In some amplifiers, therefore, power output 
rather than voltage is the primary considera-
tion. A tube is operated somewhat differently 
when we want the greatest possible power 
than it is when we want the largest possible 
voltage. It is chiefly a matter of the resistance 
of the load. It was mentioned in Chapter Two 
that any source of power will deliver the larg-
est possible output when the resistance of the 
load is equal to the internal resistance of the 
source. In the case of a vacuum tube, the 
"source" resistance is the plate resistance of 
the tube. Therefore if we want the utmost 
power from the tube the load resistance 
should be equal to the plate resistance of the 
tube. Actually, however, this is not the best 
operating condition because the use of such a 
relatively low value of load resistance gen-
erally results in more distortion than we want. 
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Fig. 3-11 — An elementary power-amplifier circuit in 
which the power-consuming load is coupled to the plate 
circuit through an impedance-matching transformer. 

For this reason the load resistance for a power 
amplifier usually is two or three times the 
plate resistance; this represents a good com-
promise between distortion and power output. 

Fig. 3-11 shows an elementary power-ampli-
fier circuit. It is simply a transformer-coupled 
amplifier with the load connected to the 
secondary. Although the load is shown as a 
resistor, it actually would be some device, 
such as a loudspeaker, that employs the 
power usefully. The resistance of the actual 
load is rarely the right value for "matching" 
the load resistance that the tube• wants for 
optimum power output. Therefore the trans-
former 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. 
About the only time that voltage rather 

than power is wanted is when a tube is work-
ing into a following amplifier, as in the circuits 
given in Fig. 3-10. Even then, this is only so 
when the grid of the second tube always 
operates in the negative-voltage region. If the 
signal applied to its grid is large enough to 
overcome the bias and make grid current flow, 
power is consumed and special methods are 
required for transferring maximum power 
rather than maximum voltage. There are, 
nevertheless, many useful applications for tube 
circuits intended tp deliver maximum voltage 
rather than maximum power. The chief dif-
ference is that the load resistance is made as 
high as possible for a voltage amplifier. This 
means that of the total voltage generated (part 
of which is lost in the plate resistance of the 
tube), the major portion will appear across the 
load resistance if the latter is large compared 
to the tube resistance. The amount of power 
that can be obtained under these conditions is 
small, but the voltage output is large. 

Resistance- and impedance-coupled ampli-
fiers are primarily voltage amplifiers, because 
neither type is capable of transferring power 
efficiently. For efficient power transfer the 
transformer is a practical necessity. 
The best triodes for power amplification are 

those having low and medium values of am-
plification factor. High-ji tubes make the best 
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voltage amplifiers, but have relatively little 
power output. These statements are true 
principally for amplifiers operating without 
grid current, which is the only type we have 
considered so far. Other types of operation are 
taken up in later chapters. A tube operated in 
the fashion we have described is called a Class 
A amplifier. 
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 A 
amplifier that is operating without grid cur-
rent, so such an amplifier has an infinitely 
large power-amplification ratio. Another term 
used in connection with power amplifiers is 
power sensitivity. It means the ratio of the 
power output to the grid signal voltage that 
causes it. A tube with high power sensitivity is 
one that will give a large power output with a 
relatively small signal voltage on its grid. 

Parallel and Push-Pull 

When it is necessary to obtain more power 
output than one tube is capable of giving, two 
or more 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 num-
ber 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 also 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 
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Fig. 3-12 — Parallel and push-pull a.f. amplifier circuits. 

instant the ends of the secondary winding of 
the input transformer, T1, will be at opposite 
polarity with respect to the cathode connec-
tion, 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. 

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 of course thoroughly 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 amplifier's output and apply 
it to a third, and so on. Each amplifier is called 
a stage, and a number of amplifier stages used 
to successively increase the amplitude of the 
signal are said to be in cascade. 
The number of amplifiers that can be con-

nected in cascade is not unlimited. If the over-
all amplification becomes too great, there is 
danger that some of the output voltage will get 
back into one of the early stages. This "feed-
back," discussed in . the next section, may 
make the amplifier unstable and prevent it 
from functioning as it should. 

le FEED-BACK 

As we have shown, there is more energy in 
the plate circuit of an amplifier than there is in 
the grid circuit. It is easily possible to take a 
part of the plate-circuit energy and insert it 
into the grid circuit. When this is done the 
amplifier is said to have feed-back. 

There are two types of feed-back. If the 
voltage that is inserted in the grid circuit 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 
regenerative. 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. 
With a smaller signal voltage, of course, the 
output also is smaller. The effect of negative 
feed-back, then, is to reduce the amount of 
amplification. 

Negative Feed-Back 

The circuit shown at A in Fig. 3-13 gives 
degenerative feed-back. Resistor R. is in 
series with the regular plate resistor, R,„ and 
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Fig. 3-13 — Circuits for producing feed-back. In A, 
part of the a.c. plate voltage appears across the cathode 
resistor, &, and is therefore also applied between grid 
and cathode. The feed-back is negative in this case. 
In B, the voltage that is generated in the secondary of 
the transformer is inserted in series in the grid circuit. 
Feed-back may be either positive or negative, depending 
upon the transformer connections. 

thus is a part of the load for the tube. There-
fore, part of the output voltage will appear 
across Ro. However, Ro also is connected in 
series with the grid circuit, and so the output 
voltage that appears across R., is in series with 
the signal voltage. In this circuit, the output 
voltage across Ro opposes the signal voltage 
and the actual a.c. voltage between the grid 
and cathode therefore is equal to the difference 
between the two voltages. 

While it would be natural to assume that 
there could be no point in reducing the am-
plification by negative feed-back, it does have 
uses. The greater the amount of negative feed-
back (when properly applied) the more inde-
pendent the amplification becomes of tube 
characteristics and circuit conditions. This 
means that the frequency-response characteris-
tic of the amplifier becomes flat — that is, 
amplification tends to be the same at all fre-
quencies within the range for which the ampli-
fier is designed. Also, any distortion generated 
in the plate circuit of the tube tends to "buck 
itself out" when some of the output voltage is 
fed back to the grid. Amplifiers with negative 
feed-back are therefore comparatively free of 
harmonic distortion. These advantages, se-
cured at the expense of voltage amplification, 
are worth while if the amplifier otherwise has 
enough gain for its intended use. 
The circuit shown at B in Fig. 3-13 can be 

used to give either negative or positive feed-
back. In this case the secondary of a trans-
former is connected back into the grid circuit 
to insert a desired amount of feed-back volt-
age. Reversing the terminals of either the 
primary or secondary of the transformer (but 
not both windings simultaneously) will reverse 
the phase of the voltage fed back. Thus either 
type of feed-back is available. 

Positive Feed-Back 

Positive feed-back increases the amplifica-
tion because the fed-back voltage adds to the 
original signal voltage and the resulting larger 
voltage on the grid causes a larger output 
voltage. It has the opposite characteristics to 
negative feed-back; the amplification tends to 
be greatest at one frequency (depending upon 
the particular circuit arrangement) and har-
monic distortion is increased. If the energy fed 
back becomes large enough, a self-sustaining 
oscillation will be set up at one frequency; in 
this case all the signal voltage on the grid is 
supplied from the plate circuit; no external 
signal is needed. It is not even necessary to 
have an external signal to start the oscillation; 
any small irregularity in the plate current — 
and there are always some such irregularities 
— will be amplified and thus give the oscilla-
tion an opportunity to build up. Oscillations 
obviously would be undesirable in an audio-
frequency amplifier, and for that reason (as 
well as the others mentioned above) positive 
feed-back is never used in a.f. amplifiers. Posi-
tive feed-back finds its use in "oscillators" at 
both audio and radio frequencies, as described 
in a subsequent section. 
The two circuits shown in Fig. 3-13 are only 

two of many that can be used to provide feed-
back. Despite differences in appearance, such 
circuits are alike in this fundamental — 
energy is fed back from the output circuit to 
the grid circuit in the proper phase to give the 
type of feed-back that is wanted. 

• INTERELECTRODE CAPACITANCES 
Each pair of elements in a tube actually 

forms a small "condenser," with each element 
acting as a condenser "plate." There are three 
such capacitances in a triode — that between 
the grid and cathode, that between the grid 
and plate, and that between the plate and 
cathode. The capacitances are very small — 
only a few micrornicrofarads at most — but 
they frequently have a very pronounced 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 am-
plifier are 180 degrees out of phase, using the 
cathode of the tube as a reference point. How-
ever, these two voltages are in phase if we go 
around the circuit from plate to grid as shown 
in Fig. 3-14. This means that their sum is act-
ing between the grid and plate; that is, across 
the grid-plate capacitance of the tube. When 
an a.c. voltage is applied to a condenser, a cur-
rent flows through the condenser. As viewed 
from the source of the signal on the grid, this 
current is flowing because of the signal voltage. 
The larger the current, the lower the effec-

tive reactance in the grid circuit. The larger the 
grid-plate capacitance the larger the current; 
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also, the greater the voltage amplification the 
larger the current, because this puts more 
voltage across the grid-plate condenser. The 
result is that the source of signal "sees" a 
capacitive reactance that is much smaller 
than the actual reactance of the capacitance 
between the grid and cathode. 

Since a small reactance is equivalent to a 
large capacitance, the input capacitance of an 
amplifier may be many times its actual grid-
cathode capacitance. In practice, the input 
capacitance of a triode may be as much as a 
few hundred micromicrofarads, particularly if 
the triode has a large amplification factor. 
Such a capacitance is not negligible, even at 
audio frequencies, when it is placed in parallel 
with a resistor of 50,000 ohms or more. 

Tube Capacitance at R.F. 

At radio frequencies the reactances of the 
interelectrode capacitances drop to such low 
values that they must always be taken into 
account in circuit design. A resistance-coupled 
amplifier cannot be used at r.f., for example, 
because the reactances of the interelectrode 
"condensers" are so low that they, and not the 
resistors, would be the actual load. Further-
more, they are so low that they practically 
short-circuit the input and output circuits and 
thus the tube is unable to amplify. We get 
around this at radio frequencies by using tuned 
circuits for the grid and plate, and making the 
tube capacitances part of the tuning capaci-
tances. In this way the circuits can have the 
high impedances necessary for satisfactory 
amplification. 

Ep 

Fig. 3-14 — The a.c. voltage appearing between the 
grid and plate of the amplifier is the sum of the signal 
voltage and the output voltage, as shown by this sim-
plified circuit. Instantaneous polarities are indicated. 

The grid-plate capacitance is important at 
radio frequencies because it is, in effect, a 
coupling condenser between the grid and plate 
circuits. 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 prac-
tically every case the feed-back is in the right 
phase and of sufficient amplitude to cause 
oscillation, so the amplifier becomes useless. 
Special circuits can be used to prevent feed-
back but they are, in general, not too satisfac-
tory when used in radio receivers. (They are, 
however, widely used in transmitters.) A 
better solution to this problem is found in the 
use of the screen-grid tube. 
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Fig. 3-15 — Represen-
tative arrangement of 
elements in a screen-
grid tube, with front part 
of plate and screen grid 
cut away. In this draw-
ing the 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. Some modern 
tubes that have both 
leads going through the 
base use special shield-
ing and construction to 
eliminate interlead ca-
pacitance. 

• SCREEN-GRID TUBES 
The grid-plate capacitance can be eliminated 

— or at least reduced to a negligible value — 
by inserting a second grid between the control 
grid and the plate, as indicated in Fig. 3-15. 
The second grid, called the screen grid, acts 
as a shield 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; a 
solid shield would entirely prevent the flow of 
plate current. The screen grid is usually 
grounded through a by-pass condenser that 
has low reactance at the radio frequency being 
amplified. 

Because of the shielding action of the screen 
grid, the plate voltage cannot control the flow 
of plate current as it does in a triode. In order 
to get electrons to the plate, it is necessary to 
apply a positive voltage (with respect to the 
cathode) to the screen. The screen then at-
tracts electrons much as does the plate in a 
triode tube. In traveling toward the screen the 
electrons acquire such velocity that most of 
them shoot between the screen wires and go on 
to the plate. A certain proportion do strike the 
screen, however, with the result that some 
current also flows to the screen-grid circuit of 
the tube. 
A tube having a cathode, control grid, 

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

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 
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Fig. 3-16 — Simplified pentode r.f.-amplifier circuit. LICI 
and L2C2 are tuned to the same frequency. 

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 emis-

sion, a third grid, called the suppressor grid, 
may be inserted between the screen and plate. 
This grid, which usually is connected directly 
to the cathode, repels the relatively low-
velocity secondary electrons. They are driven 
back to the plate without appreciably ob-
structing 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 essen-
tially the same way that it does in a triode. 
Consequently, the grid-plate transconductance 
(or mutual conductance) of a tetrode or pen-
tode will be of the same order of value as in a 
triode of corresponding structure. On the other 
hand, since the plate voltage has very little 
effect on the plate-current flow, both the am-
plification factor and plate resistance of a 
pentode or tetrode are very high. In small re-
ceiving 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 meg-
ohms. Because of the high plate resistance, the 
actual voltage amplification possible with a 
pentode is very much less than the large am-
plification factor might indicate. A voltage 
gain in the vicinity of 50 to 200 is typical of a 
pentode stage. 

Pentode R.F. Amplifier 

Fig. 3-16 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, 
MCI, when LiCI is tuned to resonance with the 
frequency of the incoming signal. The voltage 
that appears across LiC2 is applied to the grid 
and cathode of the tube and is amplified by the 
tube. A second resonant circuit, L2C2, is the 
load for the plate of the tube, its parallel im-
pedance 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 ob-
tained from a tap on the plate battery; most 
tubes are designed for operation with the 

CHAPTER 3 

screen voltage considerably lower than the 
2 plate voltage. In this circuit the batteries are 

assumed to have low impedance for the r.f. gl7 F'7)3utput current; in a practical circuit, by-pass con-
° densers would be used to make sure that the 

impedances of the return paths actually are 
low enough to be negligible. 

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 de-
signed for this purpose the shielding effect of 
the screen grid is not so important; the chief 
function of the screen is to serve as an ac-
celerator 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 to triodes of the 
same power output. Harmonic distortion is 
somewhat greater with pentodes and tetrodes 
than with triodes, however. 

Variable-ii Tubes 

The mutual conductance of a vacuum tube 
decreases with increasing negative grid bias, 
assuming that the other electrode voltages are 
held constant. Since the mutual conductance 
controls the amount of amplification, it is 
possible to adjust the gain of the amplifier by 
adjusting the grid bias. This method of gain 
control is universally used in radio-frequency 
amplifiers designed for receivers. Some means 
of controlling the r.f. gain is essential in a re-
ceiver having a number of amplifiers, because 
of the wide range in the strengths of the incom-
ing 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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Fig. 3-17 — Curves showing the relationship between 
mutual conductance and negative grid bias for two 
sniall receiving pentodes, one a sharp cut-off type and 
the other a variable-e. type. 
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negative bias is increased, as shown in Fig. 
3-17. The amount of signal voltage that such 
a tube can handle without causing distortion 
is quite limited, and not sufficient to take care 
of very strong signals. To overcome this, some 
tubes are made with a variable-a characteristic 
(that is, the amplification factor changes with 
the grid bias), resulting in the type of curve 
shown in Fig. 3-17. It is evident that the 
variable-a 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 far discussed, 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 common point, or 
meeting point, for the input and output cir-
cuits. However, since there are three elements 
(the screen and suppressor in a pentode ordi-
narily do not enter directly into the amplifying 
action) it is possible to use any one of the three 
as the common point. This leads to two differ-
ent kinds of amplifiers, commonly called the 
grounded-grid amplifier (or grid-separation 
circuit) and the cathode follower. 

These two circuits are shown in simplified 
form in Fig. 3-18. In both circuits the resistor 
R represents 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 frequencies, and so on. Also, in both 
circuits the batteries that supply grid bias and 
plate power are assumed to have such negligi-
ble impedance that they do not enter into the 
operation of the circuits. 

Grounded-Grid Amplifier 

In the grounded-grid amplifier the input sig-
nal 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 current (including the a.c. com-
ponent) has to flow through the signal source 
to reach the cathode. Since this source always 
has appreciable impedance, the alternating 
plate current causes a voltage drop that acts 
between the grid and cathode. Because of the 
phase relationship between the signal and out-
put voltages, the circuit is 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 of 
these two things is that the signal source is 
called upon to furnish a considerable amount 
of power. 
The grounded-grid amplifier finds its chief 

application at v.h.f. and u.h.f., where the 
more conventional amplifier circuit fails to 
work properly. With a triode tube designed for 

Fig. 3-18 — In the 
upper circuit, the 
grid is the junction 
point between the 
input and output 
circuits. In the 
lower drawing, the 
plate is the junc-
tion. In either case 
the out put is de-
veloped in the load 
resistor, 11, and 
may be coupled to 
a following ampli-
fier by the usual 
methods. 
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GROUNDED-GRID AMPLIFIER 

CATHODE- FOLLOWER 

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 applied between the grid and plate (assum-
ing 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 cir-
cuit to buck the applied signal. The input sig-
nal therefore has to be larger than the output 
voltage; in other words, the cathode follower 
not only gives no voltage gain but actually 
results in a loss in voltage. (It can still give 
just as much power gain as ever, though.) 
The cathode follower has two advantages: 

It has a very high input impedance (imped-
ance between grid and ground—in the custom-
ary cathode-follower circuit the plate is at 
ground for signal voltage); and its output 
impedance is very low. (The large amount of 
negative feed-back has the effect of greatly re-
ducing the plate resistance of the tube.) These 
two characteristics are valuable in an amplifier 
that must work over a very wide range of fre-
quencies. Also, the high input impedance and 
low output impedance can be used to obtain 
an impedance step-down over wide ranges of 
frequencies that could not possibly be covered 
by a transformer. The cathode follower is 
useful both at audio and radio frequencies. 

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

is powered by the a.c. line. This includes the 
filaments or heaters of vacuum tubes. Al-
though supplies for the plate (and sometimes 
the grid) are usually rectified and filtered to 
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give "pure" d.c. — that is, direct current that 
is constant and without a superimposed a.c. 
component — the relatively large currents re-
quired by filaments and heaters make a 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 
superimposed on the output. The voltage can 
get on the grid either by a direct circuit con-
nection, through the electric field about the 
heater, or through the magnetic field set up by 
the current. 
Hum troubles are worst with directly-

heated cathodes or filaments, because with 
such cathodes there has to be a direct connec-
tion between the source of heating 
power and the rest of the circuit. 
The hum can be minimized by 
either of the connections shown hi 
Fig. 3-19. In both cases the grid-
and plate-return circuits are con-
nected to the electrical midpoint 
(center-tap) of the filament supply. Grid 
Thus, so far as the grid and plate Return 
are concerned, the voltage and cur-
rent on one side of the filament are 
balanced by an equal and opposite 
voltage and current on the other 
side. This balances out the hum. 
The balance is never quite perfect, 
however, so filament-type tubes are 
never completely hum-free. For this reason 
directly-heated filaments are used chiefly in 
transmitting power tubes, where the amount 
of hum introduced is quite small in comparison 
to the power-output level. 

With indirectly-heated cathodes the source 
of heating power does not introduce hum by a 
direct connection. The chief problem with such 
tubes is the magnetic field set up by the heater. 
Occasionally, also, there is leakage between 
the heater and cathode; leakage that allows a 
small a.c. voltage to get to the grid. Both these 
things are principally a matter of tube design. 
However, it is found in practice that, if hum 
appears, grounding one side of the heater sup-
ply will help to reduce it. Sometimes better 
results are obtained if the heater supply is 
center-tapped and the center-tap grounded, 
as in Fig. 3-19. 

Cathode Bias 

In the simplified amplifier circuits discussed 
in this chapter, grid bias has been supplied by 
a battery. However, it is seldom obtained that 
way in an actual piece of equipment that op-
erates from the power line. Cathode bias is 
the type commonly used. 
The cathode-bias method uses a resistor con-

nected in series with the cathode, as shown at 
R in Fig. 3-20. 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 cur-
rent flows through R when the tube is ampli-
fying, the voltage drop caused by the a.c. will 
be degenerative (note the similarity between 
this circuit and that of Fig. 3-13A). To pre-
vent this the resistor is by-passed by a con-
denser, C, that has very low reactance com-
pared to the resistance of R. The capacitance 
required at C depends upon the value of R 
and the frequency being amplified. Depending 
on the type of tube and the particular kind of 
operation, R may be between about 250 and 
3000 ohms. For good by-passing at the low 
audio frequencies, C should be 10 to 50 micro-

(A) 

Plate 
Re turn 

Grid 
Return 

(13) 

Plate 
'Return 

Fig. 3-19 — Filament center-tapping methods for use with directly. 
heated tubes. 

farads (electrolytic condensers are used for 
this purpose). At radio frequencies, capaci-
tances of about 100 !Add. to 0.1 dd. 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 isfd. is satisfactory. 
The value of cathode resistor can easily be 

calculated from the known operating condi-
tions of the tube. The proper grid bias and 
plate current always are specified by the man-
ufacturer. 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 

R —E = —8 = 667 ohms. 
/ 0.012 

The nearest standard value, 080 ohms, would be 
close enough. The power used in the resistor is 

P = El = 8 X 0.012 = 0.096 watt. 

A 1i-watt or 3i-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. 
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Plata 
- Voltage 

Fig. 3-20 — Cath. 
ode biasing. R is 
the cathode resis-
tor and C is the 
cathode by-pass 
condenser. 

Hence these two currents must be added when 
calculating the value of cathode resistor re-
quired 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 ma. (0.011 amp.). The 
required resistance is 

R = —E = —3 = 272 ohms. 
/ 0.011 

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

P = El = 3 X 0.011 = 0.033 watt. 

The cathode resistor method of biasing is 
convenient because it avoids the use of bat-
teries or other source of fixed voltage. However, 
that is not its only advantage: it is also 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 cur-
rent at the proper value. For the same reason, 
the value of the cathode resistance is not highly 
critical. Cathode bias also avoids any tendency 
toward unwanted feed-back that might occur 
when a single fixed-bias source is used to 
furnish bias for several amplifiers. Even a very 
small a.c. voltage drop in the impedance of a 
bias source can cause oscillation (if the feed-
back is positive) or loss of gain (if the feed-
back is negative) when the voltage is applied 
to the first stage of amplification in an ampli-
fier having several stages, simply because the 
gain in a multistage amplifier is likely to be 
very large. 
The calculation of the bias resistor in a re-

sistance-coupled amplifier is not as easy as the 
examples above. This is because the actual 
voltages that should be used on the plate and 
grid are not ordinarily known. The difficulty 
is that the voltage drop in the plate resistor 
causes the actual voltage at the plate of the 
tube to be considerably less than the plate-
supply voltage, and the lower plate voltage 
requires a different value of bias than that 
given in the published operating conditions for 
the tube. The proper voltages can be found by 
a cut-and-try process from the tube character-
istic curves. However, representative data for 
the tubes commonly used as resistance-coupled 
amplifiers are given in Chapter Nine, including 
cathode-resistor values. 

Screen Supply 

In practical circuits using tetrodes and 
pentodes the voltage for the screen frequently 
is taken from the plate supply through a re-
sistor. A typical circuit for an r.f. amplifier is 
shown in Fig. 3-21. 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 R 
can be calculated from Ohm's Law. 

Example: An r.f. receiving pentode has 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 %- or 1-watt resistor would be satisfactory. 

The reactance of the screen by-pass con-
denser, C, should be low compared with the 
screen-to-cathode impedance. For radio-fre-
quency applications a capacitance of 0.01 pfd. 
is amply large. 

In some circuits the screen voltage is ob-
tained from a voltage divider connected across 
the plate supply. The design of voltage divid-
ers is discussed in Chapter Seven. 

• SPECIAL TUBE TYPES 
Beam Tubes 

'.'Beam tetrodes" are tetrode tubes con-
structed in such a way that the power sen-
sitivity is very high. Beam tubes are useful as 
both radio-frequency and audio-frequency 
power amplifiers, and are available in output 
ratings from a few watts up to several hundred 
watts. The grids in a beam tube are so con-
structed and aligned as to form the electrons 
traveling to the plate into concentrated beams. 
This makes it possible to draw large plate cur-
rents at relatively low plate voltages, and also 

Signal 

- Plate Voltage + 

Fig. 3-21— Screen-voltage supply for a pentode tube 
through a dropping resistor, R. The screen by-pass 
condenser, C, must have low enough reactance to bring 
the screen to ground potential fur the frequency or 
frequencies being amplified. 
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reduces the number of electrons that are cap-
tured by the screen. Additional design features 
overcome the effects of secondary emission, so 
that a suppressor grid is not needed. 
Beam tubes are used with the same circuits, 

and operated in t he same way, as conventional 
tetrodes and pq t odes. 

Multipurpose Tubes 

A number of " combination" tubes are avail-
able to perform more than one function, partic-
ularly 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 pen-
todes, converters and mixers (for superhetero-
dyne receivers), combination power tubes and 
rectifiers, and so on. In many cases the nature 
of the tubes so combined can be identified by 
the name given the composite structure. 

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 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 
rectifier 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 de-
liver large power outputs. 

Grid- Control Rectifiers 

If a grid is inserted in a mercury-vapor recti-
fier it is found that, with sufficient negative 
grid bias, it is possible to prevent plate current 
from flowing. However, this is true only if the 
bias is present ,before plate voltage is applied. 
If the bias is lowered to the point where plate 
current can flow, the mercury vapor will ionize 
and the grid will lose control of plate current, 
because the space charge disappears when 
ionization occurs. The grid can assume control 
again only after the plate voltage is reduced 
below the ionizing voltage. 
The same phenomenon also occurs in triodes 

filled with other gases that ionize at low pres-
sure. Grid-control rectifiers or thyratrons find 
considerable application in "electronic switch-
ing." 

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 condition exists it is called an 
oscillator. 

Oscillations normally take place at only one 
frequency, and a desired frequency of oscilla-
tion can be obtained by using a resonant cir-
cuit tuned to that frequency. The proper phase 
for positive feed-back can be obtained quite 
easily from a single tuned circuit. For example, 
in Fig. 3-221 the circuit LC is tuned to the 
desired frequency of oscillation. The coil L is 
tapped and the cathode of the tube is con-
nected to the tap. The grid and plate are con-
nected to opposite ends of the tuned circuit. 
There will be a voltage drop across the tuned 
circuit, a voltage drop that increases pro-
gressively along the turns of the coil when 
viewed from one end. At an instant when the 
upper end of L is positive, for instance, the 
lower end is negative. However, the tap on the 
coil is at an intermediate voltage and 80 is 
negative with respect to the upper end of L, 
and positive with respect to the lower end. Or, 
viewed from the tap, the upper end of L is 
positive and the lower end is negative. There-

fore the grid and plate ends of the coil are 
opposite in polarity, or opposite in phase. This 
is the right phase relationship for positive 
feed-back. 
The amount of feed-back depends on the 

position of the tap. If the tap is too close to 
either end of the coil the circuit will not os-
cillate. If the tap is too near the grid end the 
voltage drop is too small to give enough feed-
back, and if it is too near the plate end the 
impedance between the cathode and plate is 
too small to permit good amplification. Max-
imum feed-back usually is obtained when the 
tap is somewhere near the center of the coil. 

It will be observed that the circuit of Fig. 
3-221 is parallel fed, Ci, being the blocking con-
denser. The value of Cb is not critical so long 
as its reactance is low at the operating fre-
quency. 

Condenser C. is the grid condenser. It and 
14, (the grid leak) are used for the purpose of 
obtaining grid bias for the tube. In this (and 
practically all) oscillator circuits the tube gen-
erates its own bias. When the grid end of the 
tuned circuit is positive with respect to the 
cathode, the grid attracts electrons from the 
cathode. These electrons cannot flow through 
L back to the cathode because C. "blocks" 
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HARTLEY CIRCUIT 

Plate Voltage (A) 

(8) 

COLPITTS CIRCUIT 

Fig. 3-22 — Basic oscillator circuits. Feed-back voltage 
is obtained by tapping the grid and cathode across a 
portion of the tuned circuit. In the Hartley circuit the 
tap is on the coil, but in the Colpitts circuit the voltage 
is obtained from the drop across a condenser. 

direct current. They therefore have to flow 
or "leak" through R. to cathode, and in doing 
so cause a voltage drop in R5 that places a 
negative bias on the grid. The amount of bias 
so developed is equal to the grid current multi-
plied by the resistance of Rg (Ohm's Law). 
The value of grid-leak resistance required de-
pends upon the kind of tube used and the 
purpose for which the oscillator is intended. 
Values range all the way from a few thousand 
to several hundred thousand ohms. The capaci-
tance of C5 should be large enough to have low 
reactance at the operating frequency. 
The circuit shown at B in Fig. 3-22 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 
varying the ratio of the reactances of CI and C2 
(that is, by varying the ratio of their capaci-
tances). To maintain the same oscillation fre-
quency the total capacitance across L must 
be constant; this means that every time Cr, 
for example, is adjusted to change the feed-
back, C2 must be adjusted in the opposite 
sense to return the total capacitance and 
thereby the frequency to the original value. 

Another type of oscillator, called the tuned-
plate tuned-grid circuit, is shown in Fig. 3-23. 
Resonant circuits tuned approximately to the 
same 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 capacitance 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, L1C1. The 
amount of feed-back can be adjusted by vary-

ing the tuning of either circuit. The frequency 
of oscillation is determined by the tuned cir-
cuit that has the higher Q. The grid leak and 
grid condenser have the same functions as in 
the other circuits. In this case it is convenient 
to use series feed for the plate circuit, so Cb is a 
by-pass condenser to guide the r.f. current 
around the plate supply. 

Practically all feed-back oscillator circuits 
(and there is an endless variety of them) are 
variations of these general types. They differ 
in details and appearance, and some use two 
or more tubes to accomplish the purpose. How-
ever, the basic feature of all of them is that 
there is positive feed-back in the proper 
amplitude to sustain oscillation. 

Oscillator Operating Characteristics 

As a general rule, oscillators are power-
generating devices. There are exceptions: in 
some cases the oscillator is used primarily to 
generate a voltage that is then applied to an 
amplifier that does not require power in its 
grid circuit. This type of oscillator is used 
principally in certain types of measuring 
equipment; the oscillators used in transmitters 
and receivers usually are called upon to deliver 
some power. 
When an oscillator is delivering power to a 

load, the adjustment for proper feed-back will 
depend on how heavily the oscillator is loaded. 
If the feed-back is not large enough — that is, 
if the grid excitation is too small — a slight 
change in load may tend to throw the circuit 
into and out of oscillation. On the other hand, 
too much feed-back will make the grid current 
excessively high, with the result that the 
power loss in •the grid circuit is larger than 
necessary. The oscillator itself supplies this 
grid power, so excessive feed-back lowers the 
over-all efficiency because whatever power is 
used in the grid circuit is not available as useful 
output. 
One of the most important considerations in 

oscillator design is frequency stability. Almost 
invariably we want the generated frequency to 
be as constant as possible. The principal fac-
tors that cause a change in frequency are (1) 
temperature, (2) plate voltage, (3) loading, (4) 
mechanical variations of circuit elements. 
Temperature changes will cause vacuum-tube 
elements to expand or contract slightly, thus 
causing variations in the interelectrode ca-
pacitances. Since these are unavoidably part 
of the tuned circuit, the frequency will change 
correspondingly. Temperature changes in the 

Fig. 3-23 — The tuned-plate tuned-grid oscillator. 
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coil or condenser will alter their inductance or 
capacitance slightly, again causing a shift in 
the resonant frequency. These effects are rela-
tively slow in operation, and the frequency 
change caused by them is called drift. 
Load variations act in much the same way as 

plate-voltage variations. A temperature change 
in the load may also result in drift. 

Plate-voltage variations will cause a cor-
responding shift in frequency; this type of fre-
quency shift is called dynamic instability. 
Dynamic instability can be reduced by using 
a tuned circuit of high effective Q. Since the 
tube and load repreSent a relatively low re-
sistance in parallel with the circuit, this means 
that a low L/C ratio ("high-C") must be used 
and that the circuit should be lightly loaded. 
Dynamic stability also can be improved by 
using a high value of grid leak; this increases 
the grid bias and raises the effective resistance 
of the tube as seen by the tank circuit. Using 
relatively high plate voltage and low plate 
current also helps. 

(A) 

Plate Voltage 

(B) 

Fig. 3-24 — Showing how the r.f. ground on a typical 
oscillator circuit (Hartley) may be placed on either the 
plate (A) or grid (B) instead of the more conventional 
method of grounding the cathode. Provided the proper 
provisions are made for supplying cathode and plate 
voltages, the circuit operation is unchanged by shifting 
the r.f. ground to any desired point. 

Mechanical variations, usually caused by 
vibration, cause changes in inductance and/ 
or capacitance that in turn cause the frequency 
to "wobble" in step with the vibration. 

Methods of minimizing frequency variations 
in oscillators are taken up in detail in later 
chapters. 

Ground Point 

In the oscillator circuits shown in Figs. 3-22 
and 3-23 the cathode is connected to ground. 
It is not actually essential that the radio-
frequency circuit should be grounded at the 
cathode; in fact, there are many times when 

aVi r.f. ground on some other point in the cir-
cuit is desirable. The r.f. ground can be placed 
at any point so long as proper provisions are 
made for feeding the supply voltages to the 
tube elements. 

Fig. 3-24 shows the Hartley circuit with 
(A) the plate end of the circuit grounded, and 
(B) the grid end. In A, no r.f. choke is needed 
in the plate circuit because the plate already 
is at ground potential and there is no r.f. to 
choke off. All that is necessary is a by-pass 
condenser, Ci,, across the plate supply. Direct 
current flows to the cathode through the lower 
part of the tuned-circuit coil, L. 
The grounded-grid circuit at B is essentially 

the same as the circuit in Fig. 3-22A except 
that the ground point and negative plate-
voltage connection have been placed at the 
grid end of the tuned circuit. 
One advantage of either type of circuit (the 

one in Fig. 3-24A is widely used) is that the 
frame of the tuning condenser can be grounded. 
With a grounded-cathode oscillator, both ends 
of the tuned circuit are "hot"; that is, there is 
an r.f. voltage to ground from both ends of the 
circuit. When the ordinary type of tuning con-
denser is used in such a circuit there is a slight 
change in capacitance when the hand is 
brought near the tuning shaft for adjustment 
of capacitance. This "hand capacitance" or 
"body capacitance" is annoying because the 
oscillator frequency changes when the hand is 
brought near the tuning control. It is over-
come by grounding (for r.f.) the condenser 
shaft and by using a condenser that has a 
frame with metal end plates. 

Tubes having indirectly-heated cathodes are 
more easily adaptable to circuits grounded at 
other points than the cathode than are tubes 
having directly-heated filaments. With the 
latter tubes special precautions have to be 
taken to prevent the filament from being by-
passed to ground by the capacitance of the 
filament-heating transformer. 

• NEGATIVE-RESISTANCE 
OSCILLATORS 

If a tuned circuit could be built without re-
sistance, a small amount of energy introduced 
into the circuit would start an oscillation that 
would continue indefinitely. It would do so 
because, in a circuit having no power losses, 
the power never diminishes and therefore is 
always available to keep the oscillation going. 
Of course, such a circuit cannot be built. 
However, it was explained in Chapter Two 

that a resonant circuit has a definite value of 
parallel impedance at resonance, and that that 
impedance is a pure resistance. If we could 
connect across the circuit a value of "negative" 
resistance equal to the parallel resistance of the 
circuit, the negative resistance would cancel 
the "positive" (real) resistance of the circuit 
and we would have a circuit that is, in effect, 
without resistance. 
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(A) 

(B) 

Fig. 3-25 — Negative-resistance oscillator circuits. 
dynatron; B, trans.tron. 

A, 

A negative resistance is one having the op-
posite characteristics to real or positive re-
sistance. In a negative resistance the current 
increases when the voltage is decreased, and 
vice versa. Also, a negative resistance does not 
consume power; it generates it. Under certain 
conditions a vacuum tube can be made to op-
erate like a negative resistance, and thus can 
be connected to a tuned circuit to set up 
oscillations. Two circuits for doing this are 
shown in Fig. 3-25. 

The circuit at A is called the dynatron os-
cillator. It functions because of the secondary 
emission from the plate that occurs in certain 
types of screen-grid tetrodes. It makes use of 
the fact that, at certain values of screen 
voltage, the plate current of a screen-grid 
tetrode decreases when the plate voltage is 
increased. This gives a negative plate-resist-
ance characteristic. 

In Fig. 3-25B, negative resistance is pro-
duced by virtue of the fact that, if the suppres-
sor grid of a pentode is given negative bias, 
electrons that normally would pass through the 
suppressor to the plate are turned back to the 
screen, thus increasing the screen current and 
reversing normal tube action. The negative re-
sistance produced between the screen and 
suppressor grids is sufficiently low so that or-
dinary tuned circuits will oscillate readily up 
to 15 Mc. or so. This circuit is known as the 
transitron. 

For most amateur applications, negative-
resistance oscillators do not have enough ad-
vantages to bring them into wide use. Feed-
back oscillators are generally more adaptable 
to wide frequency ranges, can generate more 
power, and are more readily adjusted to meet 
varying conditions. The transitron oscillator 
is used occasionally in measuring equipment. 



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. 
Transmission conditions on the same fre-
quency vary with the year and even with the 
time of day. Although these variations usually 
follow certain established cycles, many pe-
culiar 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 interpreting the unusual conditions 
when they occur. The observant amateur is in 
an excellent position to make worth-while 
contributions to the science, provided he has 

sufficient background to understand his re-
sults. The serious amateur can, for example, 
cooperate with the National Bureau of Stand-
ards in its NBS-ARRL 28-Mc. Observing 
Project, about which more is said at the end 
of this chapter. Or he may develop a new theory 
of propagation for the very-high frequencies or 
the microwave region, as did the late Ross 
Hull. By making extensive observations of 
56-Mc, conditions over a long-distance path 
and correlating the results with various 
weather conditions, Mr. Hull was able to 
establish the now-accepted theory of " tropo-
spheric bending." 

What To Expect on the Various Amateur Bands 

The 3.5-Mc., or " 80-meter," band is a more 
useful band during the night than during the 
daylight hours. In the daytime, one can seldom 
hear signals from a distance of greater than 100 
miles or so, but during the darkness hours 
distances up to several thousand miles are not 
unusual, and transoceanic contacts are regu-
larly made during the winter months. During 
the summer, the static level is high in some 
parts of the world, and the sharp crashes of 
static often make reception difficult. The 3.5-
Mc. band supports the majority of the traffic 
nets throughout the country, and it is also a 
great gathering place for " rag-chewers." Low 
power and simple antennas can be used here 
with good results. 
The 7-Mc., or " 40-meter," band has many 

of the same characteristics as 3.5, except that 
the distances that can be covered during the 
day and night hours are increased. During 
daylight, distances up to a thousand miles can 
be covered under good conditions, and during 
the dawn and dusk periods in winter it is pos-
sible to work stations 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. Rag-chewing, traffic 
handling and DX (working foreign countries) 
are popular activities on the band, in the order 
named. Here again antennas are not too im-

portant, although results will be improved in 
proportion to the effectiveness of the antenna 
system. 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 prob-

ably the best one for long-distance work. 
During portions of the sunspot cycle it is open 
to some part of the world during practically 
all of the 24 hours, while at other times it is 
generally useful only during daylight hours 
and the dawn and dusk periods. DX activity is 
paramount, with rag-chewing next. Being less 
consistent, day by day, traffic handling is not 
too general, although many long-distance 
schedules are kept on the band. Effective an-
tennas are more necessary than on the lower 
frequencies, but many amateurs enjoy excel-
lent results with simple antennas and low 
power. Automobile ignition and other types 
of man-made interference begin to be a prob-
lem on this band. 
The 28-Mc, band is generally considered to 

be a DX band during the daylight hours and 
a local rag-chewer's band during the hours of 
darkness. However, during parts of the sun-
spot cycle, the band is " open" into the late 
evening hours for DX communication. The 
band is even less consistent than 14 Mc., but 
this very fact is what makes it so fascinating 

78 
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for its many followers. It is not unusual for a 
foreign station to appear suddenly with a loud 
signal when only U.S. stations, or none at all, 
are being heard. High-performance antennas 
are almost a necessity for best results, but 
its small dimensions make the rotary beam a 

popular choice for the band. These antennas 
can be turned to direct the radiation in the 
desired direction, and they are used to provide 
useful gain on reception as well. A good an-
tenna is far more important on this band than 
high power. 

Characteristics of Radio Waves 

Radio waves differ from other forms of 
electromagnetic radiation (such as light and 
heat) in the manner in which they are gener-
ated and detected and in their wavelength. 
The wavelength spectrum of radio waves is 
greater than either heat or light, and ranges 
from approximately 30,000 meters to a small 
fraction of a centimeter. This corresponds to a 
frequency range of about 10 kc. to 1,000,000 
Mc. They travel at the same velocity as light 
waves (about 186,000 miles per second in free 
space) and can be reflected, refracted and dif-
fracted the way light and heat waves can. 
The passage of radio energy through space 

is explained by a concept of traveling electro-
static and electromagnetic waves. The energy 
is evenly divided between the two types of 
fields, and the lines of force of these fields are 
at right angles to each other, in a plane per-
pendicular to the direction of travel. A simple 
representation of this is shown in Fig. 4-1. 

Polarisation 

The polarization of a radio wave is taken as 
the direction of the lines of force in the electro-
static field. If the plane of this field is perpen-
dicular to the earth, the wave is said to be 
vertically polarized; if it is parallel to the earth, 
the wave is horizontally polarized. The longer 
waves, when traveling along the ground, 
usually maintain their polarization 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. 

Magnetic 
h»es of 
Force 

Electrostatic fines of fixre 

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

Reflection 

Radio waves may be reflected from any 
sharply-defined discontinuity of suitable char-
acteristics and dimensions encountered in the 
medium in which they are traveling. Any con-
ductor (or any insulator having a dielectric 
constant differing from that of the medium) 
offers such a discontinuity if its dimensions are 
at least comparable to the wavelength. The 
surface of the earth and the boundaries be-
tween ionospheric layers are examples of such 
discontinuities. Objects as small as an airplane, 
a tree or even a man's body will readily reflect 
the shorter waves. 

Refraction 

As in the case of light, a radio wave is bent 
when it moves obliquely into any medium 
having a refractive index different from that 
of the medium it leaves. Since the velocity of 
propagation differs in the two mediums, that 
part of the wave front that enters first travels 
faster if the new médium has a higher velocity 
of propagation. This tends to swing the wave 
front around, or "refract" it, in such a manner 
that the wave is directed in a new direction. 
If the wave front is one that is traveling ob-
liquely away from the earth, and it encounters 
a medium with a higher velocity of propaga-
tion, the wave will be directed back toward 
the earth. If the new medium has a lower 
velocity of propagation, the opposite effect 
takes place, and the wave is directed away 
from the earth. Refraction may take place 
either in the ionosphere (ionized upper atmos-
phere) or the troposphere (lower atmosphere), 
or both. 

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 or line-of-sight path, 
so that they may be received at some distance 
below the summit of an obstruction, or around 
its edges. 

Types of Waves 

According to the altitude of the paths along 
which they are propagated, radio waves may 
be classified as ionospheric waves, tropo-
spheric waves or ground waves. 
The ionospheric wave (sometimes called the 

sky wave), is that part of the total radiation 
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that is directed toward the ionosphere. De-
pending upon variable conditions in that re-
gion, as well as upon transmitting wavelength, 
the ionospheric wave may or may not be re-
turned to earth by the effects of refraction and 
reflection. 
The tropospheric wave is that part of the 

total radiation that undergoes refraction and 
reflection in regions of abrupt change of dielec-
tric constant in the troposphere, such as the 
boundaries between air masses of differing 
temperature and moisture content. 
The ground wave is that part of the total 

radiation that is directly affected by the pres-
ence of the earth and its surface features. The 

Fig. 4-2 — Showing how both direct and reflected 
waves may be received simultaneously in v.h.f. trans-
mission. 

ground wave has two components. One is the 
surface wave, which is an earth-guided wave, 
and the other is the space 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. 4-2. 

Ionospheric Propagation 

- Communication between distant points by 
means of radio waves of frequencies ranging 
between 3 and 30 Mc. depends principally 
upon the ionospheric wave. Upon leaving the 
transmitting antenna, this wave travels up-
ward 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 back to 
earth. The medium that causes such bending 
is the ionosphere, a region in the upper atmos-
phere, above a height of about 60 miles, where 
free ions and electrons exist in sufficient quan-
tity to cause a change in the refractive index. 
This condition is believed to be the effect of 
ultraviolet radiation from the sun. The iono-
sphere is not a single region but is composed 
of a series of layers of varying densities of 
ionization occurring at different heights. Each 
layer consists of a central region of relatively 
dense ionization that tapers off in intensity 
both above and below. 

Refraction, Absorption and Reflection 

Fr a given density of ionization, the degree 
of refraction becomes less as the wavelength be-
comes shorter (as the frequency increases). 
The bending, therefore, is less at high than at 
low frequencies, and if the frequency is raised 
to a sufficiently high value, a point is finally 
reached where the refractive bending becomes 
too slight to bring the wave back to earth, 
even though it may enter the ionized layer 
along a path that makes a very small angle 
with the boundary of the ionosphere. 
The greater the density of ionization, the 

greater the bending at any given frequency. 
Thus, with an increase in ionization, the mini-
mum wavelength that can be bent sufficiently 
for long-distance communication is lessened and 
the maximum usable frequency is increased. 
The wave necessarily loses some of its energy 

in traveling through the ionosphere, this ab-
sorption loss increasing with wavelength and 
also with ionization density. Unusually high 
ionization, especially in the lower strata of the 
ionosphere, may cause complete absorption of 
the wave energy. 

In addition to refraction, reflection may take 
place at the lower boundary of an ionized 
layer if it is sharply defined; i.e., if there is an 
appreciable change in ionization within a rela-
tively short interval of travel. For waves 
approaching the layer at or near the perpendic-
ular, the change in ionization must take place 
within a difference in height comparable to a 
wavelength; hence, ionospheric reflection is 
more apt to occur at longer wavelengths 
(lower frequencies). 

Critical Frequency 

When the frequency is sufficiently low, a 
wave sent vertically upward to the ionosphere 
will be bent sharply enough to cause it to re-
turn to the transmitting point. The highest 
frequency at which such reflection can occur, 
for a given state of the ionosphere, is called the 
critical frequency. Although the critical fre-
quency may serve as an index of transmission 
conditions, it is not the highest useful fre-
quency, since other waves of a higher fre-
quency that enter the ionosphere at angles 
smaller than 90 degrees (less than vertical) will 
be bent sufficiently to return to earth. The 
maximum usable frequency, for waves leaving 
the earth at very small angles to the horizontal, 
is in the vicinity of three times the critical 
frequency. 

Besides being directly observable by special 
equipment, the critical frequency is of more 
practical interest than the ionization density 
because it includes the effects of absorption as 
well as refraction. 

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 reflec-
tion would give the same effect as the gradual 
refraction that actually takes place, as illus-
trated 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 
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virtual height is the height of a triangle formed 
as shown, having equal sides of a total length 
proportional to the time taken for the wave 
to travel from T to R. 

Normal Structure of the Ionosphere 

The lowest normally useful layer is called the 
E layer. The average height of the region of 
maximum ionization is about 70 miles. The 
ionization density is greatest around local 
noon; the layer is only weakly ionized at 
night, when it is not exposed to the sun's 
radiation. The air at this height is sufficiently 
dense so that free ions and electrons very 
quickly meet and recombine. 

In the daytime there is a still lower ionized 
region, the D layer. The D-layer intensity is 
proportional to the height of the sun and is 
greatest at noon. Low-frequency 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 farther through 
the D layer and is absorbed.) 
The second principal layer is the F layes', 

which has a height of about 175 miles at night. 
At this altitude the air is so thin that re-
combination of ions and electrons takes place 
very slowly, inasmuch as particles can travel 
relatively great distances before meeting. The 
ionization decreases after sundown, reaching a 
minimum just before sunrise. In the daytime 
the F layer splits into two parts, the F1 and F2 
layers, with average virtual heights of, respec-
tively, 140 miles and 200 miles. These layers 
are most highly ionized at about local noon, 
and merge again at sunset into the F layer. 

Cyclic Variations in the Ionosphere 

Since ionization depends upon ultraviolet ra-
diation, conditions in the ionosphere vary with 
changes in the sun's radiation. In addition to 
the daily variation, seasonal changes result in 
higher critical frequencies in the E layer in 
summer, averaging about 4 Mc. as against a 
winter average of 3 Mc. The F layer shows 
little variation, the critical frequency being of 
the order 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 win-
ter. The critical frequencies for the F2 are 
highest in winter (11 to 12 Mc.) and lowest in 

Virtual 
ileiyht 

Fig. 4-3 — Bending in the ionosphere, and the echo or 
reflection method of determining virtual height. 

summer (around 7 Mc.). The virtual height of 
the F2 layer, which is about 185 miles in winter, 
averages 250 miles in summer. 

Seasonal transition periods occur in spring 
and fall, when ionospheric conditions are found 
highly variable. 

There are at least two other regular cycles 
in ionization. One such cyclic period covers 28 
days, which corresponds with the period of the 
sun's rotation. For a short time in each 28-day 
cycle, transmission conditions reach a peak. 
Usually this peak is followed by a fairly rapid 
drop to a lower level, and then a slow building-
up to the next peak. The 28-day cycle is par-
ticularly evident in the 14- and 28-Mc, amateur 
bands. 
The longest cycle yet observed covers about 

11 years, corresponding to a similar cycle of 
sunspot activity. The effect of this cycle is to 
shift upward or downward the values of the 
critical frequencies for F- and F2-layer trans-
mission. The critical frequencies are highest 
during sunspot maxima and lowest during 
sunspot minima. It is during the period of 
minimum sunspot activity when long-distance 
transmissions occur on the lower frequencies. 
At such times the 28-Mc. band is seldom useful 
for long-distance work, while the 14-Mc, band 
performs well in the daytime but is not ordi-
narily useful at night. The most recent sunspot 
maximum is considered to have occurred in 
1938. 

Magnetic Storms and Other Disturbances 

Un,usual disturbances in the earth's mag-
netic field (magnetic storms) usually are ac-
companied by disturbances in the ionosphere, 
when the layers apparently break up and ex-
pand. There is usually also an increase in 
absorption during such a period. Radio trans-
mission is poor and there is a drop in critical 
frequencies so that lower frequencies must be 
used for communication. A magnetic storm 
may last for several days. 

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 impossible on 
high frequencies. The length of such a disturb-
ance may be several hours, with a gradual fall-
ing 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 disturb-
ances on the sun. They are characterized by 
very rapid ionization, with sky-wave trans-
mission disappearing almost instantly, occur 
only in daylight, and do not last as long as the 
first type of absorption. 

Magnetic storms frequently are accompanied 
by unusual auroral displays, creating an ionized 
" curtain" in the polar regions which can act as 
a reflector of radio waves. Auroral reflection is 
occasionally observed at frequencies as high as 
54 Mc. It is characterized on 28 Mc. by a 
flutter on all signals which makes voice work 
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difficult but not impossible. Directive antennas 
must be pointed toward the north and not in 
the direction of the station being worked. 

Sporadic-E Layer Ionization 

Occasionally scattered patches of clouds of 
relatively dense ionization appear at heights 
approximately the same as that of the E layer. 
The effect is to raise the critical frequency to a 
value perhaps twice that which is returned 
from any of the regular layers by normal re-
fraction. Distances of about 500 to 1250 miles 
may be covered at 50 Mc. if the ionized cloud 
is situated midway between transmitter and 
receiver, or is of any very considerable extent. 
This effect, while infrequently observed in 
winter, is prevalent during the late spring and 
early summer, with no apparent correlation of 
the condition with the time of day. 
The presence of sporadic-E refraction on the 

14- and 28-Mc. bands is indicated by an ab-
normally short distance between the trans-
mitter and the point where the wave first is 
returned to earth as when, for example, 14-
Mc. signals from a transmitter only 100 miles 
distant may arrive with an intensity usually 
associated with distances of this order on 7 and 
3.5 Mc. 

Scatter 

Scatter signals are heard on any band, but 
are more easily recognizable on the higher fre-
quencies because of the extended skip 
zone. They are signals reflected from 
large discontinuities at a distance, 
such as sharp concentrations of ioni-
zation in any of the normal layers, 
sporadic-E clouds or (rarely) large 
land objects. They result in one's 
hearing signals within the normal 
skip zone. Scatter signals are never 
very loud, and have a slight flutter 
characteristic. A further indication of 
scatter reflection is that, when beam 
antennas are used to indicate the 
direction of arrival of the wave, the 
ray path is not necessarily the direct 
route but can even be at right angles 
or in the opposite direction. 

Meteor Trails 

Another phenomenon generally encountered 
in the 28-Mc, band, but also observed in the 
14- and 50-Mc, bands, is one characterized 
by sudden bursts of intensity of a signal. These 
bursts last less than a second, generally, and 
are caused by reinforced reflection from the 
ionized trail of a meteor. The meteor, entering 
the earth's atmosphere at high velocity, heats 
by friction against the atmosphere and leaves 
a trail of ionized atmosphere. It takes a finite 
time for the ionized molecules to recombine, 
and during this time a small ionized cloud 
exists. If it is in the ray path of a signal, it 
may serve to reinforce the signal and cause the 

langent 

burst in intensity. When the meteor is moving 
in a direction somewhat parallel to the ray 
path, it can induce a rising or falling "whistle" 
on the signal, for a second or so. The effects of 
bursts and whistles can be observed at any 
time during the day or night, if there is any 
marked meteor activity, and during rare 
"meteor showers" the ionized clouds can serve 
in almost the same manner that sporadic-E 
does to make long-distance work possible on 
50 Mc. 

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 which 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 un-
less the wave angle is smaller than a certain 
angle called the critical angle. This is illus-
trated in Fig. 4-4, where waves at angles of A 
or less give useful signals while waves sent at 

Fig. 4-4 — Refraction of sky waves, showing the critical wave 
angle and the skip zone. Waves leaving the transmitter at angles 
above the critical (greater than A) are not bent enough to be re-
turned to earth. As the angle is increased, the waves return to 
earth at increasingly greater distances. 

higher angles penetrate the layer and are not 
returned. The distance between T and RI is, 
therefore, the shortest possible distance over 
which communication by normal ionospheric 
refraction can be accomplished. 
The area between the end of the useful 

ground wave and the beginning of ionospheric-
wave reception is called the skip zone. The 
extent of skip zone depends upon the fre-
quency and the state of the ionosphere, and is 
greater the higher the transmitting frequency 
and the lower the critical frequency. Skip dis-
tance depends also upon the height of the 
layer in which the refraction takes place, the 
higher layers giving longer skip distances for 
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the same wave angle. Wave angles at the 
transmitting and receiving points are usually, 
although not always, approximately the same 
for any given wave path. 

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 because the critical frequencies 
are higher in the latter 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 exist-
ing conditions. Depending upon the wave angle 
and the frequency, it is sometimes possible to 
carry on communication via either the E or 
Fi-F2 layers on the saine frequency. 

Muitihop 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 back 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 curva-
ture of the earth, since at the lowest useful 
wave angles (of the order of a few degrees, 
waves at lower angles generally being ab-
sorbed rapidly at high frequencies by being in 
contact with the earth) the maximum one-hop 
distance is about 1250 miles for refraction from 
the E layer and around 2500 miles for the F2 
layer. However, 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). Thus, when the distance permits, 
it is better to have one hop rather than several, 
since the multiple reflections introduce losses 
that are higher than those caused by the 
ionosphere alone. 

Fading 

Two or more parts of the wave may follow 
slightly different paths in traveling to the re-
ceiving point, in which case the difference in 
path lengths will cause a phase difference to 
exist between the wave components at the re-
ceiving antenna. The field strength therefore 
may have any value between the numerical 
sum of the components (when they are all in 
phase) and zero (when there are only two com-
ponents and they are exactly out of phase). 
Since the paths change from time to time, this 
causes a variation in signal strength called 
fading. Fading can also result from the combi-
nation of single-hop and multihop waves, or 
the combination of a ground wave with an 
ionospheric or tropospheric wave. Such a con-
dition gives rise to an area of severe fading near 
the limiting distance of the ground wave, better 
reception being obtained at both shorter and 
longer distances where one component or the 
other is considerably stronger. Fading may be 
rapid or slow, the former type usually resulting 

•  

from rapidly-changing conditions in the iono-
sphere, the latter occurring when transmission 
conditions are relatively stable. 

It frequently happens that transmission con-
ditions are different for waves of slightly differ-
ent frequencies, so that in the case of voice-
modulated 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 trans-
mitter. This effect, known as selective fading, 
causes severe distortion of the signal. 

Tropospheric Propagation 

Changes in refractive index of air masses in 
the lower atmosphere often permit work over 
greater-than-normal distances on 28 Mc. and 
higher frequencies. The effect can be observed 
on 28 Mc., but it is generally more marked on 
50 and 144 Mc. The subject is treated in detail 
in Chapter Eleven. 

• OPTIMUM WAVE ANGLES 
One of the requirements in high-frequency 

radio transmission is to send a wave to the 
ionosphere in such a way that it will have the 
best chance of being returned to earth. This is 
chiefly a matter of the angle at which the wave 
enters the layer, although in some cases polari-
zation may be of importance. The desirable 
conditions change considerably with variations 
in frequency. 
The desirable conditions for waves of differ-

ent frequencies can be summarized as follows, 
in terms of the various amateur bands: 

3.5 Mc. 

Waves at all angles of radiation usually will 
be reflected, so that no energy is lost by high-
angle radiation. However, the lower-angle 
waves will, in general, give the greatest dis-
tances. Polarization on this band is not of 
great importance. 

7 Mc. 

Under most conditions, angles of radiation 
up to about 45 degrees will be returned to 
earth; during the sunspot maximum still higher 
angles are useful. It is best to concentrate the 
radiation below 45 degrees. Polarization is not 
important, except that losses probably will be 
higher with vertical polarization. 

14 Mc. 

For long-distance transmission, most of the 
energy should be concentrated at angles below 
about 20 degrees. Higher angles are useful for 
comparatively short distances (300-400 miles), 
although 30 degrees is about the maximum 
useful angle. Aside from the probable higher 
losses with vertical polarization, the polariza-
tion may be of any type. 
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28 Mc. 

Angles of 10 degrees or less are most useful. 
As in the case of 14 Mc., polarization is not 
important. 

• PREDICTION CHARTS 
The National Bureau of Standards offers 

prediction charts three months in advance, for 
use in predicting and studying long-distance 
communication on the usable frequencies 
above 3.5 Mc. By means of these charts, 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 particular great-circle path is 
drawn by the operator on a piece of trans-
parent paper, and the prediction charts include 
maps that make this a simple matter. Control 
points are then marked on this great-circle 
route at distances of 2000 kilometers from each 
station. By moving the transparent paper over 
the prediction chart and observing where the 
control points fall, the maximum usable fre-
quency can be obtained for any hour of the 24. 
The charts are based on ionosphere soundings 
made at a number of stations throughout the 
world, coupled with considerable statistical 
data. The charts are conservative enough to 
enable the amateur to anticipate and plan his 
best operating times, particularly on the 14-

and 28-Mc. bands. Amateurs who work on 50 
Me. and are interested in the occasional F2 
"openings" in this band watch the charts with 
great interest. They can be obtained from the 
Superintendent of Documents, U. S. Govern-
ment Printing Office, Washington 25, D. C., for 
15 cents a copy or $1.50 per year on subscrip-
tion. They are called "CRPL-D Basic Radio 
Propagation Predictions." 

• N.B.S.-A.R.R.L. 28-MC. 
OBSERVING PROJECT 

Any amateur with 28-Mc. receiving and 
transmitting equipment can apply to the Na-
tional Bureau of Standards and ask to take 
part in the 28-Mc. Observing Project. This 
service provides valuable information for the 
NBS in their propagation work, and only re-
quires that the amateur make regular monthly 
reports on a minimum number of schedules or 
receiving observations. Complete report forms 
are furnished by the Bureau, together with a 
simplified 28-Mc, prediction chart that shows 
what the Bureau has predicted for each par-
ticular month. The program is not confined to 
amateurs in the United States, and stations 
throughout the world are taking an active 
part. Address your application to Central 
Radio Propagation Laboratory, National Bu-
reau of Standards, Washington 25, D. C. 



CHAPTER 5 

High-Frequency 

Receivers 
A good receiver in the amateur station 

makes the difference between mediocre con-
tacts and solid QS0s, and its importance can-
not be emphasized too much. In the v.h.f. 
bands that are not too crowded, 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) for best 
results and general ease of reception. Using 
only a simple receiver, old and experienced 
operators can copy signals that would be 
missed entirely by newer amateurs, but their 
success is because of their experience and not 
the receiving equipment. On the other hand, a 
less-experienced operator can use modern tech-
niques to obtain the same degree of success, 
provided he understands the operation of his 
more advanced type of receiver and how to 
get the most out of it. 
A number of signals may be picked up by 

the receiving antenna, and the receiver must 
be able to separate them and allow the opera-
tor to copy the one he wants. This ability is 
called "selectivity." 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, however, it 
must be converted to audio-frequency power 
by the process of detection. The sequence of 
amplification is not too important — some of 
the amplification can take place (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 re-
ceived signal is impaired if the passband of 
the receiver is less than this amount. On the 
other hand, a c.w. signal occupies only a few 
hundred cycles at the most, and consequently 
the passband of a c.w. receiver can be small. 
In either case, if the passband of the receiver 
is more than is necessary, signals adjacent to 
the desired one can be heard, and the selectiv-
ity of the receiver is said to be poor. The 
other difference is that the detection process 
delivers directly the audio frequencies present 
as modulation on a 'phone signal, but there is 
no modulation on a c.w. signal and additional 
technique is required to make the signal 
audible. 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 of the order of 500 
to 1000 cycles, since these tones are within 
the range of optimum response 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 itself is made to oscillate and 
produce the second frequency, it is known as 
an autodyne detector. Modern superhetero-
dyne receivers (described later) generally 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 require some kind 
of beating oscillator to give an audible signal. 
Broadcast receivers can receive only 'phone 
signals because no beat oscillator is included. 
On the other hand, communications receivers 
include beat oscillators and often some means 
for varying the selectivity. 

Receiver Characteristics 

Sensitivity 

Confusion exists among some radio men 
when talking about the "sensitivity" of a 
receiver. In commercial circles it 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 perfectly-
satisfactory definition for broadcast and corn-
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munications receivers operating below about 
20 Mc., where general atmospheric and man-
made electrical noises normally mask any noise 
generated by the receiver itself. 

Another commercial definition of sensitivity 
measures the merit of a receiver by defining 
the sensitivity as the signal at the input of the 
receiver required to give an audio output some 
stated amount (generally 10 db.) above the 
noise output of the receiver. This is a much 
more useful sensitivity measure for the ama-
teur, since it indicates how well a weak signal 
will be reproduced and is not merely a measure 
of the over-all gain, or amplification, of the 
receiver. However, it is still 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 nor-
mally significant, since the noise developed in 
later stages is masked by the amplified noise 
from the first stage. Since the only noise that is 
amplified is that which falls within the pass-
band of the receiver, the noise appearing in the 
output of a receiver is less when the passband 
is reduced (the effect of the "tone control" 
of a broadcast receiver). 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. Since 
the passband of two receivers plays an impor-
tant part in the sensitivity measured on a 
signal-to-noise basis as described in the pre-
ceding paragraph, such a sensitivity measure-
ment puts more emphasis on passband width 
than on the all-important "front-end" design 
of the receiver. 
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 
receiver, the limit to reception would be the 
thermal noise. (Atmospheric-and-man-made 
noise is a practical limit below 20 Mc., but we 
are looking for a measure of comparison of 
receivers.) 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 
(which is the same for the receiver noise and 
the noise introduced to the receiver), the figure 
is one that shows how far the receiver departs 
from the ideal. The ratio is generally expressed 
in db., and runs around 6 to 12 db. for a good 
receiver, although figures of 3 to 4 db. have 
been obtained with special techniques. Corn-
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KILOCYCLES FROM RESONANCE 

Fig. 5-1— Typical selectivity curve of a modern super-
heterodyne receiver. Relative response is plotted against 
deviations above and below the resonance frequency. 
The scale at the left is in terms of voltage ratios, 
the corresponding decibel steps are shown at the right. 

pansons of noise figures can be made by the 
amateur with simple equipment, as described 
in Chapter Sixteen. 

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 
selectivity 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 (taken on a typi-
cal communications-type superheterodyne re-
ceiver) 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. Good skirt selectivity 
can only be obtained by using a large number 
of tuned circuits. 
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Stability 

The stability of a receiver is its ability to 
give constant output, over a period of time, 
from a signal of constant strength and fre-
quency, and also its ability to remain tuned to 
a signal under varying conditions of gain-
control setting, temperature, supply-voltage 
changes and mechanical shock and distortion. 
In other words, it means the ability "to stay 
put" on a given signal. The term "unstable" 
is also applied to a receiver that breaks into 
oscillation or a regenerative condition with 
some settings of its controls that are not 
specifically intended to control such a condi-
tion. This type of instability is sometimes 
encountered in high-gain amplifiers. 

Fidelity 

Fidelity is the relative ability of the re-
ceiver to reproduce in its output the mod-
ulation (keying, voice, etc.) carried by the 
incoming signal. For exact reproduction the 
bandwidth must be great enough to accommo-
date the carrier and all of the sidebands before 
detection, and all of the frequency components 
of the modulation after detection. For perfect 
fidelity, the relative amplitudes of the various 
components must not be changed by passing 
through the receiver. However, fidelity plays 
a very minor rôle in amateur communica-
tion, where the important requirement is to 
transmit intelligence and not " high-fidelity" 
signals. 

Detection and Detectors 

Detection is the process of recovering the 
modulation from a signal. 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, so that the 
detector output can develop across this im-
pedance. 

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 
impedance of the detector is the resistance or 
impedance it presents to the circuits it is 
connected 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 of the detector to accept 
signals of a specified amplitude without over-
loading or distortion. 

Diode Detectors 

The simplest detector is the diode rectifier. 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. 

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, L2Ci, a coupling coil, L1, from 
which the r.f. energy is fed to L2Ci, and the 
diode, D, 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, and this voltage varies 
with the modulation on the signal. The — and 
+ signs silo* 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. The 

o 

R.F. Input 

A.F Output 

A F Output 

(A) 

(C) 

A.F. Output 

Fig. 5-2 — Simplified and practical d'ode detector 
circuits. A, the elementary half-wave d'ode 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, L2G, is tuned to the signal 
frequency; typical values for G and RI in A and C are 
250 , dd. and 250,000 ohms, respectively; in B, CS and 
G are 100 µµfd. each; RI, 50,000 ohms; and R2, 250,000 
ohms. G is 0.1 dd. and R3 may be 0.5 to 1 megohm. 
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load resistor, RI, usually has a rather high 
value of resistance, so that a fairly large volt-
age 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. still modulated as in the 
original signal. These current pulses flow 
in the load circuit comprised of R1 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 R1 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 in Fig. 5-2B, to a load resistor, R3, which 
usually is a " potentiometer" so that the vol-
ume 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 
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Fig. 5-3 — Diagrams showing the detection process. 

(D) 

(A) 

RFC C., 

(B) 

Fig. 5-4 — Grid-leak detector circuits, A, triode; B, 
pentode. A tetrode may be used in the circuit of B by 
neglecting the suppressor-grid connection. Transformer 
coupling may be substituted for resistance coupling in 
A, or a high-inductance choke may replace the plate 
resistor in I). MC: is a circuit tuned to the signal fre-
quency. The grid leak, RI, may be connected directly 
from grid to cathode instead of across the grid condenser 
as shown. The operation with either connection will be 
the same. Representative values for components are: 

Component Circuit .4 Circuit 13 

C2 100 to 250 ;add. 
C3 0.001 to 0.002 gfd. 
C4 0.1 gfd. 

RI 1 to 2 megohms. 
R2 50,000 ohms. 
ila 
R4 

RFC 2.5 mh. 
T Audio transformer. 

100 to 250 µdd. 
250 to 500 mild. 
0.1 gfd. 
0.5 gfd. or larger. 
1 to 5 megohms. 
100,000 to 250,000 ohms. 
50,000 ohms. 
20,000 ohms. 
500-henry choke. 
2.5 mh. 

The plate voltage in A should be about 50 volts for 
best sensitivity. In B, the screen voltage should be 
about 30 volts and the plate voltage from 100 to 250. 

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 

to the resistance of R1 at the radio frequency 
being rectified, but at audio frequencies must 
be relatively large compared to RI. This con-
dition is satisfied by the values shown. If the 
capacity of C2 is too laige, response at the 
higher audio frequencies will be lowered. 
Compared with other detectors, the sensitiv-
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ity of the diode is low. Since the diode con-
sumes power, the Q of the tuned circuit is 
reduced, bringing about a reduction in selectiv-
ity. The linearity is good, however, and the 
signal-handling capability is high. 

Grid-Leak Detectors 

The grid-leak detector is a combination 
diode rectifier and audio-frequency amplifier. 
In the circuits of Fig. 5-4, the grid corre-
sponds to the diode plate and the rectifying 
action is exactly the same as just described. 
The d.c. voltage from rectified-current flow 
through the grid leak, RI, biases the grid 
negatively with respect to cathode, and the 
audio-frequency variations in voltage across 
R1 are amplified through the tube just as in a 
normal a.f. amplifier. In the plate circuit, R2 
is the plate load resistance, C3 is a by-pass 
condenser and RFC an r.f. choke to eliminate 
r.f. in the output circuit. C4 is the output 
coupling condenser. With a triode, the load 
resistor, R2, may be replaced by an audio 
transformer, T, in which case C4 is not used. 

Since audio amplification is added to recti-
fication, the grid-leak detector has consider-
ably greater sensitivity than the diode. The 
sensitivity can be further increased by using 
a screen-grid tube instead of a triode, as at 
5-4B. The operation is equivalent to that 
of the triode circuit. The screen by-pass con-
denser, C5, should have low reactance for 
both radio and audio frequencies. R3 and R4 
constitute a voltage divider on the plate supply 
to furnish the proper d.c. voltage to the screen. 
In both circuits, C2 must have low r.f. reactance 
and high a.f. reactance compared to the re-
sistance of RI; the same applies to C3 with 
respect to R2. The reactance of RFC will be 
high for r.f. and low for audio frequencies. 

Because of the high plate resistance of the 
screen-grid tube, transformer coupling from 
the plate circuit of a screen-grid detector is 
not satisfactory. An impedance (L in Fig. 
5-4B) can be used in place of a resistor, with a 
gain in sensitivity because a high value of load 
impedance can be developed with little loss of 
plate voltage as compared to the voltage drop 
through a resistor. The coupling coil, L, for a 
screen-grid detector should have an inductance 
of the order of 300 to 500 henrys. 
The sensitivity of the grid-leak detector is 

higher than that of any other type. Like the 
diode, it " loads" the tuned circuit and reduces 
its selectivity. The linearity is rather poor, and 
the signal-handling capability is limited. The 
signal-handling capability can be improved by 
reducing R1 to 0.1 megohm, but the sensitivity 
will be decreased. 

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, as contrasted to the grid 
rectification just described. Sufficient negative 

bias is applied to the grid to bring the plate 
current nearly to the cut-off point, so that the 
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. 5-5. C3 is the plate by-pass condenser, 
and, with RFC, prevents r.f. from appear-
ing in the output. R1 is the cathode resistor 
which provides the operating grid bias, and C2 
is a by-pass for both radio and audio frequen-
cies across RI. R2 is the plate load resistance 
across which a voltage appears as a result of 
the rectifiying action described above. C4 is the 
output çoupling condenser. In the pentode 
circuit at B, R3 and R4 form a voltage divider 
to supply the proper potential (about 30 volts) 
to the screen, and C5 is a by-pass condenser 
between screen and cathode. 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 even of a 
triode is very high when the bias is set near the 
plate-current cut-dff point. Impedance coup-
ling may be used in place of the resistance 
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Fig. 5-5 — Circuits for plate detection. A, triode; B, 
pentode. The input circuit, L1 C1, is tuned to the signal 
frequency. Typical values for the other components are: 

Component Circuit A Circuit Et 

C2 0.5 gfd. or larger. 
C3 0.001 to 0.002 pfd. 
C4 0.1 gfd. 
Cs 
Ili 25,000 to 150,000 ohms. 
R2 50,000 to 100,000 ohms. 
113 
114 
RFC 2.5 mh. 

Plate voltages from 100 to 
Effective screen voltage in B 

0.5 gfd. or larger. 
250 to 500 mufti. 
0.1 µM. 
0.5 gfd. or larger. 
10,000 to 20,000 ohms. 
100,000 to 250,000 ohms. 
50,000 ohms. 
20,000 ohms. 
2.5 mh. 
250 volts may be used. 
should be about 30 volts. 
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coupling shown in Fig. 5-5. The same order of 
inductance is required as with the pentode 
grid-leak detector described previously. 
The plate detector is more sensitive than 

the diode since there is some amplifying action 
in the tube, but less so than the grid-leak de-
tector. It will handle considerably larger sig-
nals than the grid-leak detector, but is not 
quite so tolerant in this respect as the diode. 
Linearity, with the self-biased circuits al-awn, 
is good. Up to the overload point the detector 
takes no power from the tuned circuit, and 
so does not affect it Q and ,,electivity. 

Infinite-Impedance Detector 

The circuit of Fig. 5-6 combines the high 
signal-handling capabilities of the diode 
detector with low distortion (good linearity), 
and, like the plate detector, does not load the 
tuned circuit it connects to. The circuit re-
sembles that of the plate detector, except that 
the load resistance, RI, 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. (C2) but not for 
audio, while the plate circuit is by-passed to 
ground for both audio and radio frequencies. 
R2 forms, with C3, an RC filter to isolate the 
plate from the "B" supply at a.f. An r.f. filter, 
consisting of a series r.f. 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 
similarly increases with signal, because of the 
increased plate current. Because of this and 
the fact that the initial drop across R1 is large, 
the grid cannot be driven positive with respect 
to the cathode by the signal, hence no grid 
current can be drawn. 

• REGENERATIVE DETECTORS 
By providing controllable r.f. feed-back or 

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 
increases the selectivity because the maxi-
mum regenerative amplification takes place 
only at the frequency to which the circuit is 
tuned. The grid-leak type of detector is most 
suitable for the purpose. Except for the re-
generative connection, the circuit values are 
identical with those previously described for 
this type of detector, and the same considera-
tions apply. The amount of regeneration must 
be controllable, because maximum regeneiative 
amplification is secured at the critical point 
where the circuit is just about to oscillate, 
and the critical point in turn depends upon 
circuit conditions, which may vary with the 

frequency to which the detector is tuned. In 
the oscillating condition, a regenerative de-
tector can be detuned slightly from an incom-
ing c.w. signal to give autodyne reception. 

Fig. 5-7 shows the circuits of regenerative 
detectors of various types. The circuit of A 
is for a triode tube, with 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 reactance becomes small-
er until a critical value is reached where there 
is sufficient feed-back to cause oscillation. If 
L2 and L3 are wound end-to-end in the same 
direction, the plate connection is to the out-
side of the plate or "tickler" coil, L3, when the 
grid connection is to the outside of L2. 
The circuit of 5-7B 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 between the rotating contact and 
ground is by-passed by a large condenser 
(0.5 pfd. 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 
potential of approximately 30 volts. 

R.F Input 

A F 4.5 
Output 

Fig. 5-6 — The infinite-impedance detector. The input 
circuit, Lan, is tuned to the signal frequency. Typical 
values for the other components are: 
C2 — 250 pµfd. RI — 0.15 megohm. 
C3 — 0.5 dd. 112 — 25,000 ohms. 
C4 - 0.1 AL 113— 0.25-megohm volume control. 
A tube having a medium amplification factor (about 
20) should be used. Plate voltage should be 250 volts. 

Circuit C is identical with B in principle of 
operation, except that the oscillating circuit is 
of the Hartley type. 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-
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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 
pentode) voltage that gives maximum sen-
sitivity. Should the tube break into oscillation 
suddenly as the regeneration control is ad-
vanced, making a click, the operation often can 
be made smoother by changing the grid-
leak resistance to a higher or lower value. The 
wrong grid leak plus too-high plate and screen 
voltage are the most frequent causes of lack 
of smoothness in going into oscillation. 

Antenna Coupling 

If the detector is coupled to an antenna, 
slight changes in the antenna constants (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 feed-
back 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, only a very small amount of 
capacity will be needed to couple to the an-
tenna. Increasing the capacity increases the 
coupling. 
At frequencies where the antenna system is 

resonant the absorption of energy from 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, causing so-called " dead spots." The 
remedy for this is to loosen the antenna cou-
pling to the point that permits normal oscilla-
tion and smooth regeneration control. 

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 caused by poor design 
of the receiver, or by the antenna if the de-
tector is coupled directly to it. If body capacity 
is present when the antenna is disconnected, it 
can be eliminated by better shielding, and 
sometimes by r.f. filtering of the 'phone leads. 
Body capacity that is present only when the 
antenna is connected is caused by resonance 
effects in the antenna, which tend to raise the 
whole detector circuit above ground potential. 
A good, short ground connection should be 
made to the receiver and the length of the 
antenna varied electrically (by adding a small 
coil or variable condenser in the antenna lead) 
until the effect is minimized. Loosening the 
coupling to the antenna circuit also will help. 

Hum 

Hum at the power-supply frequency may be 
present in a regenerative detector, especially 
when it is used in an oscillating condition for 
c.w. reception, even though the plate supply 
itself is free from ripple. The hum may result 
from the use of a.c. on the tube heater, but 
effects of this type normally are troublesome 

(A) 

(B) 

•8 *11 

Fig. 5-7 — Triode and pentode regenerative detector 
circuits. The input circuit, MCI, is tuned to the signal 
frequency. The grid condenser, C2, should have a value 
of about 100 µAi. in all circuits; the grid leak, RI, 
may range in value from 1 to 5 megohms. The tickler coil, 
La, ordinarily 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 on L2 above ground. 
Regeneration-control condenser Ci in A should have a 
maximum capacity of 100 mad. or more; by-pass con-
densers Ci in B and C are likewise 100 gpfd. Ci is ordi-
narily 1 pfd. or more; Rz, a 50,000-ohm potentiometer; 
Rz, 30,000 to 100,000 ohms. L4 in B (L3 in C) is a 500-
henry inductance, Cu is 0.1 dd. in both circuits. Ti in A 
is a conventional audio transformer for coupling from 
the plate of a tube to a following grid. RFC is 2.5 mh. 
In A, the plate voltage should be about 50 volts for 
best sensitivity. Pentode circuits require about 30 volts 
on the screen; plate potential may he 100 to 250 volts. 
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Fig. 5-8 — As the tuning dial of a receiver is turned 
past a c.w. signal, the beat-note varies from a high tone 
down through "zero beat" (no audible frequency differ. 
ence) and back up to a high tone, as shown at À, B and 
C. The curve is a graphical representation of the action. 
The beat exists past 8000 or 10,000 cycles but usually is 
not heard because of the limitations of the audio system. 

only when the circuit of Fig. 5-7C is used, 
and then only at 14 Mc. and higher frequen-
cies. Connecting one side of the heater supply 
to ground, or grounding the center-tap of the 
heater-transformer winding, is good practice 
to reduce hum, and the heater wiring should 
be kept as far as possible from the r.f. circuits. 
House wiring, if of the " open" type, will 

have a rather extensive electrostatic field 
which may cause hum if the detector tube, 
grid lead, and grid condenser and leak are not 
electrostatically shielded. This type of hum 
is easily recognizable because of its rather high 
pitch (a result of harmonics in the power-supply 
system). 
Antenna resonance effects frequently cause 

a hum of the same nature as that just de-
scribed which is most intense at the various 
resonance points, and hence varies with tuning. 
For this reason it is called tunable hum. It is 
prone to occur with a rectified-a.c. plate supply, 
when the receiver is put "above ground" by 
the antenna, as described in a preceding para-
graph. The effect is associated with the non-
linearity of the rectifier tube in the plate sup-
ply. Elimination of antenna resonance effects 
as described and by-passing the rectifier plates 
to cathode (using by-pass condensers of the 
order of 0.001 dd.) usually will cure it. 

Tuning 

For c.w. reception, the regeneration control 
is advanced until the detector breaks into a 
"hiss," which indicates that the detector is 

CHAPTER 5 

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, when 
it will be found that c.w. signals can be tuned 
in and will give a tone with each signal depend-
ing 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" (the region where the 
frequencies of the incoming signal and the os-
cillating detector are so nearly alike that the 
difference or beat is less than the lowest audible 
tone) and rise again on the other side, finally 
disappearing at a very high pitch. This behavior 
is shown in Fig. 5-8. It will be found that a 
low-pitched beat-note cannot be obtained from 
a strong signal because the detector "pulls in" 
or "blocks"; that is, the signal tends to control 
the detector in such a way that the latter os-
cillates at the signal frequency, despite the 
fact that the circuit may not be tuned exactly 
to resonance. This phenomenon, commonly 
observed when an oscillator is coupled to a 
source of a.c. voltage of approximately the 
frequency at which the oscillator is operating, 
is called "locking-in"; the more stable of the 
two frequencies assumes control over the other. 
"Blocking" usually can be corrected by ad-
vancing the regeneration control until the 
beat-note occurs again. If the regenerative 
detector is preceded by an r.f. amplifier stage, 
the blocking can be eliminated by reducing the 
gain of the r.f. stage. If the detector is coupled 
to an antenna, the blocking condition can be 
satisfactorily eliminated by advancing the 
regeneration control or loosening the antenna 
coupling. 
The point just after the detector starts oscil-

lating is the most sensitive condition for c.w. 
reception. Further advancing the regenera-
tion control makes the receiver less prone to 
blocking by strong signals, but also less capable 
of receiving 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. 

Audio-Frequency Amplifiers 

The ordinary detector does not produce 
very much audio-frequency power output — 
usually not enough to give satisfactory sound 
volume, even in headphone reception. Conse-
quently, audio-frequency amplifiers are used 
after the detector to increase the power level. 

One amplifier usually is sufficient for head-
phones, but two stages generally are used 
where the receiver is to operate a loudspeaker. 
A few milliwatts of a.f. power are sufficient for 
headphones, but a loudspeaker requires a watt 
or more for good room volume. 
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Headset and Voltage Amplifiers 

The circuits shown in Fig. 5-9 are typical 
of those used for voltage amplification and for 
providing sufficient power for operation of 
headphones. Triodes usually are preferred to 
pentodes because they are better suited to 
working into an audio transformer or headset, 
the input impedances of whick are of the order 
of 20,000 ohms. 

In these circuits, R2 is the cathode bias re-
sistor and C1 the cathode by-pass condenser. 
The grid resistor, RI, gives volume-control 
action. Its value ordinarily is from 0.25 to 
1 megohm. C2 is the input coupling condenser, 
already discussed under detectors; it is, in 
fact, identical to C4 in Figs. 5-4 and 5-5, if 
the amplifier is coupled to a detector. In 
5-9D, C4 and R4 are a simple "tone-control" 
circuit. As R4 is made smaller, C4 by-passes 
more of the high audio frequencies. R4 should 
be large compared to the reactance of C4 at the 
highest audio frequency. 

In all receivers using tubes with indirectly-
heated cathodes, the negative grid bias of 
audio amplifiers usually is secured from the 
voltage drop in a cathode resistor. The cathode 
resistor must be by-passed by a condenser hav-
ing low reactance at the lowest audio frequency 
to be amplified, compared to the resistance of 
the cathode resistor ( 10 per cent or less). In 
battery-operated receivers, which use filament-
type tubes, a separate grid-bias battery gener-
ally is used. 

Power Amplifiers 

A popular type of power amplifier is the single 
tetrode, operated Class A or AB; the circuit 
diagram is given in Fig. 5-10A. The grid re-
sistor, RI, may be a potentiometer for volume 
control, as shown at R1 in Fig. 5-9. The out-
put transformer, T, should have a turns ratio 
suitable for the loudspeaker used; many of the 

A F 
Output 

Fig. 5-9 — Audio-amplifier circuits 
used for voltage amplification and 
to provide power for headphone out-
put. The tubes are operated as 
Class A amplifiers. A simple tone-
control circuit (R4C4) is shown in D. 

• 
-13 1.s small loudspeakers now avail-

(B) able are furnished complete 
with output transformer. c, 
When greater volume is 

needed, a pair of tetrodes 
or pentodes may be connected 
in push-pull, as shown in 
Fig. 5-10B. Transformer cou-
pling to the voltage-amplifier 
stage is the simplest method 
of obtaining push-pull input 
for the amplifier grids. The 
interstage transformer, firi, 
has a center-tapped secondary 

with a secondary-to-primary turns ratio of 
about 2 to 1. An output transformer, T2, with a 
center-tapped primary must be used. No by-
pass condenser is needed across the cathode 
resistor, R, in Class A operation since the a.f. 
current does not flow through the resistor as it 
does in single-tube circuits. 

Headphones and Loudspeakers 

Two types of headphones are in general use, 
the magnetic and crystal types. They are 
shown in cross-section in Fig. 5-11. In the 
magnetic type the signal is applied to a coil or 
pair of coils having a great many turns of fine 
wire wound on a permanent magnet. (Head-
phones having one coil are known as the 
"single-pole" type, while those having two 
coils, as shown in Fig. 5-11, are called "double-

F---1D 
A F 
Output 

-a (B) f 

Fig. 5-10 — Power -output audio-amplifier circuits. Ei-
ther Class A or AB amplification may be used. 
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pole.") A thin circular diaphragm of iron is 
placed close to the open ends of the magnet. 
It is tightly clamped by the earpiece assembly 
around its circumference, and the center is 
drawn toward the permanent magnet under 
some tension. When an alternating current 
flows through the windings the field set up by 
the current alternately aids and opposes the 
steady field of the permanent magnet, so that 

Coil Winding 

Iron. 
oi&ph.ra -

MAGNETIC HEADPHONE 

Fber 
Diaphragm 

Support 

errnargent 
Maynet 

CRYSTAL HEADPHONE 

Voice Cod 

DYNAMIC SPEAKER 

Field Coil 

Fig. 5-11 — Headphone and loudspeaker construction. 

the diaphragm alternately is drawn nearer to 
and allowed to spring farther away from the 
magnet. Its motion sets the air into corre-
sponding vibration. Although the d.c. re-
sistance of the coils may be of the order of 
2000 ohms, the a.c. impedance of a magnetic-
type headset will be of the order of 20,000 
ohms at 1000 cycles. 

In the crystal headphone, two piezoelectric 
crystals made of Rochelle salts are cemented 
together in such a way that the pair tend to 
be bent in one direction when a voltage of a 
certain polarity is applied and to bend in the 
other direction when the polarity is reversed. 
The crystal unit is rigidly mounted to the ear-
piece, with the free end coupled to a diaphragm. 
When an alternating voltage is applied, the 
alternate bending as the polarity of the applied 
voltage reverses makes the diaphragm vibrate 
back and forth. The impedance is several times 
that of the magnetic type. 

Magnetic-type headsets tend to give maxi-
mum response at frequencies of the order of 
500 to 1000 cycles, with a considerable reduc-
tion of response at frequencies both above 
and below this region. The crystal type has a 
"flatter" frequency-response curve, and is 
particularly good at reproducing the higher 
audio frequencies. The peaked response curve 
of the magnetic type is advantageous in code 
reception, since it tends to reduce interference 
from signals having beat tones lying outside 
the region of maximum response, while the 
crystal type is better for the reception of voice 
and music. Magnetic headsets can be used in 
circuits in which d.c. is flowing, such as the 
plate circuit of a vacuum tube, provided the 
current is not too large to be carried safely by 
the wire in the coils; the limit is a few milliam-
peres. Crystal headsets must be used only on 
a.c. (since a steady d.c. voltage will damage the 
crystal unit), and consequently must be coupled 
to the tube through a device, such as a con-
denser, that isolates the d.c. voltage but per-
mits the passage of an alternating current. 
The most common type of loudspeaker is the 

dynamic type, shown in cross-section in Fig. 
5-11. The signal is applied to a small coil (the 
voice coil) which is free to move in the gap 
between the ends of a magnet. The magnet 
is made in the form of a cylindrical coil, 
slightly smaller than the form on which the 
voice coil is wound, with the magnetic circuit 
completed through a pole piece which fits 
around the outside of the voice coil, leaving 
just enough clearance for free movement of the 
coil. The path of the flux through the magnet is 
as shown by the dotted lines in the figure. 
The voice coil is supported so that it is free to 
move along its axis but not in other directions, 
and is fastened to a fiber or paper conical 
diaphragm. When current is sent through the 
coil it moves in a direction determined by the 
polarity of the current, and thus moves back 
and forth when an alternating voltage is 
applied. The motion is transmitted by the 
diaphragm to the air, setting up sound waves. 
The type of 'speaker shown in Fig. 5-11 ob-

tains its fixed magnetic field by electromagnetic 
means, direct current being sent through the 
field coil for this purpose. Other types use 
permanent magnets to replace the electro-
magnet, and hence do not require a source of 
d.c. power. The voice coils of dynamic 'speakers 
have few turns and therefore low impedance, 
values of 3 to 15 ohms being representative. 

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 LC com-
bination cannot be used for, say, 14 Mc. to 3.5 
Mc., because of the impracticable maximum-
minimum capacity ratio required, and also 
because the tuning would be excessively criti-
cal with such a large frequency range. It is 
necessary, therefore, to provide a means for 
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Fig. 5-12— Essentials 
of the three basic band-
spread tuning systems. 

changing the circuit con-
stants for various fre-
quency bands. As a mat-
ter of convenience the 
same tuning condenser 
usually is retained, but 
new coils are inserted in 
the circuit for each band. 
One method of chang-

ing inductances is to use 
a switch having an ap-
propriate number of con-
tacts, which connects the 
desired coil and discon-
nects the others. An-
other is to use coils 
wound on forms with con-
tacts (usually pins) which 
can be plugged in and 
removed from a socket. 

Bandspreading 

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. 5-12. 

In A, a small bandspread condenser, C1 (15-
to 25-µofd. maximum capacity), is used in par-
allel with a condenser, C2, which is usually large 
enough ( 100 to 140 add.) to cover a 2-te-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 C1 
plus the setting of C2. The inductance of the 
coil can be adjusted so that the maximum-
minimum ratio will give adequate bandspread. 
In practicable circuits it is almost impossible, 
because of the nonharmonic relation of the 
various bands, to get full bandspread on all 
bands with the same pair of condensers, es-
pecially when the coils are wound to give 
continuous frequency coverage on C2, which 
is variously called the band-setting or main-
tuning condenser. C2 must be reset each time 
the band is changed. 
The method shown at B makes use of con-

densers in series. The tuning condenser, CI, 
may have a maximum capacity of 100 ilafd. or 
more. The minimum capacity is determined 
principally by the setting of C3, which usually 
has low capacity, and the maximum capacity 
by the setting of C2, which is of the order of 25 
to 50 opfd. This method is capable of close 
adjustment to practically any desired degree of 
bandspread. Either C2 and C3 must be adjusted 
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 aafd. 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 larger capacity. C2 may be 
mounted in the plug-in coil form and preset, 
if desired. 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. 
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. 5-13, 
where C1 is the trimmer and C2 the tuning 
condenser. The use of the trimmer necessarily 

Fig. 5-13 — Showing the use 
of a trimmer condenser, to 
set the minimum circuit ca. 
pacity in order to obtain true 
tracking for gang-tuning. 

increases the minimum circuit capacity, but it 
is a necessity for satisfactory tracking. Midget 
condensers having maximum capacities of 15 
to 30 add. are commonly used. 
The same methods are applied to band-

spread circuits that must be tracked. The 
circuits are identical with those of Fig. 5-12. 
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. 5-12B, 
and C2 in Fig. 5-12C, 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 
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Fig. 5-14— 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. 

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. 5-14. 

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 induct-
ance of the coil is decreased as the brass core, 
or "slug," is moved into the coil. The pow-
dered-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 dean surface or is silverplated. 
The use of the powdered-iron core will 
actually raise the Q of a coil, provided the iron 
core is of a type suitable for the frequency in 
use. Good powdered-iron cores can be obtained 
for use up to about 50 Mc. 

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 
amplification. Receivers of this type can be 
made quite sensitive but they are lacking in 
stability and selectivity, particularly on the 
higher frequencies. Strong signals block them 
easily and, in our present crowded bands, they 
are seldom used except in emergencies. They 
have been replaced by superheterodyne re-
ceivers, generally called "superhets." 

The Superheterodyne Principle 

In a superheterodyne receiver, the frequency 
of the incoming signal is changed to a new 
radio frequency, the intermediate frequency 
(abbreviated "i.f."), then amplified, and 
finally detected. The frequency is changed by 
means of the heterodyne process, the output of 
a tunable oscillator (the high-frequency, or 
local, oscillator) being combined with the 
incoming signal in a mixer or converter stage 
(first detector) to produce a beat frequency 
equal to the intermediate frequency. The 
audio-frequency signal is obtained at the sec-
ond 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 on 7000 kc. 
Then the high-frequency oscillator frequency 
may be set to 7455 kc., in order that the beat 
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 
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 i.f. 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 stability and, since the 
h.f. oscillator is working at a frequency con-
siderably removed from the signal frequency, 
its stability is practically unaffected 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 kc., which 
likewise gives a 455-kc. beat. The resultant 
undesired signal of the two frequencies is called 
the image. 
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). 
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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 re-
sponses 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 received, 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 
same way as an ordinary signal. These "bird-
ies" appear as a heterodyne beat on the desired 
signal, and are principally bothersome when 
the frequency of the incoming signal is not 
greatly different from the intermediate fre-
quency. The cure is proper circuit isolation and 
shielding. 

Harmonics 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 output 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 
The first detector or mixer resembles an 

ordinary detector. 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 developed. The signal-
and oscillator-frequency voltages appearing in 
the plate circuit are by-passed to ground, since 
they are not wanted in the output. The i.f. 
tuned circuit should have low impedance for 
these frequencies, a condition easily met if 
they do not approach the intermediate fre-
quency. 
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. 
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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 pull-
ing. If the mixer and oscillator could be com-
pletely isolated, mixer tuning would have no 
effect on the oscillator frequency; but in prac-
tice this is a difficult condition to attain. Pull-
ing should be minimized, because the stability 
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 
oscillator are separate tubes, the first detector 
is called a "mixer." If the two are combined in 
one envelope (as is often done for reasons of 
economy or efficiency), the first detector is 
called a "converter." In either case the func-
tion is the same, however. 

Typical mixer circuits are shown in Fig. 5-15. 
The variations are chiefly in the way in which 
the oscillator voltage is introduced. In 5-15A, 
a pentode functions as a plate detector; the 
oscillator voltage is capacity-coupled to the 
grid of the tube through C2. 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 sensi-
tive one and makes a good mixer, particularly 
with high-Gm tubes like the 6AC7 and 6A K5. 
A good triode also works well in the circuit, and 

TABLE 54 
Circuit and Operating Values for 

Converter Tubes 

Tube Plate 
Volts 

6BE6 250 
6E8 250 

6SA7 250 

t38B71-

Screen 
Volts 

100 
100 

Cathode Screen 
Resistor Resistor 

22,000 
240, 27,000 

100 '91 18 000 
1604 
0, 12,000 
752 15,000 

'Self-excited. iSeparate excitation. 

250 100 

Grid 
Leak 

22,000 0.5 ma. 
47,000 0.15-0.2 

22,000 0.5 

Grid 

22,000 025 
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1b Oscillator 

+250 

E 

Fig. 5-15 —"Typical circuits for separately-excited 
mixers. Grid injection of a pentode mixer is shown at A, 
and separate excitation of a pentagrid converter is given 
in B. Typical values for B will be found in Table 5-1 — 
the values below are for the pentode mixer of A. 
Ci — 10 to 50 mufd. R2 — 1.0 megohm. 
C2 — 5 to 10 laufd. Rs — 0.47 megohm. 
Cs, C4, Cs — 0.001 ,dd. 114 — 1500 ohms. 
Bi — 6800 ohms. 

Positive supply voltage can be 250 volts with a 
6AC7, 150 with a 6AK5. 

tubes like the 7F8 (one section), the 6J6 (one 
section) and the 6J4 work well. When a triode 
is used, care should be taken to see that the 
signal frequency is short-circuited in the plate 
circuit, and this is done by mounting the tun-
ing capacitor of the i.f. transformer directly 
from plate to cathode. 

It is difficult to avoid "pulling" in a triode 
or pentode mixer, however, and a pentagrid 
converter tube used as a mixer provides much 
better isolation. A typical circuit is shown in 
Fig. 5-15B, and tubes like .the 6SA7, 7Q7 or 
6BE6 are commonly used. The oscillator 
voltage is introduced into the electron stream 
of the tube through an " injection" grid. Meas-
urement of the rectified current flowing in R2 19 
used as a check for proper oscillator-voltage 
amplitude. Tuning of the signal-grid circuit 
can have little effect on the oscillator fre-
quency 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 pentode 
mixer, but its splendid isolating characteristics 
make it a very useful circuit. 
Many receivers use pentagrid converters, 

and two typical circuits are shown in Fig. 5-16. 
The circuit shown in Fig. 5-16A, which is 
suitable for the 6K8, 7D7, 7J7 or 7S7, 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 between 
oscillator and converter tube is reasonably 
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. 5-16B can be used with a tube like the 
6SA7, 7Q7 or 6BE6. Generally the only care 
necessary is to adjust the feed-back of the 
oscillator circuit to give the proper oscillator 
r.f. voltage. 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 com-
ponents is required whether or not a combi-
nation tube is used, so that there is little 
difference to be realized from the cost stand-
point. 

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, R2 of Figs. 5-15 and 5-16. 

6557, 66E6 or 6527 

+ 250 

Fig. 5-16 — Typical circuits for triode-hexode (A) and 
pentagrid (B) converters. Values for RI. R2 and R3 can 
be found in Table 5-1, others are given below. 
Ci — 47 µµfd. C3 — 0.01 /dd. 
Cs, CI, C5 — 0.001 pfd. 114 — 1000 ohms. 
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• 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 cf the 
receiver. The frequency of oscillation should be 
insensitive to changes in voltage, loading, 
and mechanical shock. Thermal effects (slow 
change in frequency because of tube or circuit 
heating) should be minimized. These ends can 
be attained by the use of high-grade insulating 
materials and circuit components, suitable 
electrical design, and careful mechanical 
construction. 

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 
response. 

It is desirable to make the L/C ratio in the 
oscillator tuned circuit low (high-C), since this 
results in increased stability. Particular care 
should be taken to insure that no part of the 
oscillator circuit can vibrate mechanically. 
This calls for short leads and "solid" me-
chanical construction. 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. Care in 
mechanical construction of a receiver is repaid 
many times over by increased frequency 
stability. 

Circuits 

Several oscillator circuits are shown in Fig. 
5-17. 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 Mc. and higher frequencies 
when indirectly-heated-cathode tubes with a.c. 
on the heaters are used. The circuit of Fig. 
5-17C reduces hum because the cathode is 
grounded. It is a simple circuit 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 will cause the oscillator to 
"squeg," or operate at 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; 
in C, by increasing the number of turns on 102 
or by moving id2 closer to LI. 
The oscillator plate voltage should be as low 

as is consistent with adequate output. Low 
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(A) 

(B) 

(c) 

Fig. 5-17 — High-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 N and I. In 
A and B, coupling from Y will reduce pulling effects, but 
gives less voltage than from X; this type is best adapted 
to mixer circuits with small oscillator-voltage require-
ments. Typical values for components are as follows: 

Circuit A Circuit B Circuit C 
Ci — 100 add. 100 pad. 100 pad. 
C2— 0.1 µfil. 0.1 pfil. 0.1 pfd. 
C3 — 0.1 µfd. 
Bi — 47,000 ohms. 47,000 ohms. 47,000 ohms. 
Ba — 47,000 ohms. 10,000 to 10,000 to 

25,000 ohms. 25,000 ohms. 

The plate-supply voltage should be 250 volt,. In cir-
cuits B and C, R8 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. 

plate voltage will cause reduced tube heating 
and thereby reduce frequency drift. The 
oscillator and mixer circuits should be well 
isolated, preferably by shielding, since coupling 
other than by the means intended may result 
in pulling. 

If the h.f.-oscillator frequency is affected by 
changes in plate voltage, it is good practice to 
use a voltage-regulated plate supply employ-
ing a VR tube except, of course, in receivers 
operated from batteries. Changes in plate-
supply voltage are caused not only by varia-
tions in the line voltage but by poor regulation 
in the power supply. When a.v.c. is used, the 
controlled tubes draw less current from the 
power supply as the signal increases, and this 
change in power-supply load causes the power-
supply voltage to vary if it isn't regulated. 
The use of Class AB audio amplification may 
also cause severe changes in the power-supply 
voltage. 
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A Two-Tube Superheterodyne Receiver 

By using multipurpose tubes, it is possible 
to build a superheterodyne receiver using only 
two tubes. One tube is used as a pentagrid 
converter, and the other tube (a dual triode) 
acts as an autodyne detector working at the 
intermediate frequency, and as a stage of audio 
amplification. 
A receiver of this type is shown in Figs. 5-18 

through 5-22. The circuit diagram is given in 
Fig. 5-19. A 6X8 is used to convert the fre-
quency of the incoming signal to the fixed or 
intermediate frequency, and the two triode 
sections of a 6SN7 serve as the regenerative 
detector and audio amplifier respectively. 
Lei is the r.f. circuit, tuned to the signal, and 
L2 is the antenna coupling coil. C7 is a by-pass 
condenser across the 1.5-volt battery used to 
bias the signal grid of the 6K8 and the half of 
the 6SN7 used as an audio amplifier. The high-
frequency oscillator tank circuit is L3C3C4, 
with C3 for band-setting and Cy for bandspread. 
The i.f. tuned circuit (or regenerative de-

tector circuit) is L5C5. This must be a high-C 
circuit if stability better than that of an ordi-
nary regenerative detector is to be secured. The 
frequency to which it is tuned should be in the 
vicinity of 1600 kc. L5 and its tickler coil, 14, 
are wound on a small form, and L5 is tuned by 
a fixed mica condenser of the low-drift type. 
Since these condensers are rated with a capac-
ity tolerance of 5 per cent, it is sufficient to 
wind L5 as specified under Fig. 5-19. The re-
sulting resonant frequency will be in the cor-
rect region. No manual tuning is necessary. 
and therefore the frequency of this circuit 
need not be adjusted. C2 is the regeneration-
control condenser, isolated from the d.c. 

Fig. 5-18 — Panel view of the two-tube superhetero-
dyne receiver. The panel is cut from a sheet of 3-inch 
aluminum. It is 6 inches high and 8 inches wide. The 
controls along the bottom, from left to right, are mixer 
tuning, oscillator padder and i.f. regeneration. The "B" 
switch is to the left of the tuning dial. 

supply by the choke, RFC. Only enough turns 
need be used on 14 to make the detector oscil-
late readily when C2 is at half capacity or more. 

Fig. 5-19 — Circuit diagram of the two-tube super-
heterodyne receiver. 

CI, C2, Ca — 100-ggfd. variable ( Millen 10100). 
— 15-ggfd. variable (Millen 20015). 

Ca — 210-ggfd. silvered mica. 
Ce 0.01-pfd. paper. 
C7 — 0.0047-gfd. mica. 
CA, Co — 100-putd. mica. 
Ri — 47,000 ohms, 1'¡ watt. 
112— 1 megohm, watt. 
Li, L2, La, 1.4 — See coil table. 
1.5— 55 turns No. 30 d.s.c., close-wound on t--inch 

diaru. form (National PR F-2); inducrance 40 oh. 
I.8 — 18 turns No. 30 d.s.c., close-wound on same form 

as LE see Fig. 5-20. 
IIi — 1.5-volt bias battery. 
J — Open-circuit jack. 
RFC — 2.5.mh. r.f. choke. 
S — S.p.s.t. toggle switch. 
Ti — Interstage audio transformer (Stancor A-4205). 
Ts— 6.3-volt filament transformer. 

The second section of the 6SN7 is trans-
former-coupled to the detector, and battery 
bias is used. The headphone output is taken 
from J1, in the plate circuit. 
Looking at the top of the chassis from in 

front, the r.f. or input circuit is at the left, 
with CI below the chassis and LIL2 just behind 
it. The 6K8 is directly to the rear of the coil. 
The h.f.-oscillator padding condenser, C3, 
underneath, the socket for L3L4 and the 6SN7 
are in line at the center of the chassis. At the 
right, underneath the audio transformer, T, is 
the i.f. regeneration-control condenser, C2. The 
bandspread tuning condenser, C4, is mounted 
on the panel with its shaft 37A inches from the 
bottom edge of the panel. The audio trans-
former should be set back far enough so that 
there will be sufficient space for the bearing for 
the vernier knob of the National Type G dial. 
The " B" switch, S, is to the left of the dial. 
A pair of terminals set in the left-hand edge 
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ANO PLATE 
6K8 

LP Cott. 

C2 AND RFC 

PL AT E OF 

66N7GT 

Fig. 5-20 — how the coils for the two-tube super-
heterodyne receiver are wound. In both cases both 
windings are in the same direction. In the case of the 
i.f. coil at the left, the top end of the upper winding, L3, 
is connected to Co and Pin 3 of the 6K8 socket, the 
lower end of L3 is connected to Pin 4 of the 6K8, the 
upper end of the lower winding, La, is connected to the 
stator of Ci and the lower end of Ls goes to Pin 2 on the 
6SN7GT socket. 

In the case of the plug-in coils, the coil sockets and 
plug-in form bases are wired so that the upper end of 
L3 connects to the stator of Ca, the lower end of this 
winding to the chassis, the upper end of the lower mind-
ing, L4, to CS and the lower end of L4 goes to Pin 6 on 
the 6K8 socket. When the coil is plugged into the mixer 
stage, the upper end of the top winding should go to the 
stator of CI, the lower end to C7 and the biasing battery, 
the upper end of the lower winding to the chas.is and 
the loser end of the bottom winding to the antenna 
terminal. 

of the chassis provide connections for an-
tenna and ground, while another pair at the 
rear are for the " B"-battery connections. The 
antenna and B+ terminals must be insulated 
from the chassis. A jack in the right-hand side 
is provided for headphones, and 115 volts a.c. 
for the heater transformer, T2, is plugged in at 
the rear. The headphone jack is insulated from 
the chassis by means of fiber washers. T2 is 
placed under the chassis near the headphone 
jack. 

Referring to the bottom view of Fig. 5-22, 
the biasing battery is to the left below C1. It is 
a pen-light flashlight cell soldered between the 
coil-socket terminal and ground. Immediately 
below it is the by-pass condenser. C7. Cg is 
soldered between the socket terminal for 1,4 

TWO-TUBE SUPERHET COIL DATA 

Li or /3 /.2 or / 4 
A. 90 turns No. 30 d.s.c., close-

wound 
B. 85 turns No. 26 d.s.v., Hose-

wound 
C. 45 turns No. 22 d.s.c., close. 

wound 
D. 24 turns No. 22 ettam., 1% in. 

long 
E. 20 turns No. 22 enarn.; 1% in. 

long 

20 turns No. 30 d.s.c. 

15 turns No. 26 d.s.c. 

15 turns No. 26 d.e.c. 

15 turne No. 26 d.s.r. 

15 turns No. 26 , I.s.c. 

Frequency Range 

1700 to 3200 kc. 
3000 to 5700 kc. 
5400 to 10,000 kc. 
9500 to 14,500 kc. 

Coil at 1.3-1.4 

D 
D 

and ground. The r.f. choke is supported at one 
end by a small fiber lug strip and soldered to 
Cg at the other. The i.f. transformer, L5L6, is 
between the two tube sockets. Lg is connected 
between the proper tube-socket terminals and 
C5 is soldered across these same terminals. Cg 
is fastened directly between the two tube sock-
ets and Cg between the 6K8 socket and the 
proper terminal of the socket for L3. Clearance 
holes are drilled in the chassis for wiring to the 
switch, to the stator terminal of CI, and to the 
grid cap of the 6K8. The rotor terminal of Ca 
is grounded to the panel by a lug fastened un-
der one of the mounting pillars. Two holes also 
are provided for the leads to 7'1. 

Coils for the receiver are wound on Millen 
shielded 3.4inch diameter forms, Type 74001, 
which are provided with slug-type inductance 
trimmers. 
The method of winding is indicated in Fig. 

5-20; if the connections to the circuit are made 
as shown, there will be no trouble in obtaining 
the necessary oscillation. Both coils on each 
form should be wound in the same direction. 

Adjustment 

To test the receiver, first try out the i.f. 
circuit. Connect the filament and " B" supplies 
and place both tubes in their sockets. Put a 
high-frequency coil in the r.f. socket, but do 
not insert a coil in the oscillator socket. The 
only test which needs be made is to see if the 
detector oscillates properly. Advance C2 from 
minimum capacity until the detector goes into 
oscillation, which will be indicated by a soft 
hiss. This should occur at around half scale on 
the condenser. If it does not occur, check the 
coil (L5L6) connections and winding direction 
and, if these seem right, add a few turns to the 
tickler, Lg. If the detector oscillates with very 
low capacity at C2, it will be advisable to take 
a few turns off Le until oscillation starts at 
about midscale. 

Fig. 5-21 — A back-of-panel view of the two-tube super-
heterodyne receiver. The chassis is 7 X 7 X 2 inches. 
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After the i.f, has been checked, plug in an os-
cillator coil for a range on which signals are 
likely to be heard at the time. The 5400-10,-
000-kc. range is usually a good one. The coils 
are arranged so that a minimum number is 
needed, even though two are used at a time. 
With Coil C in the r.f. socket and D in the 
oscillator socket, set CI at about half soak and 
turn C3 slowly around midscale until a signal 
is heard. Then tune C1 for maximum volume. 
Should no signals be heard, the probability is 
that the oscillator section of the 61(8 converter 
tube is not working, in which case the same 
method of testing is used as described above 
for the i.f. detector — check wiring, direction 
of windings of coils, and finally, add turns to 
the tickler, L4, if necessary. 
The same oscillator coil, D, is used for two 

frequency ranges. This is possible because the 

Fig. 5-22 — Bottom view of the 
two-tube superheterodyne re-
ceiver. The i.f. coil is between 
the two tube sockets near the 
rear of the chassis. The trans. 
former to the right is the fila-
ment transformer. 

oscillator frequency is placed on the 
low-frequency side of the signal on 
the higher range. This gives somewhat 
greater stability at the highest, fre-
quency range. Some pulling — a 
change in beat-note as the r.f. tuning 
is varied by means of C — will be 
observed on the highest frequency 
range, but it is not serious in the 
region of resonance with the incoming 
signal frequency. 
The receiver will respond to signals 

either 1600 kc. lower or 1600 kc. 
higher than the oscillator frequency. 
The unwanted response is discrimi-
nated against by the selectivity of 
the r.f. circuit. On the three lower 

frequency ranges, when it is possible to find 
two tuning spots on C1 at which incoming 
noise peaks up, the lower-frequency peak 
is the right one. The oscillator frequency 
is 1600 kc. higher than that of the incoming 
signal on these three ranges and 1600 kc. lower 
on the fourth range. The inductance of the 
coils to hit the desired ranges can be adjusted 
by means of the trimming slug in the coil forms. 
The regeneration control may be set to 

give desired sensitivity and left alone while 
tuning; only when an exceptionally strong 
signal is encountered is it necessary to advance 
it more to keep the detector in oscillation. It 
should be set just on the edge of oscillation 
for 'phone reception. 

The ' B"-battery current is between 4 and , 
5 ma., so a standard 45-volt block will last 
hundreds of hours. 

The Intermediate-Frequency Amplifier 

While the simple receiver just described is 
capable of highly-satisfactory results, it does 
not take full advantage of the superheterodyne 
principle. One major advantage of the superhet 
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 complex sets. 

Choice of Frequency 

The selection of an intermediate frequency 
is a compromise between various conflicting 
factors. The lower the i.f. the higher the selec-
tivity 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 beneficial to both image ratio and 
pulling, but the selectivity and gain are low-
ered. The difference in gain is least important. 
An i.f. of the order of 455 kc. gives good 

selectivity and is satisfactory from the stand-
point 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 had unless very loose coupling can be 
used between mixer and oscillator. 
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With an i.f. of about 1600 kc., satisfactory 
image ratios can be secured on 14, 28 and 50 
Mc., and pulling can be reduced to negligible 
proportions. However, the i.f. selectivity is 
considerably lower, so that more tuned cir-
cuits must be used to increase the selectivity. 
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 fre-
quencies on which there is considerable activ-
ity by the various radio services, since such 
signals may be picked up directly on the i.f. 
wiring. The frequencies mentioned are fairly 
free of such interference. 

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 be capa-
ble of amplifying equally all frequencies con-
tained in a band extending from 5000 cycles 
above to 5000 cycles below the carrier fre-
quency. In a superheterodyne, where all carrier 
frequencies are changed to the fixed interme-
diate frequency, this means that the i.f. ampli-
fier should amplify equally well all frequencies 
within that band. In other words, the amplifi-
cation must be uniform over a band 10 kc. 
wide, with the i.f. at its center. The signal-
frequency circuits usually do not have enough 
over-all selectivity to affect materially the " ad-
jacent-channel" selectivity, so that only the 
i.f.-amplifier selectivity need be considered. 
A 10-kc. band is considered sufficient for 

reasonably-faithful reproduction of music, 
but much narrower bandwidths can be used 
for communication work where intelligibility 
rather than fidelity is the primary objective. 
If the selectivity is too great to permit uniform 
amplification over the band of frequencies 
occupied by the modulated signal, the higher 
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Fig. 5-23— Typical intermediate-frequency amplifier cir-
cuit for a superheterodyne receiver. Representative values 
for components are as follows: 
C1 — 0.1 gfd. at 455 ke.; 0.01 dd. at 1600 ke. and higher. 
— 0.01 µfd. 

Ca, Ce, C5 — 0.1 phi. at 455 ke.; 0.01 5h1. above 16001.c. 
RI, R2 — See Table 5-11. Rs — 1800 ohms. 
114 — 0.27 megohm. 
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modulating frequencies are attenuated as com-
pared to the lower frequencies; that is, the 
upper-frequency sidebands are " cut." While 
sideband cutting reduces fidelity, it is fre-
quently preferable to sacrifice naturalness of 
reproduction in favor of greater selectivity. 
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, side-
band cutting is not serious with two-stage 
amplifiers at frequencies as low as 455 kc. 

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 selec-
tivity for good-quality 'phone reception. 
A typical circuit arrangement is shown in 

Fig. 5-23. A second stage would simply dupli-
cate the circuit of the first. The i.f. amplifier 
practically always uses a remote cut-off 
pentode-type tube operated as a Class A 
amplifier. For maximum selectivity, double-
tuned transformers are used for interstage 
coupling, although single-tuned circuits or 
transformers with untuned primaries can be 
used for coupling, 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. The use 
of too many high-Q tuned circuits in an 
amplifier is not generally feasible, however, 
because of stability problems. 

In Fig. 5-23, 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 gener-
ally obtained from common sources. The de-
coupling resistor, R3, helps to isolate the am-
plifier from the power supply and thus prevents 
stray feed-back. C2 and Ro 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 secondary is simply con-
nected to ground. 

In a two-stage amplifier the screen grids of 
both stages may be fed from a common sup-
ply, either through a resistor (R2) as shown, 
the screens being connected in parallel, or 
from a voltage divider across the plate sup-
ply. Separate screen voltage-dropping re-
sistors are preferable for preventing unde-
sired coupling between stages. 

Typical values of cathode and screen re-
sistors for common tubes are given in Table 
5-II. The 6K7, 6SK7, 6SG7, 6BA6 and 7H7 
are recommended for i.f. work. 
When two stages are used the high gain will 

tend to cause instability and oscillation, so 
that good shielding, by-passing, and careful 
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TABLE 5-II 

Cathode and Screen-Dropping 
Resistors for R.F. or LE. Amplifiers 

Tube Platt Screen Cathode Screen 
Volts Voile &sister Resistor 

6AB7 300 200 ohms 33,000 ohms 
6.te7 300 160 62,000 
6.11(5 180 PO 200 27,000 
6.4IT6 250 150 68 33,090 
6BAO 250 100 68 33,000 
6J7 250 100 1200 270,000 
6K7 250 125 240 47,000 
68G7 250 125 68 27,00n 
68G 7 250 150 200 47,006 
6SH 7 250 150 68 39,000 
6SJ7 250 100 820 180,000 
6SK7 250 100 270 56,000 
7G7/ 1232 250 100 270 68,0041 
7117 250 150 180 27,000 

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 per 
unit. In universal windings the coil is wound 
in layers with each turn traversing the length 
of the coil, back and forth, rather than being 
wound perpendicular to the axis as in ordinary 
single-layer coils. In a straight multilayer 
winding, the turns on adjacent layers at the 
edges of the coil have a rather large potential 
difference between them as compared to the 
difference between any two adjacent turns in 
the same layer; hence a fairly large capacity 
can exist between layers. Universal winding, 
with its "criss-crossed" 'turns, tends to avoid 
building up such potential differences, and 
hence reduces distributed-capacity effects. 

Variable tuning condensers are of the midget 
type, air-dielectric condensers being preferable 
because their capacity is practically unaffected 
by changes in temperature and humidity. Iron-
core transformers 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 sta-
bility 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 f.- trans-
former construction is shown in Fig. 5-24. 

Besides the type of i.f. transformer shown in 
Fig. 5-24, 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 
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windings, are 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. 
Variable-selectivity transformers also can be 
obtained. These usually are provided with a 
third (untuned) winding which can be con-
nected to a resistor, thereby loading the tuned 
circuits and decreasing the Q and selectivity 
to broaden the selectivity curve. The variation 
in selectivity is brought about by switching 
the resistor in and out of the circuit. Another 
method is to vary the coupling between pri-
mary and secondary, overcoupling being used 
to broaden the selectivity curve and under-
coupling to sharpen it. 

Selectivity 

The over-all selectivity of the i.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 con-
structed as to keep regeneration at a minimum: 

Bandwidth in Kilocycles 
2 times 10 times 100 limes 

Intermediate Frequency down down down 
Onestage, 455 kc. (air core)... 8.7 17.8 32.3 
One stage, 455 Ice. (iron core) .. 4.3 10.3 20.4 
Two stages, 455 ke. (iron core). 2.9 6.4 10.8 
Two stages, 1600 ke.. 11.0 16.6 27.4 
Two stages, 5000 ke.. 25.S 46.11 100.0 

Tubes for I.F. Amplifiers 

Variable-is (remote cut-off) pentodes aie 
almost 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 

Variable air 
condensers 

Shcell 

lkiversal-.aufzei 
cods 

reaMpaad.erea' 
iron fizzy 

Niqh-sielitymec4z 
fixed ffl-nsers 

AIR TUNED PERMEABILITY RIP ED 

Fig. 5-24— Representative i.f.-transformer construc-
tion. Coils are supported on insulating tubing or (in the 
air-tuned type) on wax-impregnated wooden clouds. 
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." 'I he 
tuning capacity is fixed, and the inductances of the 
coils are varied by moving the iron plugs in and out. 
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Fig. 5-25 — Automatic volume-control circuit using a dual-diode-triode as a 
combined a.v.c. rectifier, second detector and first audio-frequency amplifier. 
Ri — 0.27 megohm. 
112 — 50.000 to 250,000 ohms. 
R3— 1800 ohms. 
114 — 2 to 5 megohms. 
116 — 0.5 to 1 megohm. 
Ro, R7, Rs, R9 — 0.25 megohm. 
Rio — 0.5-megohm variable. 
Ci, C2, Ca — 100 add. 
C4 — 0.1 
Ca, Ca, C7 — 0.01 pfd. 
C8, C9 — 0.01 to 0.1 iifd. 
Cis — 5- to 10-edd. electrolytic. Cii — 270 pmfd. 

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 (if the latter is used). 
When single-ended tubes are used, care 

should be taken to keep the plate and grid leads 
well separated. With these tubes it is advisable 
to mount the screen by-pass condenser directly 
on the bottom of the socket, crosswise be-
tween the plate and grid pins, to provide ad-
ditional shielding. The outside foil of the 
condenser should be connected to ground. 

• THE SECOND DETECTOR AND 
BEAT OSCILLATOR 

Detector Circuits 

The second detector of a superheterodyne 
receiver with an i.f. amplifier performs the 
same function as the detector in the simple 
receiver, but usually operates at a higher input 
level because of the relatively great amplifica-
tion ahead of it. Therefore, the ability to han-
dle large signals without distortion is prefer-
able to high sensitivity. Plate detection is used 
to some extent, but the diode detector is most 
popular. It is especially adapted to furnishing 
automatic gain or volume control. The basic 
circuits have been described, although in 
many cases the diode elements are incorpo-
rated 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-oscil-
lator transformers are avail-
able, usually consisting of a 
tapped coil with adjustable 
tuning; these are most conven-
iently used with circuits such 
as those shown at Fig. 5-17A 
and B, with the output taken 
from Y. A variable condenser 
of about 25-ppfd. capacity may 
be connected between cathode 
and ground to provide fine ad-
justment. The beat oscillator 
usually is coupled to the second-
detector tuned circuit through 
a fixed condenser of a few µofd. 
capacity. 
The beat oscillator should be 

well shielded, to prevent cou-
pling to any part of the circuit 
except the second detector and 

to prevent its harmonics from getting into the 
front end of the receiver and being amplified 
with desired signals. To this end, the plate 
voltage should be as low as is consistent with 
sufficient audio-frequency output. If the beat-
oscillator output is too low, strong signals will 
not give a proportionately strong audio 
response. 
When an oscillating second detector is used 

to give the audio beat-note, the detector must 
be detuned from the i.f, by an amount equal to 
the frequency of the beat note. The selectivity 
and signal strength will be reduced, while 
blocking will be pronounced because of the 
high signal level at the second detector. 

• AUTOMATIC VOLUME CONTROL 
Principles 

Automatic regulation of the gain of 
the receiver in inverse proportion to the 
signal strength is a great advantage, espe-
cially in 'phone reception, since it tends to 
keep the output level of the receiver constant 
regardless of input-signal strength. It is readily 
accomplished in superheterodyne receivers 
by using the average rectified d.c. voltage, 
developed by the received signal across a 
resistance in a detector circuit, to vary 
the bias on the r.f. and i.f. 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. 
5-25. 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 
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Fig. 5-26 — Delayed a.v.c. is shown at A, and amplified 
and delayed a.v.c. is shown in B. The circuit at B gives 
excellent a.v.c. action over a wide range, with no im-
pairntent of sensitivity for weak signals. For either 
circuit, typical values are: 
— 0.0b1 dd. RI, 112 — 1.0 megobin. 
— 100 /Add. R3, 114 — Voltage divider. 

is fed from the detector diode through the 
small coupling condenser, Cg. A negative bias 
voltage resulting from the flow of rectified car-
rier current is developed across Rg, the diode 
load resistor. This negative bias is applied to 
the grids of the controlled stages through the 
filtering resistors, Rg, Rg, R7 and Rg. When 
81 is closed the a.v.c. line is grounded, thereby 
removing the a.v.c. bias from the amplifier 
without disturbing the detector circuit. 

It does not matter which of the two diode 
pi : t es 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. 5-25. 
The a.v.c. filter and line would connect to the 
junction of R2 and C2, while Cg and Rg would 
be omitted from the circuit. 

Delayed A.V.C. 

In Fig. 5-25 the audio-diode return is made 
directly to the cathode and the a.v.c. di-
ode return to ground. This places nega-
tive 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 application of 
a.v.c. voltage to the amplifier grids, since no 
rectification takes place in the a.v.c. diode cir-
cuit 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 

+250 TO Controlled 
Steles 

Resistors R3 and Rt are carefully proportioned to give 
the desired delay voltage at the cathode of diode Vs. 
Bleeder current of 1 or 2 ma. is ample, and hence the 
bleeder can be figured on 1000 or 500 ohm« per volt. The 
delay voltage should be in the vicinity of 3 or 4 for a 
simple receiver and 20 or 30 for a multitube high-gain 
affair. 

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 this fixed bias would cause dis-
tortion, and must be avoided; hence, the return 
is made directly to the cathode. 

Time Constant 

The time constant of the resistor-condenser 
combinations in the a.v.c. circuit is an impor-
tant part of the system. It must be high 
enough so that the modulation on the sig-
nal is completely filtered from the d.c. output, 
leaving only an average d.c. component which 
follows the relatively 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, and in practice would 
cause frequency distortion. On the other hand, 
the time constant must not be too great or the 
a.v.c. will be unable to follow rapid fading. 
The capacitance and resistance values indi-
cated in Fig. 5-25 will give a time constant 
that is satisfactory for high-frequency re-
ception. 

C. VV. 

A.v.c. 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 
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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. channel connected to an 
i.f. amplifier stage ahead of the second detector 
(and b.f.o.). If the i.f. 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 avail-
able, however, c.w. a.v.c. will hold the receiver 
output constant over a wide range of signal 
input. 

Amplified A. V. C. 

The a.v.c. system shown in Fig. 5-25 will 
not hold the audio output of the receiver ex-

actly 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 
intensity is below the delay-voltage level at the 
a.v.c. rectifier. In the circuit of Fig. 5-25, the 
delay voltage is set by the proper operating 
bias for the triode portion of the tube. How-
ever, a separate diode may be used, as shown 
in Fig. 5-26A. Since such a system requires a 
large voltage at the diode, a separate i.f. stage 
is sometimes used to feed the delayed a.v.c. 
diode, as in Fig. 5-26B. A system like this, 
sometimes called an amplified a.v.c. system, 
gives excellent control once the delay voltage 
is reached, and yet maintains full receiver 
sensitivity up to that point. 

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 
domestic electrical equipment and by auto-
mobile 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 
reduced by high selectivity in the receiver, 
especially 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). 

Impulse Noise 

Impulse noise, because of the extremely 
short duration of the pulses as compared to 
the time between them, must have high pulse 
amplitude to contain much average energy. 
Hence, noise of this type strong enough to 
cause much interference generally has an 

instantaneous amplitude much higher than 
that of the signal being received. The general 
principle of devices intended to reduce such 
noise is that of allowing the signal amplitude 
to pass through the receiver unaffected, but 
making the receiver inoperative for amplitudes 
greater than that of the signal. The greater the 
amplitude of the pulse compared to its time of 
duration the more successful the noise reduc-
tion, since more of the constituent energy can 
be suppressed. 

In passing through selective receiver circuits, 
the time duration of the impulses is increased, 
because of the Q or flywheel effect of the cir-
cuits. Hence, the more selectivity ahead of 
the noise-reducing device, the more difficult 
it becomes to secure good noise suppression. 

Audio Limiting 

A considerable degree of noise reduction in 
code reception can be accomplished by am-
plitude-limiting arrangements applied to the 
audio output circuit of a receiver. Such limiters 
also maintain the signal output nearly constant 
without fading. These output-limiter systems 
are simple, and adaptable to most receivers. 
However, they cannot prevent noise peaks 
from overloading previous circuits. 

A Simple Audio Noise Limiter 

The limiter shown in Fig. 5-27 is plugged 
into the receiver 'phone jack and the head-
phones are plugged into the limiter, so that no 
work on the receiver is required. The limiter 
will also keep the strength of c.w. signals at a 
constant comfortable level and will do much 
to relieve the operating fatigue resulting from 
long hours of listening to crackles, key clicks, 
blocking signals, and the like. 
As can be seen from the wiring diagram in 

Fig. 5-28, two 1N34 crystal diodes, individ-
ually biased by 1%-volt dry cells, are used to 

short-circuit any signal coining through the 
'phone circuit that has an amplitude greater 
than about 3 volts, peak-to-peak. Hence if the 
audio gain of the receiver is adjusted to give a 
signal of this amplitude — comfortable head-
phone volume — noise peaks of greater am-
plitude will be short-circuited and not heard 
in the headphones. A 6AL5 twin diode can be 
substituted for the two 1N34 crystals, but a 
heater supply will be required and it is gen-
erally more convenient to build the limiter as 
shown. No current is drawn from the two cells 
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used for bias, and they will last t heir shelf life. 
The limiter can be built in a 4 X 4 X 2-inch 

cabinet, as shown in Fig. 5-27. By removing 
the two sides of the cabinet, all of the com-
ponents can be mounted in the frame. The two 
dry cells can be taped together and then held 
in place by heavy leads soldered to them, or 
special clips can be made of spring brass. The 
two 1N34 crystal diodes are best mounted on 
tie-points, and the pigtails of the diodes should 
be held in a pair of long-nose pliers while solder-
ing to them, because too much heat from the 
soldering iron may decrease the effectiveness 
of the crystal. The pliers conduct away the 
heat that might otherwise reach the crystal. 

e SECOND-DETECTOR NOISE-
LIMITER CIRCUITS 

The circuit of Fig. 5-29 " chops" noise peaks 
at the second detector of a superhet receiver 
by means of a biased diode, which becomes 
nonconducting above a predetermined 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, R3. Resistors R1 and R3 must 
be fairly large in value to prevent loss of audio 
signal. 

Fig. 5-28 — Praetical noise-limiter circuit for headphone 
reception. 
Ci — 0.005 dd. Ji — Single-circuit jack. 
RI — 15,000 ohms, Y2 watt. Pt — Headphone plug. 

Si — S.p.s.t. toggle. 

Fig. 5-27 — A er,.stal-diode noise 
limiter for ose between receiver and 
headphones. Built in a 4 X 4 X 2-
inch box, it contains the limiter 
crystals, bias cells, headphone jack 
and on-off switch, and is provided 
with a cord and plug to connect to the 
receiver headphone output. - 
Although primarily intended for 

c.w. reception, the limiter also is 
highly effective on ' ph. ,11.. signals 
whe,i. the audio Volume level is 
properly set and the r.f. gain is auto-
matically controlled. 

The audio signal from the detector can be 
considered to modulate the steady diode cur-
rent, and conduction will take place so long as 
the diode plate is positive with respect to the 

2nd Detector 

(A) .30V 

C, 
Aud 

Amplifieior 

3 

To Audio 
Amplifier 

Fig. 5-29 — Series-valve noise-limiter circuits. A, as 
used with an infinite-impedance detector; B, with a diode 
detector. Typical values for components are as follows: 
Hi — 0.27 megohm. R4— 20,000 to 50,000 ohms. 
112 — 47,000 ohms. C1 — 270 mph]. 
113— 10,000 ohms. C2, C3— 0.1 dd. 

All other diode-circuit constants in B are conventional. 

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 
Qecurs can be selected by adjustment of R3. 
By setting R3 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. 5-29A, using an infinite-imped-
ance detector, gives a positive voltage on 
rectification. When the rectified voltage is 
negative, as it is from the usual diode detector, 
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the circuit arrangement shown in Fig. 5-29B 
must be used. 
An audio signal of about ten volts is required 

for good limiting action. When a beat oscillator 
is used for c.w. reception the b.f.o. voltage 
should be small, so that incoming noise will not 
have a strong carrier to beat against and so 
produce large audio output. 

Second-detector noise-limiting circuits that 
automatically adjust themselves to the re-
ceiver carrier level are shown in Fig. 5-30. In 
either circuit, V1 is the usual diode second 
detector, R1R2 is the diode load resistor, and 
C1 is an r.f. by-pass. A negative voltage Jiro-
portional to the carrier level is developed 
across C2, and this voltage cannot change 
rapidly because R3 and C2 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 
this reference voltage. In the circuit at B, the 
diode V2 is inactive until its cathode voltage 
exceeds its anode voltage. This condition will 
obtain under noise peaks and, when it does, 
the diode V2 short-circuits the signal and no 
voltage is passed on to the audio amplifier. 
Practical values for these two circuits will be 
found in the six- and eight-tube super-
heterodynes described later in this chapter. 
Diode rectifiers such as the 6H6 and 6AL5, or 
the 1N34 germanium 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. 

L F. Noise Silencer 

In the circuit shown in Fig. 5-31, noise 
pulses are made to decrease the gain of an 
i.f. 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, amplified 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 

L.,To Audio 
• Amplifier 
C3 

2 

Fig. 5-30 — Self-adjusting series 
(A) and shunt (B) noise limiters. 
The functions of V; and Va can 
be combined in one tube like the 
6H6 or 6AL5, or Type 1N34 
crystals can be used. 
— 100 add. 

C2, C3 — 0.05 idd. 
Ri — 0.27 meg. in A;47.000 ohms 

in B. 
Ra — 0.27 meg. in A; 0.15 meg. 

in B. 
Rs — 1.0 megohm. 
R4 — 0.82 megohm. 

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-
amplifier/rectifier circuit is biased by means 
of the " threshold control," R2, so that rectifi-
cation 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 ampli-
fier, to augment this threshold bias. In a typi-
cal instance, this system improved the signal-
to-noise ratio some 30 db. (power ratio of 1000) 
with heavy ignition interference, raising the 
signal-to-noise ratio from —10 db. without 
the silencer to +20 db. with the silencer. 

• SIGNAL-STRENGTH AND 
TUNING INDICATORS 

A useful accessory to the receiver is an in-
dicator that will show relative signal strength. 
Not only is it an aid in giving reports to trans-
mitting stations, but it is helpful also in align-
ing the receiver circuits, in conjunction with 
a test oscillator or other steady signal. 

4. 

Fig. 5-31 — Lf. noise-silencing circuit. The plate supply 
should be 250 volts. Typical values for components are: 
Ci — 50-250 aafd. (use smallest value possible without 

r.f. feed-back). 
Ca — 47 gel. Ra — 5000-ohm variable. 
Ca — 0.1 5fd. R3-22,000 duns. 
Ri — 0.1 megohm. R4, Rs — 0.1 megohm. 
Ti — Special i.f. transformer for noise rectifier. 
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Fig. 5-32  g indicator or S-meter circuits for 
superhet receivers A, electron-ray indicator; B, plate. 
current meter for tubes on a.v.e.; C, bridge circuit for 
a.v.e.-controlled tube. In B, resistor it should have a 
maximum resistance several times that of the milliam-
meter. In C, representative values fur the components 
are: R1,270 ohms; R2, 330 ohms; Rs, 1000-ohm variable. 

Three types of indicators are shown in Fig. 
5-32. 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 a.v.c. voltage is large, a remote 
cut-off type (6G5, 6N5 or 6AD6G) should be 
used in preference to the more sensitive 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 S-points. 
The scale range of the meter should be chosen 
to fit the number of tubes in use; the maxi-
mum 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 system the ordinary 
meter reads downward from full scale with 
increasing signal strength, which is the reverse 
of normal pointer movement (clockwise with 
increasing reading). Special instruments in 
which the zero-current position of the pointer is 
on the right-hand side of the scale are used in 
commercial receivers. 
The system at C uses a 0-1 millia in-

meter in a bridge circuit, arranged so that the 
meter reading and the signal strength increase 
together. The current through the branch con-
taining R1 should be approximately equal to the 
current through that containing R2. In some 
manufactured receivers this is brought about 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 maxi-
mum plate current of one a.v.c.-controlled tube. 
Typical values for this type of circuit are given. 
The sensitivity can be increased by increasing 
the resistance of RI, R2 and R3. The initial set-
ting is made with the manual gain control set 
near maximum, when Ri should be adjusted 
to make the meter read zero with no signal. 

A Six-Tube General-Coverage and Bandspread 

Superheterodyne 

A superhet receiver of simple construction, 
having a wide frequency range for general 
coverage as well as full bandspread for ama-
teur-band reception, is shown in Figs. 5-33 to 
5-38. The circuit uses six tubes and gives 
continuous coverage from about 2.4 to 47 Mc. 
An additional range, 0.55 to 1.6 Mc., covers 
the broadcast band. The receiver is intended 
for a.c. operation and requires a filament sup-
ply delivering 6.3 volts at 1.65 amp., and a 
"B" supply of 200 to 250 volts at 70 ma. 

The Circuit 

The circuit diagram is given in Fig. 5-34. A 
6K8 is used as a combined oscillator-mixer 
followed by a 6SK7 i.f. amplifier. The inter-

mediate frequency is 456 kc. The oscillator is 
tuned 456 kc. higher than the signal on fre-
quencies up to 27 Mc.; above 27 Mc. the oscil-
lator is 456 kc. lower than the signal. Manual 
gain control is applied to the i.f. stage, and 
a.v.c. is applied to both the i.f. and mixer 
stages. One section of the 6H6 double diode 
is used as the second detector and the other 
section as a series-type noise limiter. One half 
of a 6SL7GT double triode is used as the- b.f.o. 
tube and the other triode is used in the first 
audio stage. The b.f.o. is capacity-coupled to 
the detector by soldering one end of an insu-
lated wire to the detector plate and wrapping 
several turns of the wire around the b.f.o. grid 
lead. This capacity is designated Cci in the di-
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Fig. 5-33 — A front 
view of the six-tube 
receiver. The general. 
coverage and the band - 
spread-tuning dials are 
to the left and right of 
the panel. The antenna 
trimmer condenser is 
centered below the 
main tuning dials. The 
i.f. gain control, noise-
limiter switch, a.v.c.-
b.f.o switch, b.f.o. 
pitch control, head-
phone jack, stand-by 
switch, and a.f. gain 
control are shown from 
left to right across the 
bottom of the panel. 
A suitable power sup-
ply for the receiver is 
mounted in the 'speaker 
cabinet shown at the 
right of the receiver. 

agram. A small mica by-pass condenser, C21, 
connected between the first-audio grid and 
ground, prevents the b.f.o. signal from leaking 
into the audio system. This will occur without 
the by-pass condenser because of the capacity 
coupling that exists inside the 6SL7GT. The 
condenser can be connected from grid to 
ground, as shown, or from plate to ground. 
Both headphone and loudspeaker output 

are available, with the headphone output 
taken from the plate circuit of the triode audio 
stage at Ji, and the loudspeaker output taken 
from the plate of the 6V6GT audio-amplifier 
stage. The 'phone jack is wired in a manner 
that grounds the 6V6 input grid when the 
'phones are plugged in. 
A VR-105 regulator tube is used to stabilize 

the voltage applied to the plates of the high-
frequency oscillator and b.f.o. tubes, and to 
the screen grid of the i.f. amplifier. Positive 
bias for the 6SK7 is obtained from a bleeder 
network connected to the regulated supply. 

Construction 

The parts arrangement is shown in Figs. 
5-35 and 5-36 and the components are identi-
fied in the captions accompanying the photo-
graphs. The chassis on which the parts are 
mounted measures 2 X 7 X 11 inches, and 
the cabinet that houses the finished receiver 
measures 8 X 8X X 14 inches. A panel 
measuring 8 X 12 inches is included as part 
of the cabinet, and the variable condensers are 
mounted on this panel. The sockets for the 
61i8 and the r.f. coils are mounted on 1-inch-
long metal pillars. Holes 1X inches in di-
ameter are cut in the chassis just below the 
three sockets and the below-deck leads are 
passed through these holes. Although the No. 
12 wire leads between the oscillator band-set 
condenser may appear to be unduly long, it is 
of no consequence since the leads are associ-
ated with the oscillator circuit rather than 
the mixer circuit. The dials used with these 
two condensers (shown in the front view) are 

Millen No. 10039. The bandspread condenser is 
a four-plate (two stator and two rotor) affair 
made by pulling out plates from the original. 
Inasmuch as bandspread is obtained by the 
parallel-condenser-and-coil method (this sys-
tem allows adequate bandspread to be ob-
tained without the bother of tapping the coils 
or using series condensers), it is necessary to 
adjust the L/C ratio of the oscillator circuit 
until the desired degree of bandspread is ob-
tained. A four-plate condenser of the type 
recommended will give full bandspread when 
used with the coils listed in the coil chart. The 
3.5-Mc. band is broken into two sections — 
3.5 to 3.8 Mc. and 3.7 to 4.0 Mc. This division, 
necessary if full bandspread is to be obtained 
on the higher-frequency bands, offers no 
operating disadvantage and, as a matter of 
fact, is a decided advantage because it gives 
full bandspread to the c.w. and 'phone portions 
of the 80-meter band. 

COIL TABLE FOR THE SIX-TUBE 

SUPERHETERODYNE 

Turns 
Range L1 L2 14 14 

550-1600 ke.  12 150 12 67 
2.4 to 6.45 Mc. (SO meters) 12 31 10 29 
6.4 to 13.8 Mc. (40 meters) 10 17 7 12 
13.8 to 27 Mc. (20 meters) 9 10 7 5 
23.5 to 47 Mc. (10-11 meters) 3 3 3% 1M 

The broadcast-band coils are close-wound with 
No. 30 d.s.c. on 4-prong forms having a diam. of 1%2' 
inches and a winding length of 234 inches. Li is 
wound on a cardboard tube of 34-inch diam., and 
is mounted inside the form. L2 has a winding length 
of 234 inches, and La has a length of 15/16 inch. 
Coils for all other bands are wound on 1-inch diam. 
forms (Millen 45004) with No. 26 d.s.c. wire. The 
turns of L2 and L4,with exception of L4 for 10 meters, 
are spaced to a length of 1 inch; L4 for 10 meters is 
close-wound. Antenna and tickler coils, Li and Ls, 
are close-wound, spaced about lIa inch from the bot-
tom of the main windings, except for 10 meters. The 
antenna coil for 10 meters is interwound with Ls, 
and the tickler coil is directly adjacent to 1,4. 
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_Fig. 5-34 — Circuit diagram of the six-tube receiver. 
CI, Ca — 140-µpfd. midget variable (Millen 22110). RIO — 1-megohm carbon potentiometer. 
— 25-add. midget variable (Millen 20025). 1114 — 0.22 megohm. 

C4 — 35-eigfel. midget variable (Millen 20035). 
Ca, Cg, Cs, C9, CIO, C11, C12, C13, C14, Cm, C18, C20 — 

0.01-mfd. paper, 400 volts. 
C7, CUS, C21 — 100-/555fd. mica. 
C17 — 0.05-pfd. paper, 400 volts. 
C19, C22 — 10-pfd. 25-volt electrolytic. 
Cc' — See text. 
Ri, Ra, IT — 47,000 ohms. 
R2 — 220 ohms. 
Ha, R18 — 0.1 megohm. 
R4 — 180 ohms. 
Rs — 2000-ohm wire-wound potentiometer. 
R7, Rs, Rn — 1.0 megohm. 
lIjo — 0.82 megohm. 
Rut, Ria — 0.27 megohm. 

The mixer section was designed with short 
leads between the tuning condenser and r.f. 
coil. The tuning condenser, C1, is mounted on 
the panel well down toward the coil socket. 
An " L "-shaped metal shield is mounted on the 
roil socket as shown in Fig. 5-35. The shield is 

Ris — 220 ohms, 1 watt. 
R16 —  7500 ohms, 10 watt:. 
Rio — 2200 ohms. 

All resistors A watt unless otherwise noted. 
Li through L4 — See coil table. 
Ji — Closed-circuit jack. 
ja — 5-prong chassis-mounting male plug. 
Si — S.p.s.t. toggle switch. 
Sa — S.p.d.t. toggle switch. 
Sag-11 — D.p.d.t. toggle switch. 
— 456-ke. interstage i.f, transformer, permeability-

tuned (Millen 64155). 
T2 — 456414c. diode transformer (Millen 64453). 
— 456-kc. b.f.o. assembly (Millen 65456). 

2 inches wide, has a 2%-inch base, and the 
vertical portion is 3% inches high. This shield 
was inserted between the mixer coil and the 
diode coupling transformer because of mag-
netic coupling that occurred between the two 
circuits when the receiver was operated at the 

lower frequencies. A 6-inch length of 
150-ohm Twin-Lead is used between 
the antenna input terminals and the 
antenna winding, LI. The by-pass con-

Fig. 5-35 — A top view of the six-tillie super. 
heterodyne. Coupling transformers Ti and 
Ta, the If. amplifier and double-diode tubes, 
and the b.f.o. assembly are in line across the 
rear of the chassis. The mixer and oscillator 
coils are to the right and left of the 6K8 con-
verter tube. The sockets for the tube and the 
coils are mounted above the chassis. An 
aluminum shield is mounted on the mixer-coil 
socket and provides shielding between this 
coil and the diode-coupling transformer (see 
text). The 6SL7GT i. to the right of the mixer 
coil, and the output and regulator tubes are at 
the right front of the chassis. 



HIGH-FREQUENCY RECEIVERS 113 
Fig. 5.36 — This bottom vie% of the six -t 
receiver shows how the by.pass and coupling 
condensers are closely grouped around the 
tube sockets. The chassis and panel are fas-
tened together by the switehes and controls 
mounted along the front wall of the chassis. 
The antenna terminals, S-meter tip-jacks, and 
the power-input connector, .12, are at the rear. 

densers for the r.f. section are mounted 
below the chassis and are connected 
with the shortest possible leads. 
The wiring of the components asso-

ciated with the rest of the receiver cit.-
cuit does not call for any special t rent-
ment with the exception of the lead 
to the grid of the first audio amplifier 
— this lead is made with shielded wire. The 
by-pass condensers are kept as close as possible 
to the tubes and circuit points that they 
by-pass, and spare socket prongs are used as 
tie-points wherever possible. Only three inde-
pendent tie-point strips are required: one is at 
the top léft-hand corner ( Fig. 5-36) for the con-
nection bet ween the 6SE7 cathode resistor and 
the lead to the t ube, one at the lower left-hand 
corner for mounting of the 65K7 grid-leak re-
sistor, and one to the left of the double diode for 
mounting of the a.v.c. filter resistor, R7. The 
pin-jacks, shown at the rear of the chassis, are 
shorted out, or eliminated entirely, if the use 
of an external S-meter unit is not contem-
plated. 

Tuning 

The first step in putting the receiver into 
operation is to align the i.f. amplifier. This 
should preferably be done with the aid of a 
test oscillator, but if one is not available the 
circuits may be aligned on hiss or noise. The 
beat oscillator can also be used to furnish a 
signal for alignment, by coupling its output 
temporarily to the grid of the 61i8. A d.c. 
voltmeter can be used to measure the voltage 
developed across R11212 during alignment. 
When the i.f. is aligned, the mixer grid and 

oscillator coils for a band can be plugged in. 
C3 should be set near maximum capacity and 
C2 tuned from maximum capacity until a 
signal is heard. The capacity of C2 should be 
further reduced until the same signal is heard a 
second time, this setting being the one th:It 
places the oscillator frequency on the high si le 
of the incoming signal. The high-capacity 
setting of C2 is used when the receiver is tuned 
to the 10- or 11-meter bands. The mixer tun-
ing condenser, C1, is adjusted for maximum 
signal strength after the oscillator adjustment 
has been completed. With C2 set at the low-fre-
quency end of an amateur band, further tuning 
should be done with C3, and the band should 
be found to cover about ninety per cent of the 
dial. C3 can of course be used for bandspread 

tuning outside as well as inside the amateur 
bands. 
The bandspread condenser need not be 

tuned for coverage of the broadcast band. Of 
course, it can be used for vernier tuning in the 
event that critical tuning is required to sepa-
rate stations operating on nearly the same 
frequency. Ordinarily, C3 can be set at mini-
mum capacity while the tuning of stations is 
done with C2. 

It is convenient to calibrate the receiver, 
using the scales provided for the purpose. 
Calibration points may be taken from incom-
ing signals whose frequencies are known, from 
a calibrated test oscillator, or from the har-
monics of a 100-kc. oscillator, as described in 

Fig. 5-37 — A combination 'speaker-and-power-supply 
unit for the 6-tube superheterodyne receiver. The power 
transformer, filter choke and rectifier tube are mounted 
on an open-ended chassis measuring U X I X 8 inches. 
The chassis and panel are fastened together by the 
toggle switch and the pilot-light assemblj. The filter 
condensers are mounted below the chassis. A five-wire 
cable, at the rear of the chassis, connects the power 
supply and the 'speaker to the receiver. The 'speaker can 
be mounted on either the right or left side of the cabinet 
shown in Fig. 5-33. 
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Fig. 5-38— Power-supply circuit diagram. 
CI, C2 - 20-mfd. 450-volt paper electrolytic. 
Ri — 47,000 ohms, 2 watts. 
Li — 8-henry 75-ma, filter choke (Stancor C-1355). 
li — 6.3-volt pilot-lamp-and-socket assembly. 
Ji — 5-prong socket on power cable. 
Pi - 115-volt a.c. line plug. 
Si — S.p.s.t. toggle switch. 
SPKR — Six-inch permanent magnet 'speaker. 
— Power tran4ormer, 350 volts each side of center-tap, 

70-ma. rating. Filament windings: 5 v. 3 amp.; 6.3 v. 
3 amp. (Stancor P-4078). 

Chapter Sixteen. The mixer need not lw 
calibrated, since tuning of the mixer cir-
cuit has little effect on the oscillator fre-
quency. However, a mixer calibration 
can be made to insure that the circuit is 
tuned to the desired signal rather than 
to an image. 

Power Supply 

A power supply suitable for the 6-tube 
receiver is shown in Figs. 5-37 and 5-38. 
The arrangement of components can be 
determined from Fig. 5-37. An output 
transformer and 'speaker are both 
mounted in I he 7F., X 8 X 8-inch cabinet 
that houses the power supply. This par-
ticular supply need not be used with the 
receiver if another supply of suitable de-
sign is available. It is only necessary that 
the supply deliver a well-filtered output 
of 250 volts at 70 ma. 

A Signal-Strength Indicator (S-Meter) 
If your receiver has no built-in S-meter 

and you would like one for comparing signal 
strengths (and for help in aligning your re-
ceiver), the unit shown in Figs. 5-39 and 
5-41 can be used. The wiring diagram, Fig. 
5-40, is an adaptation of Fig. 5-32C, and 
uses a 0-1 milliammeter as the indicator. A 
variable shunt, RI, allows the meter sensitivity 
to be regulated to suit the particular receiver, 
and R4 is for setting the meter to zero with no 
signal. The meter can be connected in the plate 

Fig. 5-39 — Front view of the signal-strength indicator 
The 0-1 milliammeter is mounted in a metal meter 
case. The zero-adjustment potentiometer, R4, is mount 
ed below the top of the cabinet by means of a" U "-shaped 
bracket; the potentiometer shaft is slotted so that i 
can be adjusted uith a screwdriver. A new face, call 
bratcd in S-units, can be pasted to the 0-1 ma. scale, or a 
calibration chart can be attached to the cabinet. 

circuit of any r.f. or i.f. amplifier controlled by 
the a.v.c. 
The construction of the unit is apparent 

from the photographs and is not at all critical. 

Fig. 5-40— Wiring diagram of the signal-strength 
indicator. 
Ri — 100-ohm wire-wound potentiometer. 
112-220 ohms, Vi watt. 
iii — 680 ohms, Vi watt. 
Its— 1000-ohm wire-wound potentiometer. 
14-4700 ohms, 1 watt. 
MA — 0-1 ma. d.c. meter. 

If possible and desirable, the meter and circuit 
can be built into the receiver instead of being 
made a separate unit. 

S-Meter CalibratiDn 

It is customary to calibrate in terms of S-
units up to about midscale, and then in " dec-
ibels above S9" over the upper half of the 
scale. Although there are no standards, cur-
rent practice is to use about 6-db. steps in the 
S-scale, and a 100-microvolt signal for " S9." 
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Fig. 5-41 — This rear view of the S-meter shows the 
meter shunt, R1, and a tie-point strip mounted on a 
metal strip attached to the rear side of the meter cabi-
net. Resistors R2, R3 and Rs are mounted on the tie-
point strip. A three-wire cable, running out of the case 
through a rubber grommet, connects the meter to the 
receiver. 

Such a calibration requires an accurate r.f. 
signal generator, and relatively few amateurs 
have access to laboratory equipment of this 
type. Also, the scale will be accurate only on 
the radio frequency at which the calibration 
is made. On different bands — or even in 
different parts of the sanie band — the r.f. 
gain of the receiver will change and the calibra-
tion will not hold. 
An S-meter is principally useful for making 

comparisons bet ween signals on or near the 
same frequency. For this purpose it is en-
tirely satisfactory to choose arbitrarily a signal 
that seems to you to be about the right strength 
to represent " S9," adjust the meter sensitivity 
to give a suitable reading on that signal, and 
then divide off the scale into equal intervals 
from zero to 9. 

Alternatively, points can be taken by com-
paring wit h another receiver that does have a 
calibrated S-meter. The two receivers may be 
connected to the same antenna so that simul-
taneous measurements can be made on in-
coming signals, provided their antenna input 
impedances are not widely different. Local 
signals should be used to avoid fading effects. 

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 
possible. This selectivity is obtained in the i.f. 
amplifier, 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 pos-
sible to remove completely one full set of side-
bands without impairing the quality at all. 
Maximum receiver selectivity in 'phone recep-
tion requires excellent stability in both trans-
mitter and receiver, so that they will both re-
main " in tune" during the transmission. The 
limit to useful selectivity in code work is around 
50 or 100 cycles for hand-key speeds, but it is 
difficult to use this much selectivity because it 
requires remarkable stability in both transmit-
ter and receiver, and to tune in a signal be-
comes a major problem. 

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 Ice.') to give a 1000-cycle beat-note. Now, 

it an interfering signal appears at 457 kc., 
or if the receiver is tuned to heterodyne the 
incoming signal to 457 kc., it will also be 
heterodyned by the beat oscillator to pro-
duce a 1000-cycle beat. Hence every signal can 
be tuned in at two places that will give a 100v-
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 kc., 
is greatly attenuated. 
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 
reception, hence the name: single-signal 
reception. 
The necessary selectivity is difficult to ob-

tain with nonregenerative amplifiers using 
ordinary tuned circuits unless a very low i.f. or 
a large number of circuits is used. In practice it 
is secured either by regenerative amplification 
or by a crystal filter. 

Regeneration 

Regeneration can be used to give a pro-
nounced single-signal effect, particularly when 
the i.f. is 455 kc. 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 kc. at 10 times down 
and 5 kc. at 100 times down being obtainable 
in one stage. The audio-frequency image of a 
given signal thus can be reduced by a factor of 
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Fig. 5-42 — Graphical representation of single-signal 
selectivity. The shaded area indicates the over-all 
bandwidth, or region in which response is obtainable. 

nearly 100 for a 1000-cycle beat-note (image 
2000 cycles from resonance). 

Regeneration is easily introduced into an i.f. 
amplifier by providing a small amount of 
capacity 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 con-
trolled 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 overload-
ing and increases selectivity. 
The higher selectivity with regeneration re-

duees 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. 
The disadvantage is that the regenerative gain 
varies with signal strength, being less on strong 
signals, and the receiver selectivity varies 
accordingly. 

Crystal Filters 

The most satisfactory method of 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 
dimensions of the crystal are made such that 
it is resonant at the desired intermediate fre-
quency. It is then used as a selective coupler 
between i.f. stages. 

Fig. 5-42 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 
eliminating the a.f. image, the high selectivity 
of the crystal filter provides great discrimina-

tion against signals very close to the desired 
signal in frequency, and, by reducing the band-
width, reduces the response of the receiver to 
noise both from sources external to the receiver 
and in the radio-frequency stages of the re-
ceiver itself. 

Crystal-Filter Circuits; Phasing 

Several crystal-filter circuits are shown in 
Fig. 5-43. 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 T1, 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 
condenser, C2, which has a maximum capacity 
somewhat 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 cir cuit is practically sym-
metrical; the crystal acts as a series-resonant 
circuit of very high Q and thus allows signals 
of the desired frequency to be fed through C3 
to L31.4, the output transformer. Without C2> 
the holder capacity (with the crystal acting as 
a dielectric) would pass signals of undesired 
frequencies. 
The phasing control lias 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 fre-
quency. Signals at the parallel-resonant fre-
quency thus are prevented from reaching the 
output circuit. The phasing control, by varying 
the effect of the holder capacity, permits shift-
ing the parallel-resonant frequency over a con-
siderable range, providing adjustable rejection 
of interfering signals. The effect of rejection 
is illustrated in Fig. 5-42, where the audio 
image is reduced, by proper setting of the phas-
ing control, far below the value that would be 
expected if the resonance curve were sym-
metrical. 

Variable Selectivity 

In circuits such as A and B, Fig 5-43, vari-
able selectivity is obtained by adjustment of 
the variable input impedance, which is ef-
fectively in series with the crystal resonator. 
This is accomplished by varying C1 (the se-
lectivity control), which tunes the balanced 
secondary circuit of T1. When the secondary is 
tuned to i.f. resonance the parallel impedance 
of the L2C1 combination is maximum and is 
purely resistive. Since the secondary circuit is 
center-tapped, approximately one-fourth of 
this resistive impedance is in series with the 
crystal through C3 and L4. This lowers the Q 
of the crystal circuit and makes its over-all 
selectivity minimum. At the same time, the 
voltage applied to the crystal circuit is 
maximum. 
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(c) 
Fig. 5-43 — Crvstal-filter circuits of three type,. All give 
variable band;idth, with C having the greatest range of 
selectivity. Their operation is discussed in the text. Suitable 
circuit values are as follows: Circuit A, special i.f. input 
transformer with high-inductance primary, Li, closely cou-
pled to tuned secondary, Lz; Ci, 50-ggfd. variable; C, 
each 100-ggfd. fixed (mica); C2; 10. to 15-gpfd. (max.) 
variable; Cz, 50-ggfd. trimmer; L3C4, i.f. tuned circuit, 
with 1.3 tapped to match crystal-circuit impedance. In cir-
cuit II. Ti is the same as in circuit A except that the second-
ary' ....liter-tapped; CI is 100-ggfd. variable; C2, C3 and Cs, 
same a, for circuit A; L2L4 is a transformer 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-ggfd. fixed (mica): Cz, 
opposed stator phasing condenser, approximately 8-iudd. 
maximum capacity each side; 1.3C3, high-Q If. tuned cir-
cuit; R, 0 to 3000 ohms (selectivity control). 

• 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 
associated vacuum tubes are called radio-
frequency amplifiers. For top performance of a 
communications receiver on frequencies above 
7 Mc., it is mandatory that it have one or two 
stages of r.f. amplification, for image rejection 
and improved sensitivity. (The improvement 
in sensitivity that can be obtained will be 
discussed later.) 

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 is often a tricky 
thing to control.) 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 ke., 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 regular re-
ceiver with an i.f. of 455 kc. can be converted 
to a triple-detection 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-is pentodes 
are practically always used, although tri-
odes (neutralized or otherwise connected so 
that they won't oscillate) are often used on 
the higher frequencies because they intro-
duce less noise. Pentodes are better where 
maximum image rejection is desired, because 
they have less loading effect on the circuits. 

• CROSS-MODULATION 
Since a one- or t wu-st age r.f. amplifier will 

have a passband measured in hundreds of 
kc. at 14 Mc. or higher, strong signals will be 
amplified through the r.f. amplifier even 
though it is not tuned exactly to them. If 
these signals are strong enough, their ampli-
fied magnitude may be measurable in volts 
after passing through several r.f. stages. If 
this 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 en-
countered in receivers with several r.f. stages 
that are working at high gain. It is readily 
detectable as a superimposed modulation on 

the signal being listened to, and often the 
effect is that a signal can be tuned in at several 
points. It can be reduced or eliminated by 
greater selectivity in the antenna and r.f. 
stages (difficult to obtain), the use of variable-µ 
tubes in the r.f. amplifier, reduced gain in the 
r.f. amplifier, or reduced antenna input to the 

receiver. 

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 ease of a.v.c., 
the bias is controlled in the grid circuit. 
Manual control of r.f. gain is generally done 
in the cathodé circuit. A typical r.f. amplifier 
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stage with the two types of gain control is 

shown in Fig. 5-44. 

Tracking 

In a simple receiver with no r.f. stage, it is 

no inconvenience 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. How-

ever, when r.f. stages are added ahead of the 

mixer, the selectivity of the r.f. stages and 

mixer makes it awkward to use a two-control 

receiver over an entire amateur band, even 

though the mixer and r.f. stages are ganged 

and require only one control. Hence most 

receivers with one or more r.f, stages gang all 

of the tuning controls to give a single-tuning-

control receiver. Obviously there must exist a 

constant difference in frequency (the i.f.) be-

tween 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 

receivers, are shown in Fig. 5-45. The track-

ing capacity, C5, commonly consists of two 
condensers in parallel, a fixed one of somewhat 

less capacity than the value needed and a 

smaller variable in parallel to allow for adjust-

ment to the exact proper value. In practice, 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 

From•—• 
ant of te' 
Poodle: 
stage o 

2S0V. MC. Manual 
control gain-control 
voltage voltage 

To grid 
of inner& 
folknong rf 
amplItler 

Fig. 54! - Typical radio-frequency amplifier circuit 
for a superheterodyne receiver. Representative values 
for components arc as follows: 

C2, C3, C4 — 0.01 pfd. below 15 Mc., 0.001 pfd. at 
30 Mc. 

RI, R2 — See Table 5-11. 
113 — 1800 ohm, 
R4 — 0.22 megohm. 

percentage difference between the oscillator 

and signal frequencies becomes smaller (that 
is, as the signal frequency becomes higher). 

Typical circuit values are given in the tables 

under Fig. 5-45. The coils can be calculated 

quite closely by using the ARRL Lightning 
Calculator, but they will have to be trimmed in 
the circuit for be:-1 t racking. 

In amateur-band receivers, tracking is sim-

plified by choosing a bandspread circuit that 
gives practically straight-line-frequency tuning 
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Fig. 5-45 — Converter-circuit tracking methods. Fol-
lowing are approximate circuit values for 450- to 465-kc. 
i.f.s, with tuning ranges of approximately 2.15-to-1 and 
(.2 having 140-ppfd. maximum, and the total minimum 
capacitance, including Cs or Cd, being 30 to 35 ¡odd. 

Tuning Range Lo L2 Cs 

1.7-4 Mc. 50 ph. 40 ph. 0.0013 pfd. 
3.7-7.5 Mc. 14 ph. 12.2 ph. 0.0022 pfd. 
7-15 Mc. 3.5 ph. 3 ph. 0.0045 pfd. 
14-30 Mc. 0.8 ph. 0.78 ph. None used 

Approximate values for 450- to 165-kc. i.f.s sitio a 
2.5-to-1 tuning range, Ci and C2 being 350-ppfd. maxi-
mum, minimum including C3 and Co being 40 to 50 paid. 

Tuning Range L1 L3 Ca 

0.5-1.5 Mc. 240 ph. 130 ph. 425 ppfd. 
1.5-4 Mc. 32 ph. 25 ph. 0.00115 pfd. 
4-10 Me. 4.5 ph. 4 ph. 0.0028 pfd. 
10-25 Mc. 0.8 ph. 0.75 ph. None used 

(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 

i.f. is 455 kc. and the mixer circuit tunes from 
7000 to 7300 kc. between two given points on 
the dial, then the oscillator must tune from 
7455 to 7755 kc. between the same two dial 
readings. With the bandspread arrangement 
of Fig. 5-12C, the tuning will be practically 
straight-line-frequency if the capacity actually 
in use at C2 is not too small; the same is true 

of 5-12A if C1 is small compared to Cs. 
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An advanced type of amateur receiver in-
corporating one r.f. amplifier stage, variable 
i.f. selectivity and audio noise limiting is 
shown in Figs. 5-46, 5-48 and 5-49. As can be 
seen from the circuit in Fig. 5-47, a 6SG7 
pentode is used for the tuned r.f. stage ahead of 
the 6K8 converter. An antenna compensator, 
CI, controlled from the panel, allows one to 
trim up the r.f. stage when using different an-
tennas that might modify the tracking. The 
cathode bias resistor of the r.f. stage is made 
as low as possible consistent with the tube 
iatings, to keep the gain and hence the signal-
to-noise ratio of the stage high. The oscillator 
portion of the 6K8 mixer is tuned to the high-
frequency side of the signal except on the 28-
Mc. band, the usual custom nowadays in com-
munications receivers. The oscillator tuning 
condenser, C17, is of higher capacity than the 
r.f. and mixer tuning condensers, in the in-
terest of better oscillator stability. 
The i.f. amplifier is Wiled to 455 kc., and the 

first stage is made regenerative by soldering a 
short length of wire to the plate terminal of the 
socket and running it near the grid terminal, as 
indicated by Cci, in the diagram. Regeneration 
is controlled by reducing the gain of the tube, 
and R12, a variable cathode-bias control, serves 
this function. The second i.f. stage uses a 
6K7, selected because high gain is not neces-
sary at this point. 
Manual gain-control voltage is applied to the 

r.f. and second i.f. stages. It is not applied to 
the mixer because it might pull the oscillator 
frequency, and it is not tied in with the first i.f. 
amplifier because it would interlock with the 
regeneration control used for controlling the 
selectivity. However, the a.v.c. voltage is ap-
plied to the r.f. and both i.f. stages, with the 
result that the selectivity of the regenerative 

• 

rig. 5-46 — An amateur.; 
bend eight-tube receiver. 
The knobs on the left con-
trol audio volume (upper) 
and b.f.o. pitch, and the 
two on the right handle 
r.f. and i.f. gain (upper) 
and i.f. regeneration. The 
knob to the left of the 
large tuning knob is fas-
tened to the MAN.. 
A.1 -.C.-13.F.0 switch, and 
the one on the right is for 
the antenna trimmer. The 
toggle switch under the 
dial throws high negative 
bias on the r.f. stage dur-
ing transmission periods. 

• 

stage decreases with loud signals and gives a 
measure of automatic selectivity control. 
Using a negative-voltage power supply for the 
manual gain control is more expensive than the 
familiar cathode control, but it allows a wide 
range of control with less dissipation in the 
components. The a.v.c. is of the delayed type, 
the a.v.c. diode being biased about 1% volts by 
the cathode resistor of the diode-triode de-
tector-audio stage. 
The second-detector-and-first-audio is the 

usual diode-triode combination and uses a 
6SQ7. A 1N34 crystal diode is used as a noise 
limiter, and is left in the circuit all of the time. 
As is mmon with this type of circuit, it has 
little or no effect when the b.f.o. is on, but it is 
of considerable help to ' phone reception on the 
bands where automobile ignition is a factor. 
The constructor can satisfy himself on its 
operation when first building the receiver and 
working on it out of the case. By leaving one 
end of the 1N34 floating and touching it to the 
proper point in the circuit, a marked drop in 
ignition noise will be noted. 
The b.f.o. is capacity-coupled to the de-

tector by soldering one end of an insulated wire 
to the a.v.c. diode plate and wrapping several 
turns of the wire around the b.f.o. grid lead. 
This capacity is designated Cc2 in the diagram. 
The wire was connected to the a.v.c. diode 
plate lead for wiring convenience — the a.v.c. 
coupling condenser, C32, passing the b.f.o. 
voltage without introducing appreciable at-
tenuation. 
Headphone output is obtained from the 

plate circuit of the 6SQ7 at Ji, and loudspeaker 
output is available from the 6F6 audio-am-
plifier stage. High-impedance or crystal head-
phones are recommended for maximum head-
phone output. 
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C17 — 35-ppfd. midget variable (National UM-35). 

— 220-pfd. mica. 
C33 — 0.05-pfd. paper, 200 volts. 
C34 — 0.1-pfd. paper, 200 volts. 
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Fig. 5-47 — Circuit diagram of the eight-tube receiver. 
Cri, CC2 — See text. 
Ri, Rio, Rio, R30 — 0.1 megohm. 
112 — 68 ohms. 
113, Ri + — 33,000 ohms. 
R4, Rs, Rs, R9, R15, Ris, R19 — 470 ohms. 
Re, 1113, 1120, R21 —  47,000 ohms. 
112 — 220 ohms. 
Ru — 180 ohms. 
1112 — 2000-ohm wire-wound potentiometer. 
1112 — 330 ohms. 
R22, 1123, 1129, 1133 —  1.0 megohm. 
R24, R28 — 0.15 megohm. 
R25 — 2700 ohms. 
R2e — 1.0-megohm carbon potentiometer. 
R27 — 25,000-ohm carbon potentiometer. 
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1181 — 470 ohms, 1 watt. 
Ras — 27,000 ohms. 
1134 — 0.22 megohm. 

All resistors watt unless otherwise noted. 
14 through Le — See 13011 table. 
ji — Closed-circuit jack. 
Si — S.p.d.t. toggle switch. 
S2A-B-C — Three-pole 3-position wafer switch (Centra-

lab 2507). 
T1, T2 — 456-kc. interstage i.f. transformer, permeabil-

ity-tuned (Millen 64456). 
T3 — 456-kc. diode transformer, permeability-tuned 

(Millen 64454). 
T4 - 456-ke. b.f.o. assembly, permeability-tuned (Mil-

len 65456). 
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• 
Fig. 5-48 — This view 
of the eight-inbe re-
ceiver chassis si s 
the mounting of the 
tiaie;iig condensers and 
the placement of most 
of the birge compo-
nents. flue three 
• shielded plug-in-coil 
assemblies can he seen 
to the left of the tun-
ing gang. The 6K8 
converter is the tube 
on the left nearest 
the panel. 

'the antenna termi-
nal strip, pow er-supply 
plug, headphone jack 
atol 'speaker terminals 
are mounted on the 
rear (foregr d in 
this view) of the 
chassis. 

• 
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Construction 

The receiver is built on an aluminum chassis 
mounted in a Par-Metal CA-202 cabinet, and a 
Millen 10035 clial is used for tuning. The chassis 
is made of le-inch-thick stock, bent into a 
" U"-cha.nnel, and measures 13 inches wide and 
7 VI inches deep on the top. It is 33A inches deep 
at the rear and inch less at the front. The 
rear edge is reinforced with a piece of 3A-inch 
square durai rod that is tapped for screws 
through the bottom of the cabinet, further to 
add to the strength of the structure when 
finally assembled. The various components 
that are common to the front lip of the chassis 
and the panel are used to tie the two together. 
The shield panel used to mount the antenna 

compensator condenser is also made of %6-inch 
aluminum with a 5 lip on the side for 
mounting. Part of t he lip must be cut away to 
clear wires and mounting plates on some sock-
ets, so it is advisable to put in the panel after. 
most of the assembly and wiring have been 
completed. Flexible couplings and bakelite 
rod couple the condenser to the panel bushing. 
The three tuning condensers are mounted on 

individual brackets of he-inch aluminum. The 
brackets measure 2 32 inches wide and 19i6 high, 
wit h -inch lips. A cover of thin aluminum — 
not shown in the photographs — slides over the 
condenser assembly to dress up the top view a 
bit. The dust cover is not necessary for satis-
factory operation of the receiver. 

Ceramic sockets are used for the plug-in coils 
and for the r.f. amplifier, converter and b.f.o. 
tubes. Mica condensers were used throughout 
the receiver for by-passing wherever feasible, 
because they lend themselves well to compact 
construction. Paper condensers could be used 
in the i.f. amplifier but they would crowd 
things a bit more, 

In wiring the receiver, small tie-points were 
used wherever necessary to support the odd 
ends of resistors and condensers, and rubber 
grommets were used wherever wires run 
through the chas-'i. wit II t lie exception of the 
tuning-condenser ka Is . '1'1 le latter leads, being 
of No. 14 wire, are self-supporting through the 
% e-inch clearance holes and do not require 
grommets. The same heavy wire was used for 
the grid and plate leads of the r.f. stage and 
the plate lead of the oscillator, to reduce the 
inductance in these leads. The tuning con-
densers are grounded back at the coil sockets 
and not above the chassis as might be the tend-
ency. Screen, cathode and plate by-pass con-
densers are grounded at a single point for any 
tube wherever possible, although is grounded 
at the r.f.-coil socket, C8 is grounded at the 
converter-coil socket, and C13 is returned at the 
oscillator-coil socket. The plate and B -I- leads 
from T1 are brought back to the converter 
socket through shield braid, and C21 is returned 
to ground at the converter socket. 
The b.f.o. pitch condenser, Cue, is insulated 

from the chassis and panel by fiber washers. 
and the rotor is connected back to the tube 
socket by braid that shields the stator lead. 
This is done to reduce radiation from the b.f.o. 
which might get in at the front end of the i.f. 
amplifier. 
The coils are wound on Millen 74001 per-

meability-tuned coil forms, according to the 
coil table. Series condensers are mounted inside 
the forms on all bands except the 80-meter 
range, where no condenser is required and the 
tuning condenser is jumped directly to the 
grid end of the coils. In building the coils, the 
washers are first drilled for the leads and then 
cemented to the form with Duco or other 
cement. The bottom washer is cemented close 
to the terminal pins, leaving just enough room 
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to get the soldering iron in to fasten the coil 
ends and to leave room for the series condenser. 
The large coils, L2, L4 and L9, were wound 
first in every case, and then a layer of poly-
styrene Scotch Tape *rapped over the coil, 
after which the smaller winding was put on and 
the ends of the windings soldered in place. 
Since for maximum range of adjustment it is 
desirable to allow the powdered-iron slug to be 
fully withdrawn from the coil, keeping the 
coils at the base end of the form allows the 
iron slug to travel out at the other end, under 
which condition the adjusting screw on the 
slug projects the least. To secure the wires 
after winding, drops of cement should be 
placed on them where they feed through the 
polystyrene washers. 

Alignment 

If a signal generator is available, it can be 
used to align the i.f. amplifier on 455 kc. in the 
usual manner. If one is not available, the 
coupling at Col can be increased to the point 
where the i.f. stage oscillates readily and the 
b.f.o. transformer is then tuned until a beat 
note is heard. The ot her transformers can then 
be aligned until the signal is loudest, after 
which Cci should be decreased until the i.f. os-
cillates with the regeneration control, R12, 
about 5 degrees from maximum. The trim-
mers on T1 then should be tuned to require 
maximum advancing of the regeneration con-
trol for oscillation, with a set value of ect. 
When properly tuned, the oscillation fre-
quency of the i.f. stage and the frequency for 
maximum gain in the regenerative condition 
will be the same. 
With a set of coils in the front end, set the 

tuning dial near the high-frequency end and 
tune in a strong signal or marker with the ad-
justment screw on the oscillator coil. The con-
verter and r.f. coils can then be peaked, with 
the antenna compensator set at about half 

Fig. 5-49— The mica 
by-pass condensers 
used throughout the 
r.f. and i.f. stages arc 
grouped around the 
sockets of their re-
"live tubes. Tie-

poi n ts are used wher-
ever necessary to sup-
port small resistors 
and condensers. The 
antenna trimmer con-
denser is mounted on 
a bracket w Filch also 
serves as shielding be-
tween the mixer- and 
r.f.-coil sockets, and 
it is offset to allow ac-
cess to the trimmer 
screws on the coil 
forms. The plate and 
B -4- leads from the 

i.f. transformer. 
ore run in shielded 

braid. .1- are the leads 
from the b.f.o. pitch-
eontrol condenser and 
the volume control. 

capacitance. Then tune to the other end of the 
band and see if you have enough bandspread. 
If the bandspread is inadequate, it means that 
CI4 is too large, and it should be reduced by 
using a smaller size of condenser or a combina-
tion that gives slightly less capacitance. The 
tracking of the converter and r.f. coils can be 
checked by repeaking the position of the slugs 
in the coils at the low-frequency end. If the 
converter- or r.f.-coil tuning slugs have to be 
advanced farther into the coil (to increase the 
inductance) it indicates that C9 or C1 should be 
larger. Tracking by the method described is at 
best a compromise, although to all intents and 
purposes the loss from some slight misalign-
ment is completely unimportant. Another 
method would be to tap the tuning condensers 
on the coil in the familiar bandspreading man-
ner, but this requires considerable time and 
patience. However, with the series condensers 
as used in this receiver, the tuning curve is more 
crowded at the high-frequency end of a range 
than at the low, and this would be reduced 
somewhat by the tapped-coil bandspread. 

COIL DATA FOR THE EIGHT-TUBE 
SUPERHETERODYNE 

Coil 3.5 Mc. 7 Mc. 14 Me. 28 Mc. 

Li 15 t. 9 t. 6 t. 4 t. 
Ls, L4 76 t. 33 t. 19 t. 8 t. 
Ci, Cs short 27 µoft'. 15 eaufd. 20 plafd. 
L3 25 t. 11 t. 7 t. 4 t. 
Ls 10 t. S t. 4 t. 2 t. 
La 47 t. 32 t. 14 t. 6 t. 
C14 short 42 µµfd. 27 µµ1d. 51 japfd. 

All coils wound on Millen 74001 forms, close-
wound. 3.5-Mc, coils wound with No. 30 enam.; 7-
Mc. coils wound with No. 30 d.s.c.; 14- and 28-Mc. 
coils wound with No. 30 d.s.c. on primaries and 
ticklers and No. 24 enam. on secondaries. C14 for 
7-Mc, range made by connecting 27- and 15-ppfd. 
condensers in parallel. CI, Cs and Cis, Erie Ceram-
icons, mounted in coil form. 
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Fig. 5.50 — Power-supply wiring dia-
gram. 
CI, Ca — 16-pfd. 450-volt electrolytic. 
Ca, C4— 8-ufd. 450-volt electrolytic. 
Hi — 500 ohms, 10 watts, wire-wound. 
Ri — 5000 ohms, 10 watts, wire-wound. 
Ra — 0.1 megohm, 1 watt, composition. 
Li — 30-henry 110-ma, filter choke 

(Stancor C-1001). 
Ti — 350-0-350 volts, 90 ma.; 5 volts 

at 3 amp., 6.3 volts at 3.5 amp. 

• 
The adjustment of Lg can be made, if deemed 

necessary, by lifting the cathode end of Rg and 
inserting a 0-1 milliammeter. If the tickler coil 
has the right number of turns, the current will 
be from 0.15 to 0.2 ma., and it won't change 
appreciably over the band. Although such a 
grid-current check is a fine point and not really 
necessary, it is a simple way to determine that 
the oscillator portion is working, since the cold 
ends of Lg and Lg are at the same end of the 
form — the plug end — and this necessitates 
winding the two coils in opposite directions. 
Some trouble may be experienced with os-

cillation in the r.f. stage at 28 Mc. However, a 
grounding strap of spring brass, mounted 
under one of the screws holding the mixer-coil 
socket to ground the shield when the coil is 

Fig. 5-51— Power supply for the eight-tube receiver. 
Two rectifiers are required because a separate supply is 
incorporated for gain-control purposes. The filter choke 
and the negative-supply filter condensers are mounted 
under the chassis. At the rear of the chassis is the -"cis et 

for the power cable. 

I CI 

3 1-V 
2 53 

C2-

c3 I C4 

*250V 

R2 

+105V 

275V. 

6.3V. 

plugged in, will nt ulna lly clear up the trouble. 
Inadequate coupling to the antenna will also 
let the r.f. stage oscillate under some tuning 
conditions, and close coupling is highly recom-
mended for stability in this stage and also for 
best signal response. A 10-ohm resistor from 
L2 to the grid of the 6SG7 will also do the 
trick. 

It will be found that the over-all gain of the 
receiver is quite high on the lower-frequency 
bands, requiring that the r.f. gain be cut down 
to prevent overloading on strong signals. For 
c.w. reception, the regeneration control is 
advanced to the point just below oscillation 
and the b.f.o. is detuned slightly to give the 
familiar single-signal effect. For 'phone recep-
tion, 52 is switched to " A.V.C." and volume-
control adjustments made with the audio 
control, R26. If desired, the regeneration con-
trol can be advanced until the i.f. is oscillating 
weakly, and then a heterodyne will be obtained 
on weak carriers, making them easy to spot. 
Strong carriers will pull the i.f. out of oscilla-
tion because the developed a.v.c. voltage re-
duces the gain, and hence a simple form of 
automatic selectivity control is obtained. If it 
is considered desirable to reduce the i.f. gain 
when switched to the " A.V.C." position, the 
regeneration control can be used for this pur-
pose. The " MAN." position permits manual 
gain-control operation with the b.f.o. off. 
The switch Si is used for receive-transmit 

and throws about 40 volts negative on the grid 
of the first r.f. stage. 

Power Supply 

A power supply suitable for the eight-tube 
receiver is shown in Figs. 5-50 and 5-51. An 
idea of the parts arrangement can be obtained 
from Fig. 5-51, although there is nothing criti-
cal about this portion of the receiver. If one 
wants a neat-looking station with no loose 
power supplies in sight, the power supply can be 
built into one corner of the loudspeaker cabinet. 

Improving Receiver Sensitivity 

Early in this chapter it was pointed out that 
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 
the image rejection is poor, a receiver with no 
r.f. stage is generally satisfactory, from a sen-
sitivity point, in the 3.5- and 7-Mc. bands. 
However, as the frequency is increased and the 
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atmospheric 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 con-
verter tubes have very poor noise figures, and 
even the best pentodes and triodes are three or 
four times noisier when used as mixers as they 
are when used as amplifiers. 

If the purpose of an r.f. amplifier is to im-
prove the receiver noise figure at 14 Mc. and 
higher, a high-Gm pentode or triode should be 
used. Among the pentodes, the best tubes are 
the 6AC7, 6AK5 and the 6SG7, in the order 
named. The 6A K5 takes the lead above 30 
Me. The 6J4, 6J6 and 7F8 are the best of the 
triodes. For best noise figure, the antenna 
circuit should be coupled a little heavier than 
optimum. This condition leads to poor selectiv-
ity in the antenna circuit, so it is rather futile 
to try to combine best sensitivity with maxi-
mum 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 amateur is to add a pre-
amplifier, a stage or two of r.f. amplification 
designed expressly to improve the sensitivity. 
1 f image rejection is lacking in the receiver, 
some selectivity should be built into the pre-
amplifier (it is then called a preselector). If, 
however, the receiver operation is poor 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 improved simply by tighter coupling to the 
antenna. Since the receiver manufacturer has 
no way to predict the type of antenna that will 
be used, he generally designs the input for 
some compromise value, usually around 300 
or 400 ohms in the high-frequency ranges. If 
your antenna matches to something far differ-
ent 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 match-
ing device as described later in this chapter. 
Overcoupling the input circuit will often im-

prove sensitivity but it will, of course, always 
reduce the image-rejection contribution of the 
antenna circuit. 
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 conse-
quences, 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 im-
prove the sensitivity because the greater gain 
it provides 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 be-
comes a two-handed-tuning device. Regenera-
tion should not be overlooked as an expedient, 
however, and many amateurs have used it 
with considerable success. High-Gm tubes are 
the best as regenerative amplifiers, 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 am-
plifier) but by changing the loading or the 
feed-back coupling. This is tricky 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 c.w. 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 controlled 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 G. of the first tube is reduced, 
and its noise figure becomes higher. An elab-
orate receiver might well have separate gain 
controls for the first r.f. stage and for all 
if, stages. 

A Dual-Triode Preamplifier 

The 6.16 preamplifier shown in Figs. 5-52, 
5-54 and 5-55 is a simple device that can be 
used ahead of a receiver on 14 or 28 Mc. to 
improve the sensitivity. It is designed to be 
built for one band only and left fixed, although 
coil dimensions are given for both the 10- and 
20-meter bands. 

As can be seen from the circuit diagram in 
Fig. 5-53, the input circuit uses a reactance 
network, C1C2, to enable the operator to adjust 
the input of the preamplifier to whatever 

impedance his antenna system works into best. 
Higher impedances require that the ratio of 
C1 to C2 be made larger. Final peaking is done 
with LI, and the only trimming done during 
actual operation is in the output circuit, L2C5. 
C5 is made variable and is the only control 
easily accessible to the operator. This circuit 
provides some additional selectivity ahead of 
the receiver fer image rejection, but the input 
circuit is coupled heavily to the antenna and 
hence adds no selectivity. The antenna circuit 
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Fig. 5-52 — A one-
tube 6J6 preampli-
fier for boosting re-
ceiver sensitivity 
on 14 or 28 Me. 
Note the tues holes 
in front of the an-
tenna ',gets through 
which the antenna-
coupling contiens. 
ers are adjusted. 

requires no retuning cver the bands. With this 
type of input matching, an antenna with a 
"flat" line works best, since there are some 
impedances pi esented by tuned lines that are 
difficult to match with this arrangement. 
The first half of the 6J6 acts as a cathode-

follower stage, and its output signal is devel-
oped across Rt. The second half of the tube 
acts as a grounded-grid r.f. amplifier and hence 
requires no neutralization. With the output 
of the preamplifier connected to a receiver but 
with the input disconnected from the antenna, 
it is possible to make the amplifier oscillate, 
but connecting an antenna and tuning the 
input properly results in a stable amplifier. A 
regenerative condition in the amplifier will 

R2 

To 
Receiver 

.125V. - 53V. 

Fig. 5-53 — Circuit diagram of the 676 cathode-coupled 
preamplifier. 

CI, C2 — 3- to 30-ggfd. mica trimmer (National M -SO). 
C3, C4 — 0.001 -mfil. mica, smallest size. 
C5 — 35-gpfd. midget variable (Millen 20035). 
RI — 470 ohm., 1 -watt carbon. 
Rz, 113 — 1500 ohms, -watt carbon. 
Li — 28 Mc.: 17 turns No. 22 d.c.c., close-wound. 
— 14 Me.: 34 turns No. 30 d.c.c., close-wound. 

1.2 — 28 Mc.: 10 turns No. 18 enam., space-wound to fill 
form. 

—14 Mc.: 20 turns No. 22 d.c.c., close-wound. 
1.3 — 3 turns No. 18 flexible hook-up wire dose-wound 

over ground end of Lz. 
Coils are wound on National X R-50 form.. 

require retuning of the input circuit over an 
amateur band, and is to be avoided. 

Construction 

The construction of the unit is a simple, 
matter. Wit h the single exception of the inter-
stage shield, all of the components are mounted 
on the 4 X 5-inch piece of aluminum used to 
replace one side of the 3 X 4 X 5-inch box. 
This makes it easy to work on the unit, s'ince 
all of the construction work can be done with 
the chassis removed from the box. The two 
condensers, C1 and C2, are supported by No. 12 
tinned wire soldered to the input terminals (a 
National FWH assembly) and a lug on a small 
National GS-10 stand-off insulator. The output 
tuning condenser, C5, is mounted on a small 
aluminum bracket. All r.f.-circuit grounds are 
brought to a single lug under one of the 6.16 
socket mounting screws. The power leads are 
brought out through a Jones P-303-AB minia-
ture plug, and the lip of the case must be cut 
out slightly to clear one bracket of this plug. 
The output cable, a length of RG-58/U, is 
secured to a small tie-point which also serves 
as a tie-point for the ends of /4. The outer 
conductor of the cable is grounded by the tie-
point mounting bracket. 
The interstage shield is fastened to one side 

of the case only, and it is juggled into place 
after the chassis is fastened down. The inter-
stage shield has a notch to clear the r.f.-circuit 
ground lug, and another notch holds the output 
cable in place. A small hole is necessary to 
pass the lead from L1 to the grid of the tube. 
This grid lead must be connected after the 
shield is in place, but it is the only connection • 
that can't be made beforehand. The grounded 
grid lead, from Pin 6, runs across the socket to 
the socket center shield, to Pin 3, and to 
ground. 
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Adjustment 

The permeability-tuned coils and the ad-
justable input condensers make adjusting the 
preamplifier a fairly easy job. Connecting the 
amplifier to the receiver, C5 is set at about half 
scale and the core of L2 adjusted for resonance, 
as indicated by a slight increase in noise in the 
receiver. Then different ratios of 
C1 to C2 are tried, resonating the 
circuit with the slug in LI, until 
best results are obtained. If C1 is 
small compared with C2, the load-
ing on the input circuit will be 
light, and if it is too light the am-
plifier will oscillate. This is reme-
died by increasing the capacity 
of C1 (or decreasing that of C2) 
and reresonating LI. If the re-
ceiving antenna uses a tuned line, 
some combinations may occur 
where proper loading cannot be 
obtained, in which case it. may be 

Fig. 5-55 — The pre. 
amplifier chassis re-
moved from the case 
shows the parts ar-
rangement. All r.f. 
grounds are made to 
one common point. 

Fig. 5-54 — A view of 
the underside of the 
preamplifier shows the 
shield partition in 
place. 

necessary to resort to an external 
tuned circuit link-coupled to the 
input of the preamplifier. With a 
reasonably " flat" line, no diffi-
culty- should be encountered. 

If the input circuit is too lightly 
loaded by the antenna, the pre-
amplifier may be regenerative. 
While it will be sensitive in this 
condition, the regeneration will 
sharpen the input circuit so much 

that it will be necessary to retune L1 several 
times across the band. Since the best noise 
figure generally obtains when the antenna 
coupling is slightly more than " critical cou-
pling," there is no advantage in the regenera-
tive condition except possibly the improved 
image rejection. The disadvantage of having 
to retune L1 is obvious, however. 

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 feedline to the receiver, in 
order to get the most out of the antenna. A 
compact unit for this purpose is shown in Fig. 
5-56. The wiring diagram, Fig. 5-57, shows 
that the unit is a simple pi-section coupler. 
Through proper selection of condensers and 
inductances, a match can be obtained over 
a wide range of values. It can be placed 
close to the receiver and left connected all 

of the time. since it will have little or no ef-
fect on the lower frequencies. A short length 
of 300-ohm Twin-Lead is convenient for con-
necting the coupler to the receiver. 
The antenna coupler is built in a 3 X 4 X 5-

inch metal cabinet. All of the components ex-
cept the two pairs of terminals are mounted on 
one panel. 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 
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Fig. 5-56 — Rear vie u uf the antenna-coupling unit. 
The two coils can be seen directly below the two tuning 
condensers. 

coils, wound on National PRD-2 polystyrene 
forms, are fastened to the panel with brass 
screws, and the coils should be wound on the 
forms as far away as possible from the mount-
ing end. If this still leaves the coil ends within 
3/2 inch of the panel, the forms should be spaced 
away from the panel by National XP-6 but-
tons. The switch should be wired so that the 
switching sequence puts in, in each coil, 0 
turns, 23/2 turns, 6h turns, 14 turns and 30 

turns. All of the wiring, with the exception of 
the input and output terminals, can be done 
with the panel removed from the box. 
The unit is adjusted for maximum signal by 

switching 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., the coils 
should be switched out of the circuit and the 
condensers set at minimum. 

Fig. 5-57 — Circuit diagram of the coupling unit. 
CI, C2— 100-ted. midget variable (Millen 22100). 

30 turns No. 18 d.c.c. close-wound on V2-inch 
diameter polystyrene form, tapped at 2%, 6% 
and 14% turns. 

Si — 2-circuit 5-position single-section ceramic wafer 
switch (Mallory 173C). 

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 con-
verter 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 con-
verters 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 critical, 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 trim-
ming the inductances. They are a little more 
prone to cross-modulation than the gang-
tuned r.f. stages, however, because of the lack 
of selectivity. The fourth type of converter, 
although the most difficult to build, is proba-
bly the most satisfactory, 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 unobtainable with self-controlled 
oscillators. Amateurs who specialize in opera-
tion on 28 and 50 Mc. often develop good 
converters for use ahead of conventional 
communications receivers, and the extra trou-
ble often pays off in outstanding performance 
for the station. 

While converters can extend the operating 
range of an existing receiver, their greatest 
advantage 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 ama-
teur is assured of top receiver performance. 
With separate converters for each of several 
bands, changes can be made in any one without 
disabling or impairing the receiver performance 
on another band. The use of converters ahead 
of the low-frequency receiver is rapidly be-
coming standard practice on the bands above 
14 Mc. 
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A One-Tube Converter for 10 and 11 Meters 

The 10- and 11-meter converter shown in 
Figs. 5-58 and 5-60 is a simple unit that can be 
built in a few hours, for a cost of less than ten 
dollars. The converter uses a fixed-frequency 
oscillator and tunable input and output cir-
cuits. The fixed oscillator frequency is selected 
to take advantage of the calibration and band-
siread offered by the communications receiver 
into which the converter works. Because of the 
light current consumption — 10 to 12 ma. — 
it is usually possible to operate the converter 
from the receiver power supply. 
The circuit diagram, Fig. 5-59, shows that a 

Type 6BE6 miniature pentagrid-converter 
tube is used. The tuning range of the oscillator 
allows the oscillator to be set 4 to 6 Mc. below 
the frequency of the signal (input) circuit, and 
the receiver into which the converter works 
must be able to cover the range 4-6 Mc. 
A Hartley circuit is used in the oscillator 

portion of the 6BE6. Coil L3 is connected in 
parallel with condensers C2 and C4, and the 
frequency of the oscillator is determined by the 
values of these three components. The fre-
quency of the oscillator must remain fixed 
after the converter has once been adjusted, 
and, as a result, stability is an important re-
quirement. This condition is obtained by using 
a high-C tank circuit, with the 100-add. 
condenser, C4, providing the major portion of 
the capacity. The variable condenser, Cry, is 
used as a vernier control for selection of a 
spot-frequency within the oscillator-frequency 
range. Feed-back control for the oscillator is 
obtained by moving the 6BE6 cathode tap on 

Fig. 5-58 — A front view of the ten-meter converter. 
The components and controls on the front wall of the 
case, from left to right, are as follows: top row, r.f. tun-
ing control, oscillator tuning knob, and i.f.-eircuit con-
trol; bottom row, dial-light assembly, antenna change-
over switch, and filament switch. 

L3. Bias voltage for the oscillator is developed 
across resistor- RI, and Cg is the grid-blocking 
condenser. Condenser Cg keeps the screen 
grid at ground r.f. potential, and the drop-
ping resistor, R2, reduces the receiver sup-
ply voltage to 100 volts — the value recom-
mended for the 6BE6 screen grid. The exact 
value for this resistor cannot be suggested at 
this time because the receiver supply voltage 
must be known before the resistance can be 
calculated. However, the resistor will carry 
about 7 ma., and it will probably have a 
resistance somewhere between 10,000 and 
22,000 ohms. 

The input circuit consists of coils LI and L2 
and condenser C1. The antenna coil, LI, is 
center-tapped to allow changing from the 
doublet to a single-wire type of antenna with-
out the necessity for grounding one of the input 
terminals. 
The output circuit uses a parallel tank cir-

cuit, C3L4, an output link, L5, and a de-
coupling network formed by condenser C7 and 
resistor R3. 
Antenna change-over and stand-by switch-

ing is done with the selector switch, SIA.-
B-C-13. When set at one of the two positions, 
sections A and B will connect the antenna to 
the converter input coil while section C will 
connect the output link, Lg, to the output jack, 
J. At the same time, section D will com-
plete the high-voltage connection between 
the input jack, J2, and the plate and screen 
circuits. When the selector switch is thrown 
to the second position the antenna will be 
connected to the receiver and plate and screen 
voltage will be removed from the 613E6. This 
action of disconnecting the antenna and high 
voltage during transmission periods prevents 
converter-tube overload and damage to the 
input coils that might be caused by the strong 
transmitter signal. A toggle switch, 82, is used 
as the heater on-off control. 

Construction 

A utility box, measuring 3 X 4 X 5 inches, 
serves as the chassis and cabinet for the con-
verter. The variable condensers, switches, 
pilot-light assembly and jacks should be 
mounted ott the front and rear walls as shown 
in Fig. 5-60. The condensers are mounted in 
line on the front wall, with the shafts centered 

exactly 1 inch down from the top of the box. 
The pilot-light assembly and switches are 
mounted below the condensers and, in each 
case, are centered 11/16 inch above the bot-
tom edge of the case. 
The tube socket is mounted on the top cover 

of the utility box and is located 1% inches from 
the front edge. Holes to pass the coil-form 
mounting screws are drilled on either side of the 
tube socket; these holes are h inch in from the, 
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ends of the cover. A tie-point strip is mounted 
to the rear and right of the tube socket. 
Wiring of the unit will be greatly simplified 

if the wiring is divided into two jobs. The 
first half includes the wiring associated with 
the parts mounted on the case walls. This in-
cludes the jumper connections on the selec-
tor switch and the connections between this 
switch and the input and output jackwand 
terminals. Amphenol 300-ohm Twin-Lead 
is used between the antenna terminals and 
switch sections A and B but ordinary hook-
up wire, twisted to form a low-impedance 
line, can be used. The lead from the switch 
to the output jack should be placed up 
against the rolled-over edge of the box, to 
obtain as much shielding as possible. The 
pilot light and toggle switch can be wired at 
this time, and a 6-inch lead should be left 
hanging from the switch side of the pilot 
light so that the tube filament circuit can be 
completed when the unit is assembled. The 
plate by-pass condenser, C7, can be con-
nected between the rotor terminals of the Lf. 
and oscillator condensers, and the decou-
pling resistor, R3, can be mounted between 
C3 and section D of the selector switch. 
The input and output coils should now be 

wound on the forms suggested in the parts 
list. Holes, separated by the recommended 
distance, are drilled straight through the 
forms, and the ends of the windings are 
pulled through these holes and cemented in 
place. The antenna coil is wound directly 
below the grounded end of the•grid coil, L2, 
and the output link is wound over the cold 
end of L4. It will not be possible to pass the 
top end of the output link, L5, through a hole 
because L4 is directly below this winding and, 
as a result, the free end of the link should be 
held in place with Scotch Tape or cement until 
the coil is mounted and wired. The oscillator coil, 
L3, can be wound on a dowel or tube of 5%-inch 
diameter; the coil will expand to a 3/t-inch diam-
eter when it has been slipped off the form. 
The tube socket, tie-point strip and coils are 

now mounted in place on the box cover. Solder-
ing lugs are placed under each of the tube-
socket mounting nuts. The oscillator coil is 
soldered between one of the lugs and one 
of the tie-point terminals. Condenser C4 is 
connected across the ends of L3, and the grid 
resistor, grid-blocking condenser and screen 
by-pass are wired into the circuit. 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 

(ohms) = supply voltage — 100 
0.0073 

Example: Supply voltage 250; the resistor value 

is 250 — 100 20,500 ohms. Anything within 
0.0073 

10% of this figure would be satisfactory. 

Fig. 549 — Circuit diagram of the low-cost ten-meter 
converter. 

CI, C2 — 15-µµfd. variable (Millen 20015). 
Ca — 75-gdd. variable (Millen 20075). 
C. — 100.0µM. silver mica. 
— 47-mdcl. mica. 

Cs, C7 — 0.01-dd. paper. 
Bi — 22,000 ohms, % watt. 
112 — Screen resistor; see text. 
113 — 1,000 ohms, 1 watt. 
— 5 turns No. 22 d.c.c., e-inch diam., close-wound 

and center-tapped. 
L2 — 13 turns No. 22 d.c.c., 9.1e-inch diam., ',7,¡ inch long. 
La — 6 turns No. 14 tinned, 54-inch diam., % inch long. 

Cathode tap 1% inches from cold end. 
L4-78 turns No. 32 d.c.c., 9s-inch diam., inch., 

long. 
L5— 10 turns No. 32 d.c.c., close-wound. 

Coils Li, L7, L4 and L5 wound on National Type 
PRE-3 forms. 
It — 6.3-volt pilot-lamp-and-socket assembly. 
Ji — l'anel-mounting female socket (Jones S-101). 
J2 — Panel-mounting male socket (Amphenol 86-CP4). 
SIA-13-C-13 — 4-pole double-throw selector switch (Mal-

lory 32421). 
Sa — S.p.s.t. toggle switch. 

An 8-inch lead should be connected to the 
high-voltage end of the screen-resistor mount-
ing terminal; the free end of this lead will be 
connected to the selector switch during the 
final stage of the wiring. The grounded ends 
of L2 and 14, and the center-tap of LI, are 
connected to the grounded soldering lugs, and 
2-inch tinned wire leads are connected to the 
following points: one to each soldering lug and 
one each to Pins 5 and 7 of the tube socket. A 
connection is now made between the cathode 
prong of the tube socket and the tap on coil 
L3, and a connection is made between the 
screen dropping-resistor, R2, and the screen-
grid pin (No. 6) of the socket. 
The top cover is now attached to the case 

and the wiring completed. Few connections 
remain to be made and, in each case, wires are 
already provided and soldered in place at one 
end. After the wiring has been completed it 
should be given a final check before the testing 
is started, paying special attention to the 
heater and plate circuits. Extreme care must - 
be taken while soldering leads that terminate 
at the ends of Lo, 102, L4 and La. These coils 
are wound on polystyrene forms which melt 
and lose shape if subjected to intense heat for 
any length of time. 



130 CHAPTER 5 

Testing 

Adjustment of the converter is convenient if 
a test oscillator is available, but it is not neces-
sary. Power for the unit can be obtained from 
the receiver with which the converter is to be 
used, or from a separate power supply. The 
converter requires 6.3 volts at 0.45 ampere for 
the heater and pilot lamp, and 200 to 250 volts 
d.c. at 10 to 12 Ina, for the plate and screen. 

After the power supply has been connected, 
it is advisable to check the screen and plate 
voltages with a voltmeter. It may be necessary 
to change the screen-dropping resistor, R2, if 
the voltage at Pin 6 isn't between 90 and 110. 
A coaxial or shielded cable should be con-

nected from the converter output jack to the 
receiver input terminals. The cable must be 
shielded to avoid the pick-up of unwanted sig-
nals. If your transmitter uses VFO, set it to 
28 Mc. and your receiver to 4 Mc. If you don't 
have VFO but use crystal control, set the re-
ceiver to your crystal frequency minus 24 Mc. 
lf, for example, your crystal gives a harmonic 

Fig. 5-60 — An inside view of the tro-no-t..., 
converter. The r.f. and if. coils are at the 
right and left ends of the box, respectively. 
The oscillator coil may be seen to the rear of 
the tube socket. This view also shows the 
arrangement of the components mounted on 
the fr t wall of the ease and the location 
of the input and output connectors which 
are mounted on the rear wall. The plate by--
pass condenser is in a vertical position be-
tyyeen the oscillator and the If. tuning 
...endensers. 

at, 28,650 kc., set the receiver to 
4650 kc. The converter oscillator 
condenser, C2, should now be ad-
justed until the VFO or crystal har-
monic can be heard. If the harmonic 
can't be heard, run a wire from the 
antenna posts of the converter close 
to the transmitter oscillator. If the 
signal from the transmitter oscillator 
is too loud, reduce the length of the 
wire or remove it entirely. When the 
signal is reasonably weak in the con-
verter, the input and output tuning 

capacitors, C1 and C3, can be tuned to make 
sure that the coils don't need trimming to bring 
the tuning ranges within the bands. 

Once the converter has been carefully set up 
on a known frequency within the 10- or 11-
meter bands, C2 is left fixed and the tuning is 
done with the receiver. The frequency of the 
incoming signal can be read directly from the 
receiver, by adding 24 to the receiver fre-
quency in Mc. For example, a 28-Mc, signal 
will tune at 4 Mc., and a 29.250-Mc, signal 
will fall at 5.250 Mc. When tuning the 11-
meter band, the setting of C2 is changed so that 
a signal frequency of 27 Mc. corresponds to 
4.0 Mc. on the receiver. 
The converter, when properly aligned and 

working into an average receiver, gives a 
signal-to-noise ratio of 10 to 1 with an input 
signal of about 10 microvolts. In operation, 
C1 and C3 need not be touched over a tuning 
range of about 150 or 200 kc. on the receiver. 
Therefore, these controls should be touched up 
at intervals if the entire 10-meter band is being 
combed. 

A Bandpass Converter for 14, 28, and 50 Mc. 

The converter shown in Figs. 5-62, 5-63, 
5-64 and 5-65 will give reception in the 14-, 
28- and 50-Mc. bands with any receiver capa-
ble of tuning to 7.3 Mc. To simplify construc-
tion, the r.f. stages are fixed-tuned and only 
the local oscillator is tuned when running 
across a band. The bandwidth of the r.f. 
stages is sufficient to accept any signal over an 
amateur band without noticeable attenuation. 
The broad-banding is obtained by loading the 
circuits with resistors to reduce the Q, using a 

minimum of capacity for the saine reason, and 
then " staggering" the circuits; i.e., tuning 
them to slightly different frequencies so that 
the resultant passband is broad and nearly fiat 
within the required range. The input circuit, 
from the antenna, must be broad, and this can 
only be obtained by heavy coupling to the 
antenna. This condition coincides with the 
condition for best signal transfer. 

As can be seen from the wiring diagram in 
Fig. 5-61, the only tuning controls in the r.f. 
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Fig. 5-61 — Circuit diagram 
CI, C2, C4, Ca, C7, Cs, Cis — 0.001-dd. postage-stamp 

mica. 
C3, Cs — 100-/4i4fd. postage-stamp mica. 
C9 — 0.01.14fd. mica. 
CIO, CI8 — ceramic (Erie N150). 
C11, Cl2 — 16-mfd. 450-volt electrolytic. 
Cia — 27-pmfd. ceramic (Erie N150) across CI4 plus 

additional capacity mounted in L7Ls form. See 
coil table. 

CI4 — 11-pad. midget variable (Hammarlund HF-15 
with one stator plate removed). 

RI, 114 — 180 ohms. 
Ra, Ro, R14, Rib — 270 ohms. 

stages are the powdered-iron slugs of the coils. 
These are used to resonate the coils with the 
circuit capacities to the signal frequency. The 
loading resistors, R3 and R6, are used to broaden 
the circuits. The plate and screen voltages are 
the same on each r.f. amplifier tube, to reduce 
the number of by-pass condensers, and filter 
resistors are used to prevent over-all 
feed-back through the common power 
lead. Another possible source of over-
all feed-back is the heater circuit, 
and in this converter the " hot" 
heater lead to the input stage was run 
in shield braid to reduce the pos-
sibility of feed-back. 
Tho oscillator is a straight plate-

tickler type using a 604, and it is 
coupled to the mixer through a ca-
pacity shown as dashed linos in the 
diagram. Actually the coupling ca-
pacitor consists of a short length of 
wire near the grid of the mixer tube. 
The output frequency is 7.3 Me. 

approximately, and this is the fro-

Fig. 5-62 — A 28-Mc. converter 
that uses fixed-tuned r.f, stages and 
thus eliminates the ganging prob-
lem. The knob at left is for the "send. 
receive" switch, and the right-hand 
knob is for gain control. 

of the bandpass converter. 
113, Re, Rs — 6800 ohms. 
117 — 1.5 megohms. 
R9 — 1.0 megohm. 
Rio — 2000-ohm potentiometer, wire-wound. 
• — 10,000 ohms, 2 watt:. 
Rix — 1250 ohms, 10 watts, wire-wound. 
R12 — 51,000 ohms, 1 watt. 

All resistors jà. watt unless otherwise specified. 
• — See coil table. 
L9 — 8-henry 50-ma, filter choke (Stancor C-1279). 
Si — S.p.s.t. rotary switch. 
SR S.p.s.t. switch, mounted on Rio. 
T1 — 300-0-300 volts, 50-ma, power transformer, with 

5- and 6.3-volt windings (UTC R-6). 

queney to which CIOL5 is tuned. If a frequency 
slightly below 7.0 Mc. is used, there is a pos-
sibility that the fourth harmonic of the receiver 
high-frequency oscillator will find its way into 
the converter when operating in the 28-Mc. 
band, resulting in a constant signal that has 
only nuisance value. A low-impedance shielded 
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COIL DATA FOR THE BANDPASS CONVERTER 

Cal 14 Mc. 28 Mc. 60 Me. 

Li 
Ls 
14, L4 

1.6 

L6 

ift 

Ls 
Cut 

13 t. No. 26 d.c.c. 
35 t. No. 24 d.c.c. 
25 t. No. 24 d.c.c. 
37 t. No. 26 enam. 
9 t. No. 26 enam. 
4 t. No. 24 d.c.c. 

(spaced to occupy 3( inch) 
3 t. No. 26 d.c.c. 
150 gmfd, 

8 t. No. 26 d.c.c. 
23 t. No. 24 d.c.c. 
8% t. No. 24 d.c.e. 

Same . 
Same 

7 t. No. 20 enam. 

3 t. No. 26 d.c.c. 
27 add. 

5 t. No. 26 d.c.c. 
8 t. No. 24 d.c.c. spaced wire diam. 
5 t. No. 24 d.c.c. spaced twice wire diam. 

Same 
Same 

2 t. No. 24 d.c.c. spaced wire diam. 

2 t. No. 24 d.c.c. 
22 ¡odd. 

L1 wound 
unless otherwise 

over ground end of L2, tape insulation. L6 spaced from L7 
specified. All coils wound on Millen 74001 permeability 

by washer thickness. All coils close-wound 
-tuned forms. 

line feeds the 7.3-Mc. output into the corn-
munications receiver. The communications re-
ceiver furnishes the necessary selectivity. 
The cathode bias of the second r.f. amplifier 

is varied by the gain control, Rio, to avoid 
blocking by strong signals. The send-receive 
switch, Si, is used to turn off the converter 
during transmission periods. The power switch, 
Sz, is mounted on the gain control and is used 
to turn off the power to the converter. 
The power supply is regulated, using the 

miniature equivalent of the VR-105, and the 
stabilized 105 volts is fed to all stages. 

Construction 

The r.f. stages and mixer are built as a 
separate unit on a strip of aluminum, to 
furnish a chassis in which the grounds are more 
certain than they would be on a black-crackled 
steel chassis, and it also makes a well-shielded 
amplifier when mounted on the steel chassis. 

The steel chassis is a standard 7 X 11 X 2-
inch affair. A panel is used to support the 
National ACN dial, and to reduce metal work 
on the steel chassis the panel is supported 
away from the chassis by an aluminum bracket 
on one side and by two of the screws that 
fasten the dial to the panel. Holes in the chassis 
allow access to the tuning slugs of the r.f. 
coils. 
The tuning condenser is mounted on a small 

aluminum bracket fastened to the chassis by 
two screws and to the condenser by the shaft 
bushing. This results in a rigid mount that con-
tributes considerably to the mechanical stabil-
ity of the oscillator. 
The construction of the aluminum channel 

is apparent from Fig. 5-64. It is 3 inches wide 
and 1 Yi inches high, and is bolted to the side 
of the steel chassis and to the top. A small 
strip of bakelite, supported away from the side 
by screws and small spacers, is used to support 

the power-supply end of the 
filter resistors, R2, 14 and R15. 
The ends are fed through small 
holes in the bakelite and then 
wrapped around the strip before 
being soldered together. 

In the heater circuits of the 
miniature tubes, Pin 4 is 
grounded to a lug under the nut 
fastening the socket, and Pin 3 
is the " hot" heater lead. In the 
ease of the input 6AK5. the hot 
heater lead was led back in 
shield braid, and the braid was 
grounded at the lug grounding 
Pin 4, and to lugs at two other 
points along the way. These 
latter lugs are under the nuts 
fastening the sockets for L3 and 
the output coil, L5L6. 

Fig. 5-63 — Another view of the 
converter showing the r.f. sub. 
chassis. Note the bracket on the 
tuning condenser, used to avoid 
back-lash. 
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Fig 5-64 - - The straightforward ar-
rangement of the r.f. components is 
shown in this view ot the subchassis. 
The straight side is screwed to the 
side of the chassis. 

The cathode and screen/plate by-
pass condensers are grounded to lugs 
under nuts holding the sockets of 
their respective plate coils. Since 
it doesn't matter where the cathode resistors 
are grounded, they are returned to lugs under 
the coil sockets ahead of them. Pins 1 and 2 
of the coil sockets are grounded to the lugs 
just mentioned, the No. 3 pins of the coil 
sockets for L3, L4 and Lb go to the plates of 
their respective tubes, and the No. 4 pins of 
the same sockets are connected to the screen 
pins on the tube sockets. The grid condensers, 
C3 and C6, are tied from Pin 7 on the coil 
sockets to the grid pins on the tube sockets. 
The oscillator and power-supply wiring on 

the steel chassis is conventional, with the ex-
ception of the oscillator coupling condenser. A 
small National TPB bushing is mounted on 
the chassis where it will be parallel to the lead 
on the grid side of R7. This bushing is con-
nected to the stator of C14 and the " hot" side 
of L7 by a heavy wire, and coupling is obtained 
by the capacity between this bushing and the 
grid lead of the mixer stage. The output cable 
from L6 is a length of RG-59/U 70-ohm cable. 
If one of the free points on the OB-2 voltage-
regulator tube socket is used as a tie-point for 
C 12 and Lb, as was done in this case, be sure to 
clip off the pin on the tube. If this isn't done, 
a discharge will be obtained inside the tube, 
since the free pin projects inside the tube 
envelope and acts as an anode. 
The coils for the converter are wound on 

Millen 74001 tuned plug-in coil forms. The 
coils are started on the form about h inch 
above the lower limit of travel of the iron slug. 
In the case of L3 and L4, one end of the wind-
ing is connected to Pin 1 and the other to 
Pin 7. A jumper is then run from Pin 7 to Pin 
3. This jumper has the effect of tapping down 
the plate on the coil, since the jumper has some 
reactance at these frequencies. In the case of 
the oscillator coil, the padding condenser, C13, 
is mounted inside the coil, although it could be 
mounted on the coil socket. The tickler, 1.8, is 
wound on the form away from the slug end. 
The mixer output capacitor, C10, is mounted on 
the socket. All coils are securely fastened vt ith 
coil dope, and this is particularly important in 
the case of the oscillator coil assembly, to in-
sure long-time stability. 

Alignment 

After the wiring has been completed and 
checked, the oscillator should be checked first. 
Put a voltmeter across R14 and see if the volt-

age increases slightly when the grid of the os-
cillator tube is touched. If it does, it shows that 
the circuit is oscillating, and the coil can be 
tuned to frequency with the iron slug. 

Couple the output of the converter to a 
communications receiver on 7.3 Mc. and ad-
just the slug of Lfi for maximum noise in the 
receiver, with power to the converter and the 
converter gain control at minimum. Some kind 
of signal will be needed with which to establish 
the oscillator frequency accurately, and this 
signal can be a harmonic from the station 
transmitter or a test generator. For 28-Mc. 
alignment, set the signal source at about 28.5 
Mc. and the tuning dial at 35 and adjust the 
slug on the oscillator coil until the signal is 
heard. Short the input of the receiver with a 
carbon resistor equal in value to the impedance 
of the antenna line. Having established the 
tuning range — and checking it at other points 
if available — peak L2, L3 and L4 on noise. 
Tuning across the band, the output noise 
should peak near the center of the range and 

Fig. 5-65 — A view underneath the chassis shows the 
polystyrene bushing used to couple from the oscillator 
to the mixer. The panel is mounted away from the chassis 
to simplify mounting of the dial. The tuning screws of 
the r.f. coil project through holes in the chassis. 
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fall off slightly at either end. By increasing the 
inductance of L4 — running the slug in — and 
decreasing the inductance of L3, it will be pos-
sible to get practically uniform noise output 
over the entire range. It will be found that L2 
tunes very broadly when loaded by the re-. 
sistor or the antenna, and its resonance should 
be checked with this load disconnected, to 
make certain that the coil can be made to tune 
through resonance. A sharp increase in the 
noise will serve as an indication, and it may be 
found necessary to retard the gain control for 
this test, to prevent oscillation in the r.f. 
stages. 

If any queer burbles or sudden peaks of 
noise are encountered, it indicates regeneration 
in the r.f. stages. If this is encountered, the r.f. 
stages can be worked on while removed from 

the chassis, since there will be enough stray 
oscillator output to the mixer to receive sig-
nals, and the various plate- and heater-supply 
leads can be investigated with a 0.001-dd. 
mica condenser until the source of feed-back is 
found. Poor grounds can also give trouble. 

Under normal conditions, the gain of the 
communications receiver following the con-
verter will have to be reduced considerably, 
since the gain of the converter runs around 40 
db. It will be found to require very little an-
tenna for normal pick-up, but in order to give 
it every break it should be used with the best 
antenna available. Some experiment with 
the input coupling may be necessary if a tuned 
antenna is used, but this might be only a tuned 
circuit with a link line running to the con-
verter input. 

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 by maximum hiss. Then turn on 
the beat oscillator and adjust its frequency 
(leaving the receiver tuning unchanged) to 
give a suitable beat-note. The beat oscillator 
need not subsequently be touched, except for 
occasional checking to make certain the fre-
quency 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 use of a.v.c. is not generally satisfactory 

in c.w. reception, except in receivers expressly 
designed for the purpose, because the rectified 
beat-oscillator voltage in the second detector 
circuit also operates the a.v.c. circuit. This 
gives a constant reduction in gain and prevents 
utilization of the full sensitivity of the receiver. 
Hence the gain should be manually adjusted 
to give suitable audio-frequency output. 
To avoid overloading in the i.f. circuits, it is 

usually better to control the i.f. and r.f. gain 
and keep the audio gain at a fixed value than to 
use the a.f. gain control as a volume control 
and leave the r.f. gain fixed at its highest level, 
except when there are few loud signals on the 
band and a low noise level. 

Tuning with the Crystal Filter 

If the receiver is equipped with a crystal 
filter the tuning instructions in the preceding 
paragraph still apply, but more care must be 
used both in the initial adjustment of the beat 
oscillator and in tuning. The beat oscillator is 
set as described above, but with the crystal 
filter in operation and adjusted to its sharpest 
position, if variable selectivity is available. The 

initial adjustment should be made with the 
phasing control in the intermediate position. 
After it is completed, the beat oscillator should 
be left set and the receiver tuned to the other 
side of zero beat (audio-frequency image) on 
the same carrier 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 careful adjustment of 
the phasing control. This is the adjustment for 
normal operation; it will be found that one 
side of zero beat has practically disappeared, 
leaving maximum response on the desired 
side. 
An interfering signal having a beat-note 

differing from that of the a.f. image can be 
similarly phased out, provided its carrier fre-
quency is not too near the desired carrier. 

Depending upon the filter design, maximum 
selectivity may cause the dots and dashes to 
lengthen out so that they seem to " run to-
gether." It must be emphasized that, to realize 
the benefits of the crystal filter in reducing 
interference, it is necessary to do all tuning 
with it in the circuit. Its selectivity is so high 
that it is often impossible to find the desired 
station quickly, should the filter be switched 
in only when interference is present. 

'Phone Reception 

In reception of ' phone signals, the normal 
procedure is to set the r.f. and i.f. gain at 
maximum, switch on the a.v.c., and use the 
audio gain control for setting the volume. This 
insures maximum effectiveness of the a.v.c. 
system in compensating for fading and main-
taining 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 
ease the weaker station will practically disap-
pear 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 con-
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trol to set the gain at a point that prevents 
"blocking" by the stronger signal. 
A crystal filter will do much toward reducing 

interference in 'phone reception. Although the 
high selectivity cuts sidebands and thereby 
reduces the audio output, especially at the 
higher audio frequencies, it is possible to use 
quite high selectivity without destroying in-
telligibility even though the " quality" of the 
transmission may suffer. As in the case of 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 dif-
ference. Such a heterodyne can be reduced by 
adjustment of the phasing control in the crystal 
filter. It cannot be prevented in a " straight" 
superheterodyne having no crystal filter. 
A tone control often will be of help in reduc-

ing the effects of high-pitched heterodynes, 
sideband splatter and* noise, by cutting off the 
higher audio frequencies. This, like side-
band cutting with high selectivity, causes some 
reduction in naturalness. 

Spurious Responses 

Spurious responses van he recognized with-

out a great deal of difficulty. Often it is possible 
to identify an image by the nature of the 
transmitting station, if the frequency assign-
ments 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 frequency, the beat-note will not 
change as the receiver is tuned through the 
signal; but if the interfering 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 opposite that on which 
the desired signal peaks. 

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 getting into the i.f. via high-frequency 
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 
pitch control. A smaller movement of the 
control will suffice for a given change in beat-
note than is necessary with legitimate sig-
nals. 

Building a Receiver 

In building a receiver, as in most other pieces 
of radio gear, following a few basic laws during 
the construction will more often than not result 
in a reliable job that won't have a lot of 
"bugs" which require cleaning out before the 
receiver will perform properly. The more com-
plex a circuit is, and the more gain it has, the 
better are thechances for trouble, but a large 
number of tubes doesn't necessarily indicate 
that a receiver will be difficult to make work 
properly. 

Feed-Back 

Probably the greatest source of trouble 
in receivers is from undesirable feed-back. 
Feed-back giving rise to regeneration and 
oscillation can occur in any part of the re-
ceiver that has gain: the r.f., i.f. and audio 
amplifiers. It 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 inptit in every way 
possible, with the vacuum tube furnishing the 
only coupling between the two circuits. For 
example, an oscillation can be obtained in a 
r.f. or i.f. stage if there is any undue capacitive 
or inductive. coupling between output and 
input circuits, if there is too high an impedance 
between cathode and ground or screen and 
ground, or if there is any appreciable im-

pedance through which the grid and plate cur-
rents can flow in common. This simply means 
good shielding of coils and condensers in r.f. 
and i.f. circuits, the use of good by-pass con-
densers (mica at 14 Mc. and higher, and with 
short leads), and returning all by-pass con-
densers (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 like those found in high-gain audio 
amplifiers, it is sometimes necessary to shield 
grid and plate leads and to be careful not to run 
them close together. If this precaution is not 
observed, serious audio feed-back may result. 
To avoid over-all feed-back in a multistage 

amplifier, strict attention must be paid to 
avoid running any part of the output circuit 
back near the input circuit without first filter-
ing 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 multi-
stage 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 
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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 be-
comes 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 are used in the heater leads where 
necessary, because the voltage drop through 
resistors would be too great. 

Instability 

Receivers that drift rapidly as the tubes 
warm up and take hours to " settle down" are 
a nuisance. Thermal drift is a difficult thing to 
eliminate, but it can be minimized by using 
ceramic instead of bakelite insulation in the 
r.f. circuits (particularly the oscillator), a large 
cabinet compared with the chassis (to provide 
for good radiation of developed heat), minimiz-
ing the number of high-wattage resistors in the 
receiver itself and putting them in the power 
supply, and not mounting the oscillator coils 
and tuning condenser too close to a tube. 

Sensitivity to vibration and shock is also a 
bother, and can be minimized by using good 
mechanical support for coils and tuning con-
densers, a heavy chassis, and by not hanging 
any of the oscillator-circuit components in the 
air on long leads. Tie-points should be used 
wherever necessary . to avoid long leads on 
components in the oscillator circuits. Stiff long 
wires used for wiring components are no good 
if they can vibrate, and stiff short leads are 

excellent because they can't be made to vi-
brate. Susceptibility to vibration and shock is 
to be avoided in the oscillators of a receiver 
and in the first stage of a high-gain audio 
amplifier. 

Hum 

A steady a.c. hum in the background of a 
receiver is a nuisance when listening closely for 
weak signals. If it appears when no signals 
are present, it is introduced in the audio circuit 
and comes from running a grid lead too close to 
an a.c. heater lead. Shielding or a change in 
location of the wire will generally eliminate it. 
It is a good idea to keep all audio grid leads 
close against the chassis if they are unshielded, 
to reduce their chances of picking up a.c. hum. 
Hum present only on a carrier indicates a.c. 

modulation of the high-frequency oscillator. It 
can be avoided by using an oscillator circuit 
with a grounded cathode, by keeping the grid 
lead of the oscillator away from the a.c. heater 
leads, and by making sure that any transformer 
mounted on the same chassis with the high-
frequency oscillator doesn't have loose lamina-
tions and a tendency to vibrate. 

• Smooth Tuning 

Smooth tuning is a great convenience to the 
operator, and can be obtained by taking pains 
with the mounting of the dial and tuning 
condensers. 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, since a loose connection or 
"rosin joint" can develop troubie that is some-
times hard to locate. 

Servicing Superhet Receivers 

Alignment 

A calibrated signal generator or test oscilla-
tor is a very useful device for initial alignment 
of an i.f. amplifier. Some means for measuring 
the output of the receiver is required. If the 
receiver has a tuning meter, its indications will 
serve the purpose. Lacking an S-meter, a 
high-resistance voltmeter or preferably a 
vacuum-tube voltmeter can be connected 
across the second-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 transformer feeding the 'speaker, or from 
the plate of the last audio amplifier through a 
0.1-pfd. blocking condenser 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 indication, the a.v.c. 
of the receiver should be turned on, but any 
other indication requires that it be turned off. 
Lacking a test oscillator, a steady carrier 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. trans-
formers 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 
oscillator 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 connected to the 
grid of the last i.f. amplifier tube and to the 
chassis. The trimmer condensers of the trans-
former feeding the second detector are then 
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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 ad-
justments are peaked for maximum output. 
This process is continued, working back from 
the second detector, until all of the i.f. trans-
formers 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, 
because the increased gain is likely to cause 
overloading and consequent inaccurate ad-
justments. It is desirable in all cases to use the 
minimum oscillator 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 impedance at the i.f., it 
may be necessai y to boost the test generator 
output or to disconnect the circuit temporarily 
from the mixer 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 
oscillator as closely as possible to the crystal 
frequency. When this is completed, the crys-
tal 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 neces-
sary readjustment should be small. The oscil-
lator 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 i.f. amplifier, since the 
high selectivity cuts sidebands and the results 
may be inaccurate if the audio output is used as 
the tuning 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 

alignment, 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-kc. standard makes 
an excellent signal source for " touching up" 
an i.f. amplifier. Allow the receiver to warm up 
thoroughly, 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 instruction book 
carefully before attempting to realign the 
receiver. Most instt uction books include align-
ment details, and any little special tricks that 
are peculiar to that particular type of receiver 
will also be described. 

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 ad-
justment may be carried out with a test 
oscillator of suitable frequency range, with 
harmonics 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 oscillator 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 fre-
quency indicated by the receiver dial and care-
fully tune the test oscillator until its signal is 
heard in the receiver. If the frequency of the 
signal as indicated by the test-oscillator cali-
bration is higher than that indicated by the 
receiver dial, more inductance (or more ca-
pacity in the tracking condenser) is needed in 
the receiver oscillator circuit; if the frequency 
is lower, less inductance (less tracking ca-
pacity) 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 calibration. Set the test oscillator to the 
frequency indicated by the receiver dial, and 
then adjust the tracking capacity or inductance 
of the receiver oscillator coil to obtain maxi-
mum response. After making this adjustment, 
recheck the high-frequency end of the scale as 
previously described. It may be necessary to go 
back and forth between the ends of the range 
several times befot e the proper combination of 
inductance and capacity is secured. In many 
caes, better over-all tracking will result if fre-
quencies 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 ad-
justed, 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 set-
tings should be necessary. lf it is necessary to 
increase the trimmer capacity in any circuit, 
it indicates that more inductance is needed; if 
less capacity resonates the circuit, less in-
ductance is required. 

Tracking seldom is perfect throughout a 
tuning range, so that a check of alignment at 
intermediate points in the range may show it 
to be slightly off. Normally the gain variation 
from this cause will be small, however, and it. 
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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 ama-
teur band, the circuits may be aligned for 
maximum performance in that region, even 
though the ends of the frequency range as a 
whole may be slightly out of alignment. 

Oscillation in R.F. or I.F. Amplifiers 

Oscillation in high-frequency amplifier and 
mixer circuits may be evidenced by squeals or 
"birdies" as the tuning is varied, or by com-
plete lack of audible output if the oscillation is 
strong enough to cause the a.v.c. system to 
reduce the receiver gain drastically. Oscillation 
can be caused by poor connections in the com-
mon 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 ungrounded shell will cause 
trouble. Improper screen-grid voltage, result-
ing 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 i.f.-amplifier 
circuits similar to those above. Inadequate 
cathode by-pass capacitance is a common 
cause of such oscillation. An additional by-pass 
condenser of 0.1 to 0.25 dd. often will remedy 
the trouble. Similar treatment can be applied 
to the screen-grid and plate by-pass filters of 
i.f. stages. 

Instability 

"Birdies" or a mushy hiss occurring with 
tuning 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 indi-

cates instability in either the h.f. oscillator or 
beat oscillator, usually the former. The stabil-
ity of the beat oscillator can be checked by in-
troducing a signal of intermediate frequency 
(from a test oscillator) into the i.f. amplifier; 
if t he beat-note is unstable, the trouble is in 
the beat oscillator. Poor connections or defec-
tive parts are the likely cause. Instability in 
the high-frequency oscillator may be the result 
of poor circuit design, loose connections, de-
fective tubes or circuit components, or poor 
voltage regulation in the oscillator plate-and/ 
or screen-supply circuits. Mixer pulling of 
the oscillator circuit also will cause the beat-
note 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 ap-
pear if the h.f.-oscillator frequency is sensitive 
to changes in plate voltage. As the a.v.c. 
voltage rises the electrode currents of the con-
trolled tubes decrease, decreasing the load 
on the power supply and causing its output 
voltage to rise. Since this increases 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 restore 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 i.f. selectivity, as when a crystal filter is 
used, and can be cured by making the oscillator 
relatively insensitive to voltage changes and by 
regulating the plate-voltage supply. 

Narrow-Band Frequency- and Phase-Modulation 

Reception 

The only FM (frequency modulation) and 
PM (phase modulation) in general use on the 
frequencies below 30 Mc. is of the " narrow-
band" variety, in which the channel width of 
the signal is no greater than that of an AM 
signal. Normal wide-band FM (and PM) 
receiving techniques, which involve the use of 
limiter and discriminator circuits, are not 
generally applicable to the reception of narrow-
band FM (and PM), and most amateurs use 
their regular communications receivers with 
no modification. 

FM Reception 

In the reception of FM signals by a normal 
communications 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 in-
coming signal on one side or the other of the 
i.f. selectivity characteristic (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 manner. The 
signal is tuned in (on one side or the other of 
maximum carrier strength) until the audio 
quality appears to be best. The audio output 
from the signal depends on the slope of the i.f. 
characteristic and the amount of swing (de-
viation) of the signal. 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 dis-
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tortion on volume peaks) he should be advised 
to reduce his swing. Cooperation between 
transmitting and receiving operators is a neces-
sity 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 the 
FCC regulations, except in those portions 
where wide-band FM is permitted. 

PM Reception 

PM signals can be received in the same 
way that NFM (narrow-band FM) signals 
are, except that in this case the audio output 
will appear to be lacking in " lows," because 
of the differences in the deviation-vs.-audio 
characteristics of the two systems. This can be 
remedied to a considerable degree by advanc-
ing the tone control of the receiver to the point 

where more nearly normal speech output is 
obtained. 
NPM signals can also be received on com-

munications 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 peak, not set 
off to one side. The phasing condenser should 
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 is not selective 
attenuation except for the added selectivity of 
the i.f. amplifier, and it can readily be over-
come by using additional audio gain. FM 
signals received through the crystal filter in 
this fashion will have a " boomy" characteristic 
because the lower frequencies are accentuated. 



CHAPTER 6 

High-Frequency 

Transmitters 
A transmitter for the low-frequency ama-

teur bands (4 to 30 Mc.) consists essentially of 
an oscillator and usually, but not always, one 
or more amplifiers, one of which feeds radio-
frequency power to the antenna or transmis-
sion line. 
The oscillator, fed by a source of d.c. power, 

such as rectified 60-cycle house current, a d.c. 
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Fig. 6-1 — Block diagrams showing typical combinations 
of oscillator and amplifiers and' power-supply arrange-
ments for transmittera. A wide selection is possible de-
pending upon the number of bands in which operation 
is desired and the power output. 

generator or batteries, serves to generate a 
relatively small amount of power at a selected 
radio frequency. The amplifiers perform the 
function of increasing the r.f. power at that 
frequency, or a multiple of it, to the level de-
sired before feeding it to the antenna system. 
In other words, a transmitter is a device that 
converts d.c. power to power at radio frequen-
cies. Several typical transmitter arrangements 
are shown in the diagrams of Fig. 6-1. At A, the 
oscillator feeds directly into the antenna. At 
B, the output of the oscillator is fed to an am-
plifier which feeds the antenna. In the arrange-
ments of C, D and E, the oscillator output is 
fed to a frequency-multiplying amplifier which 
doubles the frequency before passing the energy 
along to the next stage. As the diagram indi-
cates, it is often possible to operate more than 
one transmitter stage from a single power 
supply. 

In a telegraph (c.w.) transmitter, means is 
provided for breaking the transmitted energy 
up into the characters of the Continental (In-
ternational Morse) code. In 'phone transmit-
ters, power at audio voice frequencies is com-
bined with the d.c. input so as to superimpose 
(modulate) those frequencies on the steady r.f. 
output (carrier) from a transmitter which 
otherwise is essentially the same as that most 
often used for telegraphy. 
To minimize interference when a large num-

ber of stations must work in one frequency 
band, the power output of a transmitter must 
be as stable in frequency and as free from 
spurious radiations as the state of the art per-
mite. The steady r.f. output must be free from 
amplitude variations attributable to ripple 
from the plate power supply or other causes, its 
frequency should be unaffected by variations 
in supply voltages or inadvertent changes in 
circuit constants, and there should be no radia-
tion on other than the intended frequency 
which might cause interference to other radio 
services. 
The design of any particular transmitter is 

based primarily upon the power-output level 
desired and the number of banda to be covered 
and their frequencies. Added to these are the 
factors of operating convenience and space 
restrictions. Portable and mobile equipment 
require special consideration in design. 
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Variable-Frequency Oscillators 

Two general classes of oscillators are used 
in amateur transmitters. A crystal-controlled 
oscillator is a fixed-frequency oscillator. The 
frequency generated is held within very close 
limits (a few cycles per megacyle) by a quartz 
crystal. The frequency is determined almost 
entirely by the thickness of the crystal. Other 
constants in the circuit have relatively little 
effect. The frequency of a self-controlled or 
variable-frequency oscillator (VFO) is deter-
mined principally by the values of inductance 
and capacitance which make up the oscillator 
tank circuit. 
The disadvantage of the crystal type of 

oscillator is that a different crystal must be 
used for each frequency desired in any one 
amateur band. By making the inductance, 
capacitance, or both variable in the self-
controlled oscillator, it may be operated at any 
frequency desired at the turn of a dial, in the 
manner of a receiver. The disadvantage of a 
VFO is that much care must be exercised in 
the design and construction if the frequency 
stability is to approach that of a crystal-con-
trolled oscillator. 

C. 
value of C1. Therefore it forms the prin. 
cipal control over frequency. L3C2 is 
used primarily for adjustment of feed-
back, although its effect upon frequency 
is considerable. Feed-back is through the 
plate-grid capacitance of the tube. L1 

Approximate values are as follows: 
C1 — Tank tuning condenser. For 3.5 Mc. — 

500 ppfd. or more total, including any 
fixed capacitance which may be used 
for bandspread purposes. 

C2 — Plate tank condenser — 100-ppfd. vari-
able. 

C3 — Tank condenser — 0.003-pfd. mica for 
3.5 Mc. 

Ce — Tank condenser — 0.001-pfd. mica for 
3.5 Mc. 

Ci — Grid condenser — 100 ppfd. or lees, 
mica. 

Ce — Output coupling condenser — 100 ppfd. 
or less, mica. 

C7 Plate by-pass condenser — 0.01-pfd. 
paper. 

CS — Plate blocking condenser — 0.001-pfd. 
mica. 

C2 — Tuning condenser — 250-ppfd. variable. 
Cit — Grid condenser — 100 , pfd. or less, 

variable. 
Ri — Grid leak — 50,000 ohms. 
Li — Tank coil — 4.3 phy. for 3.5 Mc. with 

500 ¡ed. 
14 — Tickler winding — approximately one-

third the number of turns in Li, 
wound over bottom portion of L1 or 
adjacent to it. 

La — Plate tank coil — 22 phy. for 3.5 Mc. 
with 100-ppfd. condenser. 

• — Tank coil — same as Li, tapped approxi-
mately one-third from plate end. 

Ls — Tank coil — 3.3 phy. for 3.5 Mc. with 
capacitance values given for Cs, C. 
and C9. 

RFC — Parallel-feed r.f. choke — 2.5 rah. 
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Although the trend in recent years has been 
toward the VFO with its greater flexibility, the 
crystal oscillator still is widely used by begin-
ners and in certain types of operation because 
of the ease with which frequency stability and 
calibration may be maintained. 

• VFO CIRCUITS 
Tickler-Feed-Back Circuit 

Fig. 6-2 shows several types of self-controlled 
oscillator circuits. In the tickler-feed-back 
circuit of A, the frequency is determined 
principally by the values of C1 and L1. Feed-
back is provided by the coupling between L1 
and L2. It may be adjusted by varying the 
number of turns in L2 or by changing the cou-
pling between L1 and L2. When connected' as 
shown, the two coils must be wound in the 
same direction. If they are wound in opposite 
directions, the connections to one of the coils 
must be reversed. 

R, 

- 4.11 

(B) 

T.G.T.P. Oscillator 

In the tuned-grid tuned-plate (t.g.t.p.) cir-
cuit of Fig. 6-2B, the MCI tank has the 
higher Q because of the relatively high 

(c) (D) 

Fig. 6.2— VFO 
cuits. A — Tickler 
feed-hark. R — Tuned-
grid tuned-plate. C 
— Hartley. I) — Col. 
pitta. E — Ultraudion. 



142 CHAPTER 6 

and L3 are not coupled. For positive feed-
back, L3C2 must be tuned to a frequency 
higher than that of Lei. Maximum feed-
back occurs when the two circuits are tuned 
close (but not exactly) to the same fre-
quency. Power output is taken from the plate 
tank circuit, L3C2. 

Hartley 

The Hartley circuit of Fig. 6-2C is quite 
similar to the tickler-feed-back circuit of A, 
except that the tank condenser is connected 
across both plate and grid portions of a 
single winding. The frequency is deter-
mined principally by the values of L4 and 
C1. Feed-back may be adjusted by moving 
the cathode tap which is the r.f. ground 
point. 

Co'piths 

The Colpitts circuit of Fig. 6-2D also is 
similar, the principal difference being that 
the voltage division between the grid and 
plate portions of the circuit is by capacitive 
means rather than inductive. Frequency is 
determined chiefly by the values of 4, and 
the resultant of C3 and C4 in series and Cg 
in parallel. Feed-back may be adjusted by 
changing the ratio of C3 to (74, Cg being 
used to adjust frequency. 

Ultraudion 

A variation of the Colin t t s is il,( ult rau-
dion circuit of Fig. 6-2E. The grid-cathode 
and plate-cathode capacitances of the tube 
serve as the capacitive voltage divider. The 
circuit is tuned to the desired frequency by 
C1. Feed-back may be adjusted within 
limits by alteration of the value of the grid 
coupling condenser, C12. (See " Frequency-
Multiplying Oscillator:" this chapter for 
additional VFO circ u 

Push-Pull VFO Circuits 

Two tubes may be used in push-pull in 
an oscillator. The two tubes provide an 
increase in power output over that obtainable 
from a single tube. Since they are effectively in 
series across the tuned circuit, their effect on 
frequency stability is less than that of a single 
tube. So far as tube effects are concerned, the 
same order of stability may be obtained with 
half the total capacitance in the tank circuit 
required for a single tube. 
The Hartley and tickler-feed-back circuits 

lend themselves most readily to a push-pull 
arrangement, as shown in Fig. 6-3. In the 
Hartley of A, excitation may be adjusted by 
moving the grid taps, keeping them in posi-
tions symmetrical in respect to the center-tap. 
In the tickler-feed-back circuit of B, excitation 
is adjusted by changing the number of turns 
in L3, keeping the number of turns equal 
either side of the center-tap. L3 should be 
wound over the center portion of Lg. 

Capacitance coupling may be used if a push-

SinqIe-
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Fig. 6.3— Push-pull Vif) circuits. A — Hartle). I; — 
Tickler feed-back. 
Approximate values are as follows: 
CI— Tank condenser — 500 ppfd. total, including-any fixed 

capacitance used for bandspread purposes, for 3.5 Mc. 
Ca, Ca— Grid condenser — 100 ppfd. or less, mica. 
Ci, Ca — Plate blocking condenser — 0.001-pfd. mica. 
CO3 C7 — Output coupling condenser — 100 pad. or less, 

mica. 
Cs — Tank condenser — 500 ppfd. per section, including 

any fixed capacitance used for bandspread purposes, 
for 3.5 Mc. 

RI, R2 — Grid leak — 50,000 ohms. 
Ra — Grid leak — 25,000 ohms. 
Li — Tank coil — 4.3 phy., tapped aCcenter, for 3.5 Mc., 

and 500 ppfd. 
Li — Tank coil — 8.6 phy., tapped at center, for 3.5 Mc., 

and 250 'add. total across coil. 
1.3•• Tickler coil — approximately one-third number of 

turns in 1.2, tapped at center, wound over center of 
La or between halves of La. 

RFC — R.f. choke — 2.5 mh. 

pull oscillator Is to feed a push-pull amplifier, 
but inductive coupling, which assures a better 
circuit balance, is preferable if the oscillator 
Is to be coupled to a single-tube amplifier. 
(See " Interstage Coupling" this chapter.) 

(See " Frequency-Multiplying Oscillators" 
this chapter for additional VFO circuits.) 

Factors in VFO Design and Construction 

To provide satisfactory performance on the 
air, considerable care must be exercised in the 
design and construction of a VFO. Since the 
frequency depends upon the L and C in the 
circuit, anything which operates to change 
these values will cause a change in frequency. 
For stability which will approach that of which 
a crystal oscillator is capable, the values of 
inductance and capacitance must be held 
within extremely small tolerances. 

It is not too difficult to provide a satisfactory 
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coil and condenser for the tank circuit. But 
the tube must be connected across this circuit 
and its effect upon frequency is by no means 
negligible nor easily controlled. The tube has 
the effect of a capacitance which can be made 
to hold satisfactorily constant only with great 
care. It is obvious too that the connection of 
any reactive load, such as an antenna or the 
input of an amplifier stage, will change the 
frequency, since this load must be connected 
across the frequency-determining circuit, 
thereby changing the net value of inductance 
or capacitance as the case may be. An antenna 
and feeders cannot be held sufficiently rigid to 
prevent changes in their capacitance. Under 
practical operating conditions the input circuit 
of an amplifier may develop changes in the 
reactance which it presents across the oscilla-
tor circuit, especially while it is being tuned or 
alternately connected and disconnected, which 
it is in effect if the amplifier is keyed. Isolating 
amplifiers (see " R.F. Power Amplifiers" this 
chapter) can be used to reduce these effects. 

Chirp 

Variations in the plate voltage of the oscilla-
tor tube cause changes of appreciable magni-
tude in the effective input capacitance of the 
tube. If the oscillator can be run continuously 
during transmission, this effect can be made 
negligible by the use of a regulated plate-
voltage supply. But if the oscillator must be 
keyed for break-in work, an objectionable shift 
in frequency with keying (chirp) can be 
avoided only by reducing the time constant of 
the keying circuit to the point where the 
change in frequency between zero-voltage and 
full-voltage conditions takes place so rapidly 
that the ear cannot detect it. The time con-
stant is reduced by minimizing any capaci-
tance which may appear across the key con-
tacts, including by-pass condensers in the 
transmitter. Unfortunately, as discussed in 
Chapter Eight, a certain time lag is required to 
eliminate clicks. Therefore the measures neces-
sary for the elimination of chirps and clicks 
are in opposition. A compromise is usually 
necessary. It is possible that the keying of an 
amplifier may constitute little improvement 
over oscillator keying, for reasons previously 
given, unless sufficient isolation is provided 
between the oscillator and the keyed stage. 

Drift 

The effects of temperature are characterized 
by a slow drift or creep in frequency. Part of 
this change, especially for the first few minutes 
after power is applied to the oscillator, may be 
attributable to change in tube-electrode capac-
itance as the tube heats up. But over a pro-
tracted period of time, drift is a result of small 
changes with temperature in physical dimen-
sions of the coil and condenser in the tank cir-
cuit. Good design dictates that these compo-
nents be isolated as much as possible from the 
heat developed in the tubes and power-supply 

uquipment. With care, frequency drift can be 
brought within satisfactory limits by mount, 
ing the tubes external to the enclosure sur-
rounding the tank coil and condensers and the 
use of zero-temperature mica condensers for 
all tank capacitance other than that required 
for tuning purposes, by providing ventilation 
and by keeping the power input to the oscilla-
tor at a minimum — not more than a few 
watts. Where maximum stability with tem-
perature change is desired. temperature-
compensating condensers may be used to form 
part of the tank-circuit capacitance. 

Mechanical Considerations 

Any mechanical vibration which causes a 
change in the capacitance across the tank cir-
cuit will cause a corresponding change in fre-
quency. This should be minimized by solid 
construction, secure wiring and by cushioning 
the mounting of the oscillator unit against 
shocks. The oscillator should be thoroughly 
shielded from the strong r.f. fields of the an-
tenna and adjacent high-power amplifier stages 
which may, through overloading of the oscilla-
tor grid, cause roughening of the oscillator 
signal. 

VFO Tank Capacitance and 
Tuning Systems 

All of the previously-mentioned effects upon 
the frequency of an oscillator may be mini-
mized by the use of high capacitance in the 
tank circuit, thus making uncontrollable ca-
pacitance changes a small percentage of the 
total circuit capacitance. The same effect can 
be obtained by tapping the tube elements 
across only a portion of the circuit, as shown 
in Fig. 6-4, so that the tube capacitanee shunts 
only a part of the tank circuit. A tube of low or 
medium amplification factor is preferable as 
an oscillator because changes in loading — 
tuning of the output circuit of the oscillator or 
following amplifier stages as well as plate-
voltage variations — have less influence upon 
the effective input capacitance of the tube 
than with a high-p tube. 

Fig. 6-4 — Oscillator tubes are sometimes connected 
across only a portion of the tank coil to reduce the ef-
fects of the tube on the tuned circuit. In this Hartley 
circuit, the grid and plate connections are made to 
tape instead of to the ends of the coil. 

Because it is considered easier to maintain 
percentage stability at lower frequencies, VFOs 
usually are designed to operate at a frequency 
not higher than the 3.5-Mc. band, the higher-
frequency bands being reached by frequency-
multiplier stages which are discussed under 
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Frequency-Multiplying Amplifiers." At 3.5 
Mc., a tank capacitance of 500 to 1000 pilfd. is 
considered adequate, with values increased in 
proportion if the oscillator is designed to oper-
ate at lower frequencies. 
Any of the bandspread tuning systems used 

in receivers may be applied to the oscillator 
circuits which have been under discussion. The 
parallel-condenser system is used most widely 
since it lends itself well to the high-C circuits 
which should be used in VF0s. Plug-in coils 
for changing oscillator frequency ranges are 
not recommended because experience has 
shown that the coil contacts may become the 
source of frequency instability. 

• VFO ADJUSTMENT 
Tuning Characteristics 

With the exception of the t.g.t.p., all nor-
mally-operating VFO circuits will function 
quite uniformly, over the range of an amateur 
band at least, as soon as plate voltage is ap-
plied. If, through incorrect adjustment of 
excitation or overloading the circuit does not 
oscillate, the plate current will be the zero-bias 
value for the tube at the plate voltage at which 
it is being operated, falling to a lower value 
when oscillation takes place. If the oscillator 
is functioning, touching the grid with the 
finger will cause a variation in plate current. 
The value of plate current to be expected with 
a given tube when oscillating depends upon 
such factors as plate voltage, grid-leak resist-
ance, excitation adjustment and loading. It 
should remain essentially constant with rea-
sonable changes in tuning capacitance. With 
normal excitation adjustment, the plate cur-
rent should show an increase when the load is 
connected. Excitation and grid-leak resistance 
should be adjusted for maximum frequency 
stability — not maximum output. 
With the t.g.t.p. circuit, oscillation takes 

place only when the plate tank circuit is tuned 
to a frequency higher than that to which the 
grid circuit is tuned, and maximum output usu-
ally occurs when the two are tuned close (but 
not exactly) to the same frequency. If the 
plate tuning condenser has sufficient range to 
tune the circuit to a frequency lower than that 
of the grid circuit, oscillation will cease and 
the plate current will be relatively high, as 
shown at the left in Fig. 6-5. As the plate cir-
cuit is tuned past the point of resonance with 
the grid circuit in the high-frequency direction, 
the plate current will drop suddenly (point A) 
indicating the starting of oscillation, then dip 
rapidly to a minimum (point C) where the 
power output is greatest. As the tuning capaci-
tance is decreased further, the plate current 
will rise gradually to point B where it will jump 
to a higher value, indicating that oscillation 
has ceased. For maximum frequency stability, 
the circuit should be tuned in the region D-E. 
When the oscillator is loaded, the charac-

teristic is similar (see dashed curve in Fig. 6-5), 
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Fig. 6-5 — General tuning characteristic of the t.g.t.p. 
VFO circuit and triode, tetrode or pentode crystal 
oscillators. As the capacitance of the plate tank con-
denser is decreased from maximum, oscillation will 
start suddenly, the plate current dropping abruptly, 
as shown at point A. As the capacitance is decreased 
further, the plate current will dip to a minimum, C, 
and then gradually rise to point B where an abrupt rise 
in plate current will indicate that oscillation has ceased. 
Maximum output will be obtained at point C, but the 
oscillator should be adjusted for operation in the D-E 
region for best frequency stability. 

but the minimum plate-current dip is much less 
pronounced and the range of plate tuning over 
which the circuit will oscillate becomes less as 
the loading is increased. 

If the oscillator is delivering sufficient power, 
an r.f. indicator should show maximum r.f. 
voltage at the grid and plate terminals and 
decrease to zero voltage at the cathode in all 
of the circuits shown in Fig. 6-2. The Hartley 
circuit of Fig. 6-2C, the Colpitts of D and the 
ultraudion circuit of E have the disadvantage 
in construction that the tuning control (tuning-
condenser rotor shaft) must be insulated. 

Checking VFO Stability 

A VFO 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 the complete transmitter in opera-
tion. Almost any VFO will show signals of 
good quality and stability when it is running 
free and not connected to a load. A well-
isolated monitor is a necessity. Perhaps the 
most convenient, as well as one of the most 
satisfactory, monitoring arrangements is a 
well-shielded receiver combined with a crystal 
oscillator. (See " Crystal Oscillators.") The 
crystal frequency should lie in the band of the 
lowest frequency to be checked and in the 
frequency range where its harmonics will fall 
in the higher-frequency bands. The receiver 
b.f.o. is turned off and the VFO signal is tuned 
to beat with the signal from the crystal oscilla-
tor instead. In this way any receiver instability 
caused by overloading 6f the input circuits 
which may result in " pulling" of the h.f. 
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 
check. 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. 

Harmonies of the crystal may be used to 
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beat with the transmitter signal when monitor-
ing at the higher frequencies. Since any chirp 
observed at the lower frequencies will be 
magnified at the higher frequencies, most-ac-
curate checking can be done by monitoring at 
the higher frequencies. 
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-
ciently good to permit oscillator keying at the 
lower frequencies, where break-in operation is 
of greater value, but that chirp becomes ob-
jectionable at the higher frequencies. If further 
improvement 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. 

Crystal Oscillators 

• SIMPLE CIRCUITS 

The simplest crystal-controlled oscillator 
circuits are shown in Fig. 6-6. Since the crystal 
is the equivalent of a tuned circuit of fixed fre-
quency, it will be observed that each of the 
crystal circuits is essentially the equivalent of 
one of the VFO circuits of Fig. 6-2. 

Triode, Tetrode and Pentode 
Oscillators 

The triode crystal circuit of Fig. 6-6A is the 
equivalent of the t.g.t.p. circuit in which the 
crystal replaces the tuned grid circuit. The 
pentode circuit of B is the same except for the 
substitution of a screen-grid tube for the 
triode. This circuit sometimes is operated with 
the suppressor by-passed and raised to a posi-
tive voltage of about 50 instead of grounded 
as shown. The same circuit is used for tetrodes, 
such as the 6V6 and 6L6, the suppressor con-
nection being omitted. Tuning characteristics 
are similar to those of the t.g.t.p. circuit shown 
in Fig. 6-5. 

Pierce Oscillator 

The circuit shown in Fig. 6-6C is known as 
the Pierce circuit. It is the equivalent of the 
ultraudion variation of the Colpitts. The crys-
tal replaces the single tuned circuit and thus 
this oscillator requires no tuning adjustment 
and will work without change in values over a 
wide range of crystal frequencies. Since excita-
tion otherwise is not adjustable, the condenser 
C5 sometimes is required to obtain satisfactory 
operation. Less power is obtainable from the 
Pierce circuit than from the others because the 
crystal is directly in the power-delivering cir-
cuit which limits the r.f. voltage that may be 
developed without danger to the crystal. Tri-
odes also may be used in this circuit. (See " Fre-
quency-Multiplying Oscillators" this chapter 
for additional crystal-oscillator circuits.) 

• POWER LIMITATIONS OF CRYSTALS 

Although high-power crystal oscillators 
sometimes are used in cases where utmost 
simplicity must be the paramount considera-
tion, the oscillator normally should be con-
sidered as a frequency-generating device only, 
with power output of secondary importance. 

While crystal-controlled oscillators are much 
more tolerant than VFOs in respect to tem-
perature changes, the danger of crystal frac-
ture, as well as drift, places a limitation on the 
amount of power output obtainable. With the 

(c) +11.V. 

Output 

Fig. 6-6— Simple crystal-oscillator circuits. A — Tri-
ode. B — Tetrode or pentode. C — Tetrode Pierce. 
Other crystal-oscillator circuits are shown in Fig. 6-18. 

Approximate values are as follows: 
C1 — Tank condenser — 100-ssfd. variable. 
Cd — Plate by-pass condenser — 0.01-pfd. paper. 
Cd — Output coupling condenser — 100 µµfd. or less, 

mica. 
Cd — Screen by-pass condenser — 0.01-dd. paper. 
Cd — Feed-back condenser — 50 to 100 sad. 
Cd — Plate blocking condenser — 0.001-5M. mica. 
RI — Grid leak — 50,000 ohms. 
112 — Screen voltage-dropping resistor — 25,000 to 

50,000 ohms. 
Li— Tank coil — 22 shy. for 3.5 Mc.; 7.5 shy. for 7 

Mc. 
RFC — Parallel-feed r.f. choke — 2.5 mh. 
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large prewar-type crystals, triode crystal os-
cillators may be operated with proper adjust-
ment at plate voltages 88 high as 200 or 250, 
but the voltage should be reduced to 150 to 
200 for the new-type smaller crystals. Low- or 
medium-is triodes are preferable as oscillators. 
Beam tetrodes or pentodes, with their high 
power-sensitivity and reduced grid-plate ca-
pacitance, require less voltage across the crys-
tal than a triode for the same amount of out-
put. Therefore the larger-type crystals can be 
operated with plate voltages of 300 or 400 
with power output up to 10 or 15 watts if re-
quired. The smaller crystals may take plate 
voltages up to 300 or 325 before showing 
marked instability. However, as stated previ-
ously, it is always advisable to limit the input 
to the oscillator and depend upon amplifiers 
for the desired power. 
With the simple crystal-oscillator circuits 

shown in Fig. 6-6, excitation, and therefore 
r.f. voltage across the crystal, is greatest when 
the oscillator is unloaded and it is under this 
condition that danger to the crystal is greatest. 

• GRINDING CRYSTALS 
Crystal blanks, cut to approximate fre-

quency, are available at very reasonable prices. 
With proper equipment and a little care, these 
blanks can be ground to the desired frequency. 
Complete crystal-grinding equipment includes 
several components. First necessity is a flat 
piece of plate glass, about 4 inches square 
or larger. To hold the crystal flat while grinding 
a flat " button" (shown in Fig. 6-7), also of 
plate glass, either round or square and slightly 
larger than the crystal, is required. Both pieces 
may be obtained at glass stores. Two grades of 
abrasive, No. 303 emery for surface grinding 
and No. 600 Carborunduin for edge grinding 

Fig. 6.7 — The equipment necessary for grinding a 
crystal blank to frequency. A piece of plate glass and a 
-button" of the same material are essential. The "quick-
change" adaptation for the crystal holder is a conven-
ience. Not shown, but also convenient, are a small paint 
brush for spreading abrasive and a toothbrush for 
scrubbing. 

and beveling are obtainable from hardware 
stores or opticians'-supply houses. A small 
paint brush is handy for moistening the abra-
sive and spreading it around the lapping plate. 
To facilitate frequent checking of frequency 
during the grinding process, the quick-change 
holder shown in Fig. 6-8 is desirable. It con-
sists of an FT243 holder with a sliding cover 
fashioned from sheet metal. Soap. warm water 
and a toothbrush are used to clean and rinse 

Fig. 6-8 — 
The quick-
change crystal 
holder with 
sliding cover. 

the crystal. Lintless cloth from an optician's or 
a clean towel can be used for drying. 

Present-day electrodes have raised lands on 
each corner, as shown in Fig. 6-9, and the 
crystal should lie at least halfway across these 
lands and should not be larger than the elec-
trode. The electrodes should be cleaned as 
carefully as the crystal. Before final assembly 
both crystal and electrodes should be handled 
carefully by the corners or edges after their last 
good scrubbing. 

How To Grind 

The actual grinding is done as follows: 
Spread the 303 abrasive over an area about a 
half inch square on the lapping plate, wet the 
brush, mix water into the spot and spread the 
abrasive over the lapping plate. Always keep 
the abrasive moist. Take the button, put a 
drop of water at its center, and press the dry 
crystal blank over the drop of water. There 
should be just enough water in the drop so that 
it squeezes out under the edges of the blank, 
where it is wiped away. Place the button, 
blank down, on the emery and put the index 
finger in the center of the button. Use just 
enough pressure to move the button in a 
figure-8 pattern. This motion is used because 
it helps keep the blank flat. 

After grinding through ten or fifteen " 8s" 
the blank should be rechecked for frequency 
and activity. The blank's activity is a term 
used in crystal making to describe how strongly 
a crystal will oscillate. This may be indicated 
by the magnitude of the dip in the plate cur-
rent, grid current to the next stage, or rectified 
grid current in the crystal oscillator. (See 
" Maximum Grid Current" this chapter.) It is 
nearly impossible to tell how much change in 
frequency will occur during the grinding of a 
crystal, because pressure on the button, the 
amount of abrasive, and the area of the " 8" 
all will vary the frequency. The frequency 
change probably will be between 200 and 1000 
cycles per " 8," using a 7-Mc. crystal. The 



HIGH-FREQUENCY TRANSMITTERS 147 
crystal can be moved along faster as the op-
erator becomes more familiar with the tech-
nique, but for the beginner frequent checks of 
activity are in order so that any drop can be 
corrected. 
To grind a crystal successfully the activity 

must be good when the crystal is brought to the 
desired frequency. There are several ways to 
raise the activity. Assuming that, with careful 
grinding on a flat plate with a flat button, the 
two faces of the crystal are parallel, the major 
cause of low activity will be dirt or moisture on 
the crystal or electrodes. Before checking ac-
tivity the crystal should be scrubbed carefully 
with the toothbrush, using warm water and 
soap. Wipe the crystal clean and be sure that 
the electrodes are clean and dry. If the activity 
is still down the next thing is to bevel all eight 
edges of the crystal. The beveling can be done 
with either fine or coarse abrasive, but is 
usually more effective with the coarse. Bevel-
ing, incidentally, will also raise the frequency 
because of the quartz ground off during the 
process. 

Although beveling will usually improve the 
activity, another method — and probably the 
simplest — is to change electrodes. The land 
heights on the electrodes have a critical effect 
on activity. If the center of the crystal becomes 
too high and the lands are so low that the cen-
ter of the crystal touches the center of the 

Fig. 6.9—The EDGE 
•¡-inch elec-

trodes used in mod-
ern crystal holders, 
showing the lands at 
the corners between 
which the crystal is 
firmly held. 

TOP 
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electrodes, the crystal will stop oscillating. 
The last step — and the most drastic method 

of raising activity — is to edge-grind adjacent 
edges. This grinding is best done with coarse 
abrasive and should be followed by a slight 
bevel to remove any chips which may remain. 
By checking the crystal frequently, a drop in 
activity can be corrected by the above meth-
ods. If the crystal is ground too far and goes 
completely dead, the frequency may be too 
high when the crystal is again reactivated. 
Most crystals produced in the last five 

years or so have been brought to the desired 
frequency by an etching process. This process 
is not only a convenient means of quantity 
production, but it also results in a completely-
clean surface for the crystal, which plays an 
important part in the activity of the crystal 
and the maximum power it will handle with-
out overheating. Therefore regrinding may 
impair the performance of etched crystals, 
since regrinding destroys the etched surface. 

R.F. Power Amplifiers 

• SCREEN-GRID AMPLIFIERS 
Since the power output from an oscillator is 

limited for reasons previously stated, r.f. 
power greater than 10 or 15 watts, if the oscil-
lator is crystal-controlled, or a watt or two if 
VFO is used, usually is obtained by feeding 
the output of the oscillator into one or more 
amplifiers as may be required to raise the 
power level to that desired before feeding it 
to the antenna. 

Fig. 6-10 shows a fundamental amplifier 
circuit. The oscillator output is fed into the 
grid circuit of the amplifier. Power output is 
taken fróm the plate circuit. Both grid and 
plate circuits are tuned to the frequency of 
the oscillator. It will be noticed, however, 
that this fundamental circuit is the same as 
the circuit shown for the tuned-grid tuned-
plate oscillator of Fig. 6-2B. Therefore the 
amplifier circuit itself will function as an oscil-
lator, independently of the oscillator feeding 
it, unless measures are taken to make this 
condition impossible. 

Feed-back is through the path provided by 
the grid-plate capacitance of the tube. There-
fore an obvious measure is to decrease this ca-
pacitance so that the feed-back is not sufficient 
to support oscillation. This can be done by us-
ing a well-screened tube in the amplifier, as 
shown in Fig. 6-11A, and arranging the ampli-

Fig. 6.10 — Fundamental r.f. power-amplifier circuit. 
Means must be provided to prevent oscillation since the 
circuit is the same as that for a t.g.t.p. oscillator. See 
text for discussion. 

fier-circuit components, particularly the grid 
and plate tank coils, so that no other coupling 
for feed-back from output to input circuits 
exists. Tubes such as the 6K7, 6AG7, 2E25, 
807, 814 and 4-125A and similar types can be 
used successfully in this way. The less-com-
pletely screened tubes, such as the 6F6, 6V6, 
6L6 and 813 usually require other means of 
stabilization. 
The equivalent push-pull circuit Is shown in 

Fig. 6-11B. The r.f. chokes are used so that 
the centers of the coils will not be grounded for 
r.f. through the power supply, thus setting up 
two distinct tank circuits, each consisting of 
half of the coil and one section of the split-
stator condenser. The circuits for pentodes 
are the same with the addition of the grounded 
suppressor grid. 
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-BIAS 

Fig. 6-11 — Screen-grid amplifier circuits. A — Single-tube 
amplifier. B — Push-pull. 

Ci (grid tank) and I.2C2 (plate tank) are tuned to the, fre-
quency being fed to the amplifier. 

C3 - Grid by-pass condenser — 0.01-pfd. paper. 
C4 - Screen by -pass condenser — 0.01-afd. paper. 
C5 - Plate by-pass condenser — 0.01-afd. paper. 
Bi — Screen voltage-dropping resistor. 
11FC — Isolating r.f. chokes — 1 to 2.5 mh. 

• NEUTRALIZED TRIODE AMPLIFIERS 
Another method of preventing feed-back is 

to neutralize the effect of the grid-plate capaci-
tance by feeding, through a separate path to 
the grid, a voltage which is equal, but in op-
posite phase, to the voltage fed back from plate 
to grid through the plate-grid capacitance of 
the tube. 
The most commonly-used circuits for this 

purpose are shown in Fig. 6-12. Amplifiers 
using these systems of neutralization are 
known as plate-neutralized amplifiers. In 
each case, the midpoint of the plate tank cir-
cuit, either coil or condenser, is grounded, so 
that the voltages at opposite ends of the tank 
are essentially equal, but 180 degrees out of 
phase. 
The value of voltage fed back to neutralize 

the amplifier is adjusted to match that fed 
back through the grid-plate capacitance of the 
tube by adjusting the capacitance of the 
neutralizing condenser, Ce. 

Capacitive Voltage Division 

In Fig. 8-12A, the division of voltage across 
the tank circuit is dependent upon the ratio of 
the capacitances of the two sections of the tank 
condenser. Since these capacitances are equal 
in a split-stator condenser, the voltages at the 
ends of the tank circuit in respect to the 

cathode, which is connected to the center 
of the tank circuit through ground, are 
equal. Therefore the neutralizing voltage 
is the same as the feed-back voltage when 
the capacitance of the neutralizing con-
denser is equal to the grid-plate capaci-
tance of the tube. 

In this circuit, the output (plate-cathode) 
capacitance of the tube shunts only one 
section of the tank condenser. Therefore 
that half of the tank circuit has a greater 
total capacitance across it than the other 
half. Since the added capacitance is fixed 
in value, this means that the ratio of ca-
pacitance across the two sections does not 
remain constant for all settings of the tank 
condenser, especially if the tube output 
capacitance is large. When the tank con-
denser is at maximum capacitance, the 
tube capacitance usually is a small per-
centage of the condenser capacitance and 
therefore the unbalance between the two 
sections is at a minimum. However, when 
the tank condenser is set near minimum 
capacitance, the tube capacitance may be 
as large or larger than the condenser ca-
pacitance and the unbalance is appreciable. 
Therefore a fixed adjustment of the neu-
tralizing condenser may not hold neutrali-
zation for all settings of the tank conden-
ser. This condition can be corrected by 
connecting a condenser, C7, of capacitance 
equal to the tube output capacitance 
across the neutralizing-condenser side of 
the tank circuit, as shown in Fig. 6-13, to 

balance the tube capacitance which appears 
across the other side. The alternative is to 
adjust the inductance of the coil so that the 
circuit tunes to the desired frequency near 
the maximum-capacitance setting of the tank 
condenser, where the unbalance is less than 
near minimum capacitance. 

Inductive Voltage Division 

In Fig. 6-12B, the voltage division for neu-
tralization is dependent upon the ratio of in-
ductances in the two sections of the coil. The 
coil usually is tapped at the center to give 
equal voltages at the ends of the tank circuit. 
However, the tap may be placed tiff center, 
thus making the voltage at the plate end of 
the circuit higher or lower than the voltage at 
the other end of the circuit in respect to cath-
ode. In this case, the capacitance of the neu-
tralizing condenser must be altered to com-
pensate. If the plate end of the coil has more 
inductance than the other end, the capacitance 
of the neutralizing condenser must be greater 
than the grid-plate capacitance of the tube. If 
the plate end has less inductance than the 
other end, the neutralizing capacitance must 
be less than the grid-plate capacitance of the 
tube. 
One disadvantage of the circuit of Fig. 

6-12B is that when plug-in coils are used to 
change the amplifier tuning from one fre-
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Fig. 6-12 — Neutralized triode-amplifier circuits. A and B — Single-tube amplifier. C and D — Push-pull. 
Ce should have approximately the same value as the plate-grid capacitance of the tube when the plate 
tank circuit is grounded at the center (see text for other conditions). All other values same as corre-
sponding values given under Fig. 6-11. 

quency band to another, it may be difficult to 
tap the coils for each band with sufficient sim-
ilarity to avoid the necessity for readjustment 
of the neutralizing condenser each time coils 
are changed. 

' Push-Pull Neutralized Amplifiers 

Since a push-pull circuit is a balanced ar-
rangement, it is more easily neutralized and 
a single adjustment of the neutralizing con-
denser will hold over a greater tuning range. 
Circuits with inductive and capacitive voltage 
division are shown in Fig. 6-12C and D. While 
the circuit of C usually is considered prefer-
able, inductive voltage division, as shown at 
D, sometimes is employed to permit the use of 
single-section tank condensers. In theory the 
single-section condensers introduce an unbal-
ance in respect to ground, but in practice, the 
unbalance may not be so serious that the cir-
cuit cannot be used successfully, at least at 
3.5 and 7 Mc. 

• OTHER NEUTRALIZING CIRCUITS 
Additional, but less widely-used neutralizing 

circuits are shown in Fig. 6-14. The circuit of 
Fig. 6-14A is similar to that of Fig. 8-12A, 
except that the voltage division takes place in 
the grid circuit instead of the plate circuit. 
Any voltage which may be fed back to the grid 
circuit through the grid-plate capacitance of 
the tube is divided in the grid tank circuit so 
that half appears at the grid, while the other 
half is fed, 180 degrees out of phase, back to 

the plate. In another similar version the grid 
tank coil, instead of the condenser, is used as 
the voltage divider, the circuit being similar to 
Fig. 6-12B. 

Link Neu trallzation 

The link neutralizing circuit of Fig. 6-14B 
sometimes is useful as an expedient to stabilize 
a screen-grid amplifier which is not sufficiently 
screened or shielded. It has the advantage 
that it may be added readily to an already-
existing amplifier circuit without the necessity 
for a major alteration in either grid or tank 
circuits which would be required to shift the 
ground point to the center of the tank circuit. 
The link provides the path for coupling back 
the neutralizing voltage and proper phasing is 
dependent upon the polarisation of the two link 
coils. Connections to one of the link coils may 
be switched to obtain correct polarization. 

Output 

•II.V. 

Fig. 6-13 — In this neutralizing circuit, C7, which has 
the same capacitance as the output capacitance of the 
tube, has been added to compensate for the tube capaci-
tance across the upper half of the circuit. 
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(A) 

(C) 

Fig. 6-14 — Additional, but less commonly-used neu-
tralizing circuits. A — Grid neutralizing. B — Link 
neutralizing. C — Inductive neutralization. 

L2C2 — Tank circuits tuned to operating fre-
quency. 

Ca — Neutralizing condenser — approximately same 
capacitance as grid-plate capacitance of tube. 

Cg — Plate by-pass condenser — 0.01-pfd. paper. 
Cg — Grid by-pass condenser — 0.01-pfd. paper. 
Co — Voltage-blocking condenser — 0.001-pfd. mica. 
C7 — Variable condenser to tune trap circuit to oper-

ating frequency with Lb and grid-plate capaci-
tance of tube. 

La, L4— Neutralizing links — 2 to 10 turns, depending 
upon frequency. 

Lg — Neutralizing trap coil — to tune to operating fre-
quency with C7 and grid-plate capacitance of 
tube. 

• 
Inductive Neutralization 

The inductive-neutralization arrangement 
of Fig. 6-14C consists merely of making the 
plate-grid capacitance of the tube part of a 
circuit tuned to the frequency at which the 
amplifier is designed to operate. Since such a 
circuit presents a high impedance to the flow 
of current at the frequency to which it is tuned 
(wavetrap), it prevents voltage feed-back. 

All of the circuits of Fig. 6-14 have disad-
vantages in amateur practice, particularly in 
respect to the tuning range over which a 
single adjustment of neutralization will hold. 

Frequency Multipliers 

e FREQUENCY-MULTIPLYING 
AMPLIFIERS 

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 the fundamental. Thus when the frequency 
at the grid of the stage is 3.5 Mc., output at 
7 Mc. may be obtained by tuning the plate 
tank circuit to 7 Mc. The circuit otherwise re-
mains the same although some of the values 
may change. Since the input and output cir-
cuits are not tuned to the same frequency, 
neutralization is not required, unless the stage 
is to be operated at the fundamental also. 

Push-Pull Multiplier 

A single-tube amplifier, or an amplifier with 
tubes in parallel, will deliver output at either 
even or odd multiples of the frequency at 
which it is being driven. A push-pull amplifier 
does not work satisfactorily at even multiples, 
but very well at odd multiples. 

Push-Push Multiplier 

A two-tube circuit which works well at 
even harmonics, but not at the fundamental or 
odd harmonics, is shown in Fig. 6-15. It is 
known as the push-push circuit. The grids are 
connected in push-pull while the plates are 
connected in parallel 

This arrangement has an advantage in some 
applications. If the 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. Since the efficiency of a fre-
quency doubler as usually operated is much 
less than that of an amplifier working at the 
fundamental, the additional tube when dou-
bling helps to maintain a constant output 
level from the stage, whether operating at the 
fundamental or at the second harmonic. 

+my. 
rig. 6-15 — Circuit of a pfflh.push frequency multiplier 
for even harmonics. The grid tank circuit. Lin, is tuned 
to the frequency of the preeeding driving stage, while 
the plate tank circuit, L2(2. is t...led to an even multiple 
of that frequency, usuall the second harmonic. C3 iS 
the plate by-pass capacitor, usually a 0.01-gfd. paper 
condenser, while RFC is a 2.5-mh. r.f. choke. 
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(B) 
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Fig. 6-16 — ECO circuits. A — llartley. B — Colpitts. 
Approximate values are as follows: 
Ci — Oscillator tank condenser — for 3.5 Mc.: 500 

ppfd. or more total, including any fixed capaci-
tance which may be employed for bandspread 
purposes. 

C2 — Output tank condenser — 10O-pfd. variable. 
Ca — Tank condenser — 0.003-pfd. mica for 3.5 Mc. 
C4 — Tank condenser — 0.001-pfd. mica for 3.5 Mc. 
CS — Tuning condenser — 250-gpfd. variable for 3.5 

Mc. 
C9 — Grid condenser — 100 upfd. or less, mica. 
C7 — Screen by-pass condenser — 0.01-pfd. paper. 
C9 — Plate by-pass condenser — 0.01-pfd. paper. 
C9 — Output coupling condenser — 100 ppfd. or less, 

mica. 
11: — Grid leak — 50,000 ohms. 
Li — Oscillator tank coil — 4.3 phy. tapped approxi-

mately one-third from ground end for 3.5 Mc. 
(v. ith 500 »gird). 

L2 — Output tank coil — 22 shy. for 3.5 Mc., 7.5 shy. 
for 7 Mc. 

LS Oscillator tank coil — 3.3 phy.,for 3.5 Mc. with 
capacitance values given for Cat C4 and C. 

RFC — Parallel-feed r.f. choke — 2.5 mh. 

Multiplications of three and sometimes four 
or five are used to reach the bands above 28 
Mc. from a lower-frequency crystal, but in the 
majority of lower-frequency transmitters, mul-
tiplication in a single stage is limited to a 
factor of two because of the rapid decline in 
efficiency as the multiplication factor is in-
creased. Screen-grid tubes make the best fre-
quency multipliers because their high power-
sensitivity makes them easier to drive than 
triodes. 

e FREQUENCY-MULTIPLYING 
OSCILLATORS 

Electron- Coupled Oscillators 

Several circuits have been devised in which 
a single screen-grid tube performs the func-
tions of both an oscillator and an amplifier. 
The ECO circuits of Fig. 6-16 are of this type. 

The screen serves as the plate of a triode oscil-
lator, while the power is taken from a separate 
tuned output-plate tank circuit. 

In Fig. 6-16A, the oscillator circuit is a 
Hartley in which the ground point has been 
shifted from the cathode to the " plate." Fig. 6-
16B shows the Colpitts modified in a similar 
manner. The choke, RFC, is required to pro-
vide a d.c. path to the cathode without ground-
ing it for r.f. Output at a multiple of the oscil-
lator frequency may be obtained by tuning 
the output-plate tank circuit to the desired 
harmonic, although this is seldom done be-
yond the second harmonic. 

In both of these circuits, the oscillator fre-
quency is not entirely independent of tuning 
or loading in the output plate circuit. The 
reaction is less, however, when the output-
plate circuit is tuned to a harmonic or replaced 
by an untuned circuit, such as an r.f. choke, 
as shown in Fig. 6-17. The power output ob-
tainable with the latter arrangement is much 
lower, however. 

Tri-Tet Circuit 

Fig. 6-18 shows three crystal-oscillator cir-
cuits which operate on principles similar to 
those of the ECO. Circuits such as these have 
the additional advantage that they are in-
variably found to key more reliably than the 
simple triode or tetrode circuits, and do not 
incur the considerable loss in efficiency some-
times involved in detuning the plate circuit 
far to the high-frequency side of resonance for 
reliable crystal starting under load. 
The extent to which the output-plate circuit 

reacts on the oscillator portion of the circuit, 
and the output-circuit tuning characteristics, 
are influenced to a considerable degree by the 
effectiveness of the screening of the tube se-
lected. Well-screened tubes always are prefer-
able from the standpoints of both isolation 
and safety to the crystal. 

Fig. 6-18A shows the Tri-tet circuit. The 
oscillator portion is equivalent to that of a 
triode crystal oscillator, with the screen serv-
ing as the " plate" and the ground point being 
shifted from the cathode to the " plate." Power 
is taken from a separafe output-plate tank 
circuit. Since the output-plate circuit returns 
to cathode through the MCI tank circuit, the 
plate contributes to the feed-back to a certain 

+54. +N.V. 

Fig. 6-17 — ECO with an r.f. choke replacing the out-
put tank circuit for the purpose of reducing reaction on 
the oscillator portion of the circuit. 
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Fig. 6-18 — Crystal-controlled amplifying-oscillator cir-
cuits. Approximate values are as follows: 
Ci — Cathode-tank tuning condenser — 100-gmfd. va-

riable. 
C2 — Output-tank tuning condenser — 100-pufd. va-

riable. 
Ca — Screen by-pass condenser ("plate" grounding) 

— 0.01-pfd. paper. 
C4 — Plate by-pass condenser — 0.01-idd. paper. 
C6 — Output coupling condenser — 100 gmfd. or less, 

mica. 
C6 — Feed-back-control condenser — 100-pedd. variable. 
C7 — Parallel-feed blocking condenser — 0.001-ad. 

mica. 
RI — Grid leak — 50,000 to 150,000 ohms. 
R2 — Screen voltage-dropping resistor — 25,000 to 

100,000 ohms. 
— Tuned to desired harmonic of crystal or well 

above crystal frequency for fundamental oper-
ation (see text). 

LaCa — Tuned to desired output frequency. 
RFC — Parallel-feed r.f. choke — 2.5 mh. 

extent. Therefore, LiCi should always be 
tuned well to the high-frequency side of the 
crystal frequency to prevent excessive feed-
back and consequent unnecessarily-high volt-
age across the crystal. As with the ECO (Fig. 
6-16) and the circuits in Fig. 6-18, harmonic 
output may be obtained by tuning the output 
tank circuit, L2C2, to the desired multiple of the 
crystal frequency. In the Tri-tet circuit best 
harmonic output will be obtained with LIC1 
also tuned to the desired harmonic. 
When operating the Tri-tet circuit at the 

crystal frequency, LICI should be tuned no 
closer to the crystal frequency than is nec-

essary to make the circuit oscillate without 
output-plate voltage applied. When the oscil-
lator is to be used to obtain output at the 
fundamental or at harmonics as desired, the 
cathode tank circuit, LiCi, may be tuned to 
the highest multiple of the crystal frequency 
at which output is required. While the output 
at the crystal frequency and lower harmonics 
under this condition is less than the maximum 
obtainable with optimum cathode-circuit ad-
justment, it is usually at least as much as is 
obtainable at the highest harmonic and there-
fore the power output from the oscillator is ap-
proximately the same on all bands. 
With well-screened tubes, such as the 6SK7, 

2E25 or 802, the output-plate tuning charac-
teristic is like that shown in Fig. 6-19 at the 
fundamental as well as at the harmonics and 
the circuit will continue to oscillate regardless 
of the tuning of the output circuit. However, 
with poorly-screened tubes, such as the 6V6, 
6F6 or 6L6, the circuit will stop oscillating 
abruptly when the output circuit is tuned to a 
frequency lower than the crystal frequency, 
more in the manner of a simple triode or 
tetrode oscillator. With well-screened tubes, 
feed-back is at a minimum when the output 
circuit is unloaded, the excitation increasing 
as load is increased. This characteristic is op-
posite to that of the triode or tetrode crystal 
oscillator. 

Grid-Plate Oscillator 

A less widely-used circuit is the grid-plate 
crystal-oscillator circuit of Fig. 6-18B. The 
oscillator portion is similar to the triode Pierce 
with the screen being used as the " plate," 
and the ground point shifted to the " plate." 
/4'2 is the output-plate circuit. Cg adds to 
the " plate"-cathode capacitance for feed-
back-adjustment purposes. As in the Tri-
tet circuit, the return for the output-plate 
circuit to cathode is through Cg which is com-
mon to the grid return, and therefore the isola-
tion between oscillator and output circuits is 
incomplete and the plate contributes to the 
feed-back. However, with a well-screened tube 
the oscillator will continue to function regard-
less of the tuning of the output circuit. This 
circuit is used principally for its performance 
at the crystal fundamental, where it is superior 

e, 

Load7e "- V "." 

Unloaded 

d 
TUNING CAPACITY 

Fig. 6-19 — Plate tuning characteristic for Tri-tet, 
grid-plate and modified Pierce crystal-oscillator cir-
cuits, using well-screened tubes, for loaded (dashed line) 
and unloaded (solid line) conditions. In this case, the 
output-plate circuit may be tuned accurately to the 
minimum plate-current dip for maximum output 
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to that of the simple triode or tetrode circuits. 
Only at odd harmonics is it equal or possibly 
superior to the Tri-tet circuit. 

Modified Pierce 

Another version of the Pierce circuit, adapt-
able to pentodes, is shown in Fig. 6-18C. The 
oscillator portion of the circuit is the triode 
Pierce with the cathode grounded and the 

screen serving as the " plate." In this arrange-
ment the output-plate and grid returns are 
through independent paths and the suppressor 
provides screening against capacitance cou-
pling. In theory, at least, this circuit provides 
better isolation between the oscillator and 
output portions of the circuit than either of 
the other two. Pentodes, such as the 68K7, 
6AG7 and 802 are suitable for this circuit. 

Interstage Coupling 

Of the various systems that have been de-
vised for feeding the output of one stage into 
the input of another, the inductive-link and 
capacitive systems are the most widely used 
in amateur transmitters. The link system is 
used principally in cases where there must be 
appreciable physical separation between stages, 
where balanced and unbalanced circuits are 
to be coupled, or when minimum circuit 
capacitance is desired. The capacitive system 
has the advantages of simplicity, cheapness 
and compactness, but it does not lend itself so 
well to the conditions listed above. 

• INDUCTIVE SYSTEMS 
Link Coupling 

The link system, examples of which are 
shown in Fig. 6-20, consists merely of a two-
wire low-impedance line with each end termi-
nated in a coil of a few turns coupled tightly 
to the low-potential point of the output tank 
coil of the driver and the input tank coil of the 
driven stage. This low-potential point occurs 
at the " ground" end of the tank coil in un-
balanced circuits (Fig. 6-20A, B and C) and at 
the center of the tank coil in balanced arrange-
ments (Fig. 6-20B, C and D). 
The coupling between the two stages can be 

adjusted either by changing the number of 
turns in the link windings or by changing the 
coupling between the links and the tank coils. 
This system does not upset the symmetry of a 
balanced circuit through the introduction of 
unbalancing capacitances of the single-ended 
circuit coupled to it. 

Fig. 6-20 — Link-coupling circuits. A — Unbalanced 
output to unbalanced input. B — Balanced output to 
unbalanced input. C — Unbalanced output to balanced 
input. D — Balanced output to balanced input. 
Ci — Driver-stage plate tank condenser. 
C2 — Driven-stage grid tank condenser. 
C2 — Plate by-pass condenser. 
C4 — Grid by-pass condenser. 
C4 — Neutralizing condenser. 
Li — Driver output tank coil. 
L2 — Driven-stage input tank coil. 
— Link winding. 
Lin and L2Cz are always tuned to the saline frequency. 

RFC — Rd. choke. 

Fig. 6-20A shows the link system coupling 
two unbalanced circuits. This arrangement 
would be used, for instance, in coupling an 
oscillator or a screen-grid driver/amplifier to 
the input of a single-tube stage. 
The scheme at B would be suitable for cou-

pling a neutralized or push-pull driver to a 
single-tube amplifier. 

Driver 

+ H.V. -Bias 

(C) 

Driver 

HV 

(A) 

(B) 

Amplifier 

(D) 
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Driver 

C3= RFC 

Amp. 

+HY -Bus 

Fig. 6-21 — Inductive coupling from unbalanced output 
to balanced input. 
CI — Driven-stage grid tank condenser. 
Ca — Plate by-pass condenser. 
Li — Self-resonant (approximately) output coil. 
— Driven-stage grid tank coil. 
Li and L2 should be coupled tightly. 

RFC — R.f. choke. 

Fig. 6-20C shows the method applied in 
coupling the output of an unneutralized driver 
to a push-pull amplifier, while D is the circuit 
to be used in coupling a neutralized or push-
pull stage to another push-pull input. 

Inductive Coupling 

Another system which is used sometimes in 
coupling between an unbalanced driver and a 

DRIVER 

DR v ER 

+14.V. -BIAS 

balanced amplifier is shown in Fig. 6-21. The 
output coil of the driver stage is designed to 
resonate, with the driver-tube and circuit ca-
pacitances, near the desired operating fre-
quency. The amplifier input tank circuit tunes 
to the operating frequency and serves to a 
considerable degree also to tune the output 
circuit of the driver stage, since the two coils 
are coupled quite tightly. L1 should be wound 
centrally over or inside L2 and the turns of L1 
adjusted experimentally for optimum power 
transfer. 

I> CAPACITIVE COUPLING 
In a capacitive coupling system, the output 

tank circuit of the driver stage serves also as 
the input tank circuit of the driven stage. 
Several arrangements for coupling between 
balanced and unbalanced output and input 
circuits, depending upon whether series or 
parallel power feed is desired, are shown in 
Fig. 6-22. The coupling usually can be ad-
justed satisfactorily by changes in the value 
of the coupling capacitance, but sometimes 
wide differences in impedances of the two cir-
cuits to be coupled make it necessary to tap 
either the plate of the driver or the grid of the 

AMP 

Fig. 6-22 — Examples of capacitive coupling. A — Series plate 
series grid feed. C — Parallel feed in both plate and grid. D — 
output to unbalanced input, series plate feed, parallel grid feed. 

C1— Tank condenser. 
— By-pass condenser. 

C3 — Coupling condenser. 
C4 — Plate blocking condenser. 

CD 

— 
RFC 

(D) 

AMP 

+It v. - BIAS 

feed, parallel grid feed. B — Parallel plate feed, 
Series feed in both plate and grid. E — Balanced 
F — Single tube to push-pull. 
Neutralizing condenser. 
Circuit-balancing condenser. 
Tank coil. 
— R.f. choke. 
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driven tube down on the tank 
coil, as shown in Fig. 6-22A 
and B. 

With capacitive coupling, 
t he two stages cannot be sepa-
rated physically any appreci-
able distance without involv-
ing loss in transferred power 
and the danger of instability 
because of feed-back which 
long high-impedance leads may 
provide. Since both the out-
put capacitance of the driver 
tube and the input capacitance 
of the driven tube are lumped 
across the single tuned circuit, 
this sometimes makes it diffi-
cult, with the high-capacitance 
of screen-grid tubes, to obtain a tank circuit 
with a sufficient amount of inductance to pro-
vide an efficient circuit for the higher frequen-
cies. Another disadvantage is that it is diffi-
cult to preserve circuit balance in coupling 
from a single-tube stage to a push-pull stage 
because the circuit tends to become unbalanced 
by the output capacitance of the driver tube 
which appears across only one side of the cir-
cuit. This does not, however, preclude its use 
for this purpose, if simplicity in circuit is con-
sidered of greater importance, for frequencies 
below 30 Mc. 
The arrangements of Fig. 6-22A and B are 

most often seen with the plate tap of A and 
the grid tap of B connected to the top end of 
the coil, since this connection is satisfactory in 
the majority of eases. A is used when series 
driver plate feed is desired; B when series am-
plifier grid feed is wanted. In the circuit of C, 
the tank condenser and coil are grounded di-
rectly, but parallel power feed is required for 
both driver plate and amplifier grid. 
An arrangement which makes possible series 

feed to both plate and grid is shown at D. L1 
in D is a single coil, opened at the center for 
feeding in plate and biasing voltages. Since 
the by-pass condensers, C2, are directly in the 
tank circuit, they should be of good-grade 
mica and capable of handling the r.f. current 
circulating through the tank circuit. Because 
it provides a " double-ended" output circuit, 
it may be used in a neutralized amplifier stage 
simply by the addition of neutralizing con-
denser Cs. 
The grid of the driven tube and the plate of 

the driver tube being connected across oppo-
site halves of the tank circuit helps to dis-
tribute stray capacitances more evenly, there-
by preserving a better circuit balance. A still 
better balance can be achieved by using a split-
stator condenser at C1 and a single mica con-
denser at C2, grounding the circuit at the split--
stator rotor rather than between the two fixed 
condensers. Excitation may be adjusted, if 
necessary, by tapping the grid or plate, as 
may be required, down on the coil. Such a 
change, however, will necessitate readjust-

AMP 

E0. 

AMP. 

+HY. 55G. +HY. 1.5.G fitt. 

Fig. 6-23 — Diagram showing two isolating-amplifier stages coupled to the 
output of an ECO. 

CI — Coupling condenser — 100 
aafd. or less, mica. 

C2 Screen by-pass condenser 
— 0.01-pfd. paper. 

Ca — Cathode by-pass condenser 
— 0.01-afd. paper. 

RI — Grid leak — 50,000 to 100,-
000 ohms. 

R2 - Cathode biasing resistor--
200 to 500 ohms. 

— Coupling inductance — see 
text. 

RFC — Plate choke — 

ment of neutralization if the tank is used for 
neutralizing the driver as suggested. 
The circuit of Fig. 6-22E is the preferred 

arrangement for coupling a neutralized driver 
to a single-tube amplifier in cases where series 
feed to the grid of the amplifier is not con-
sidered important. F shows the same system 
feeding's push-pull amplifier. If a more accur-
ate balance is desired, a balancing condenser, 
Cs, can be used to compensate for the driver-
tube output capacitance across the other half 
of the circuit. 

• ISOLATING AMPLIFIERS 
In an unneutralized triode amplifier, changes 

occurring in the plate circuit, such as altera-
tions in plate voltage, plate-tank tuning or 
loading, will reflect changes in the effective 
input capacitance of the tube. When the am-
plifier is connected to a VFO, these variations 
will change the frequency of the VFO. Neu-
tralization of a triode amplifier or the sub-
stitution of a screen-grid tube will reduce these 
effects, but will not eliminate them entirely, 
especially in the case of screen-grid tubes 
whose electrode voltages are not regulated. 
Most of the change takes place when the 

plate tank circuit is tuned near resonance. 
Therefore one measure which can be taken to 
improve isolation is the use of a Axed non-
resonant circuit instead of the usual tuned 
tank in the plate circuit. 
The diagram of Fig. 6-23 shows two such 

stages coupled to a VFO. A nonresonant cir-
cuit also is substituted in the plate circuit of 
the ECO. An r.f. choke is used as the non-
resonant circuit in the output of the ECO and 
in the second amplifier. L1 in the plate circuit 
of the first amplifier is a winding that is self-
resonant with the tube and circuit capacitances 
at a frequency near but not in the band of 
frequencies over which the amplifier is intended 
to operate. This is to prevent forming a low-
frequency t.g.t.p. oscillating circuit which 
occurs when chokes of approximately the same 
characteristics are used in both input and out-
put circuits of the amplifier tubes. For the 
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same reason, resistors without chokes are used 
in the grid circuits. 
The power gain of an amplifier of this type 

is quite small, the purpose being almost en-
tirely that of securing isolation between the 
VFO and power amplifiers which would react 

on the frequency of the oscillator if coupled 
to it directly. Two amplifier stages of this 
type usually are necessary before a follow-
ing amplifier can be tuned or keyed with-
out noticeably affecting the oscillator fre-
quency and stability. 

Amplifier and Multiplier 

Tank-Circuit Design 

• LIC RATIO 
Plate Tank Capacitance 

Power cannot be readily coupled out of a 
plate tank circuit if the ratio of inductance to 
capacitance (LIC ratio) is too great. Also, 
harmonics are more readily generated in a tank 
circuit in which this ratio is high. On the other 
hand, a large capacitance and small inductance 
will cause high currents to circulate in the tank 
circuit increasing the losses and reducing the 
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Fig. 6-24 — Chart showing minimum plate tank capaci-
tances recommended with various ratios of plate volt-

age to plate current, for the four low-frequency amateur 

bands. In the circuits F, G and H of Fig. 6-25, the values 

shown by the graph may be divided by four. In circuits 

C, D, E, I, J and K, the capacitance of each section of 

the split-stator condenser may be one-half the value 

shown by the graph. The full graph values should be 

used for circuits A and B. These values are based on a 

circuit Q of 12. 

efficiency of the amplifier. Unless one of these 
factors is considered to be of greater impor-
tance than the other, a compromise value for 
the LIC ratio usually is selected. 
With the conditions under which r.f, power 

amplifiers in amateur transmitters usually are 
operated, the L/C ratio for the same degree of 
harmonic suppression and coupling varies in 
inverse proportion to the ratio of d.c. plate 
voltage to plate current with the amplifier in 
operation and loaded. The chart of Fig. 6-24 
shows recommended values of tank capaci-
tance for a wide range of plate-voltage/plate-
current ratios for each of the low-frequency 
amateur bands. The values given apply to the 
type of plate tank circuits shown in Fig. 6-25A 
and B only. Because the tube is connected 
across only half of the tank in the remainder 
of the circuits shown in Fig. 6-25, the total 
capacitance across the tank coil may be re-
duced to one-quarter that shown by the graph 
for the same plate-voltage/plate-current ratio. 
This means that in circuits in which a split-
stator condenser is used, the capacitance of 
each section of the condenser may be half 
the value shown in the graph, since the two 
sections are in series across the coil. 
The values shown in Fig. 6-24 are the ca-

pacitances which should be in actual use when 
the circuit is tuned to resonance in the selected 
band — not the maximum rated capacitance 
of the tank condenser including tube and 
circuit capacitances. They should be consid-
ered minimum values for satisfactory opera-
tion. They can be exceeded 50 to 100 per cent 
without involving an appreciable loss in circuit 
efficiency. 

Approximately the same L/C ratio should 
be used in the plate tank circuit whether the 
stage is operating as a straight amplifier or 
multiplying frequency in order to confine the 
output to the desired multiple as much as 
possible. 

Plate Tank Coils 

The inductance of manufactured coils usu-
ally is based upon the highest plate-voltage/ 
plate-current ratio likely to be used at the 
maximum power level for which the coils are 
designed, following the logical conclusion that 
it is easier to cut off turns than to add them. 
Therefore in the majority of cases, the capaci-
tance shown by Fig. 6-24 will be greater than 
that for which the coil is designed and turns 
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Fig. 6-25 — Diagrams showing the 
peak voltage for which the plate 
tank condenser should be rated for 
c.w. operation with varions circuit 
arrangements. E is equal to the 
d.c. plate voltage. The values 
should be doubled for plate modu-
lation. The circuit is assumed to 
be fully loaded. Circuits A, C, E, 
F and II require that the tank 
condenser be insulated from chassis 
or ground. 

must be removed to permit the use of the 
proper value of capacitance. At 28 Mc., and 
sometimes 14 Mc., the value of capacitance 
shown by the chart for a high plate-voltage/ 
plate-current ratio will be lower than that at-
tainable in practice with the components avail-
able. The design of manufactured coils usually 
takes this into consideration also and it may be 
found that values of capacitance greater than 
those shown in the graph are required to tune 
these coils to the band. 

Manufactured coils are rated according to 
the plate power input to the tube 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 from excessive 
heating. 

Plate Tank-Condenser Voltage 

In selecting a tank condenser with a spacing 
between plates sufficient to prevent voltage 

breakdown, the peak r.f. 
voltage across the tank 
circuit without modula-
tion may be taken as 
equal to the d.c. plate 
voltage. If the d.c. plate 
voltage also appears 
ateross the tank con-
denser, this must be 
added to the peak r.f. 
voltage, making the total 
peak voltage twice the 
d.c. plate voltage. If the 
:tmplifier 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 appear 
across the tank con-
denser, to permit the use 
of a smaller condenser 
with less plate spacing. 
Fig. 6-25 shows the peak 
voltage, in terms of d.c. 
plate voltage, to be ex-
pected across the tank 
condenser in various cir-
cuit arrangements. These 
peak-voltage values are 
given assuming that the 
amplifier is loaded to 
rated plate current. With-
out load, the peak r.f. 
voltage will run much 

higher. Since a c.w. transmitter may be oper-
ated without load while adjustments are be-
ing made, although a modulated amplifier 
never should be operated without load, it is 
sometimes considered logical to select a con-
denser for a c.w. transmitter with a peak-
voltage rating equal to that required for a 
'phone transmitter of the same power. How-
ever, if minimum cost and space are considera-
tions, a condenser with half the spacing re-
quired for 'phone operation can be used in a 
c.w. transmitter for the same carrier output, as 
indicated under Fig. 6-25, if power is reduced 
temporarily while tuning up without load. 
The plate spacing to be used for a given 

peak voltage will depend upon the design of 
the variable condenser, influencing factors 
being the mechanical construction or 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 which can be handled be-
tween plates. 
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Fig. 6-26 — Diagrams for determining grid tank-con-
denser capacitance. C should be a minimum of 200 ,add. 
for 3.5 Mc., 100 pad. for 7 Mc., 50 gpfd. for 14 Mc. and 
25 Atesfd. for 28 Mc. 
The tank condenser should have a voltage rating ap-

proximately equal to the operating bias voltage pith, 20 
per cent of the plate voltage for circuit A, twice this 
value for circuit B and each section of the condenser in 
circuit D, while the biasing voltage must be added to 
this latter figure in determining the voltage rating of 
each section of the condenser in circuit C. 

Plate-Blocking and By-Pass Condensers 

Plate-blocking and by-pass condensers in 
amplifier stages should have a voltage rating 
of 25 to 50 per cent above the tube plate-
supply voltage if the stage is not modulated or 
twice this rating if the stage is to be plate-
modulated. Paper 0.01-gfd. condensers are 
satisfactory for use in exciter stages operating 
at plate voltages of 500 or less. At higher plate 
voltages mica condensers having a capacitance 
of 0.001 to 0.002 dd. with appropriate voltage 
ratings should be used. 

R.F. Chokes 

Parallel plate feed provides a considerable 
measure of protection against serious injury 
to the operator from accidental contact with 
high-voltage d.c. in the tank circuit. However, 
the r.f. choke in this case is called upon to pre-
sent a high impedance at the operating fre-
quency if serious loss of power in the choke is 
te be avoided. When a transmitter is designed 
to operate on all amateur bands from 28 Mc. 
to 3.5 Mc., loss in r.f. chokes often occurs on 
one or more of the bands. There is no simple 
remedy for this difficulty aside from a shift to 
series plate feed which, of course, nullifies the 
safety angle. One possible remedy which has 
not yet been fully developed is the use of 
different r.f. chokes for each band, the chokes 
being switched or plugged in along with the 
tank coil. 

• GRID TANK CIRCUITS 
The value of capacitance to be used in a grid 

tank circuit when employing link coupling is 
not critical so long as the LIC ratio is low 
enough to permit satisfactory coupling to the 
driver stage. A capacitance of at least 200 mafd. 
is recommended for unbalanced grid tank 
circuits tuned to 3.5 Mc., with the value 
decreased in proportion as the frequency in-
creases, as given under Fig. 6-26. For ttnbal-
anced grid tank circuits, the total condenser 
capacitance may be cut in half, making the 
capacitance of each section of a split-stator 
condenser the same as that of the single con-
denser used in an unbalanced input grid tank 
circuit. 

Approximate tank-condenser voltage ratings 
are suggested under Fig. 6-26. Tank coils with 
a power rating equal to that of the driver plate 
tank coil should be used in the grid tank circuit. 

It is advantageous to operate a link-coupled 
grid tank circuit of a frequency multiplier with 
a somewhat higher LIC ratio than that used for 
straight amplification from the consideration 
of driving efficiency, but the ratio cannot be 
made too great without encountering coupling 
difficulties. 

Amplifier Operating Factors 

• USING TUBE DATA 
Transmitting-tube instruction sheets and 

data tables specify the limitations on various 
electrode voltages and currents which should be 
observed to insure normal tube life. Included 
also are sets of optimum operating conditions 
which should be followed as closely as possible 
to obtain rated output with good efficiency. 

Filament Voltage 

The filament voltage for the indirectly-
heated cathode-type tubes found in low-power 

cht—incations may vary 10 per cent above or 
b(low rating without seriously reducing the 
life of the tube. But the voltage of the higher-
power filament-type tubes should be held 
closely between the rated voltage as a mini-
mum and 5 per cent above rating as a maxi-
mum. Care should be taken to 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. 

Thoriated-type filaments lose emission when 
the tube is overloaded appreciably. If the over-
load has not been too prolonged, emission 
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sometimes may be restored by operating the 
filament at rated voltage with all other volt-
ages removed for a period of 10 minutes, or 
at 20 per cent above rated voltage for a few 
minutes. 

Grid Bias 

Two values of grid-biasing voltage are of 
interest in the practical operation of r.f. power 
amplifiers and frequency multipliers. These 
are protective bias and operating bias. 

Protective bias must be used with all but 
"zero-bias"-type tubes to hold the power input 
to the tube below the rated dissipation value 
when excitation is removed without removing 
plate (and screen) voltage. Without excitation, 
the amplifier delivers no power. Therefore any 
poiver input is dissipated in heat which would 
ruin the tube in a short space of time. This 
condition exists when the transmitter is keyed 
ahead of the amplifier, while tuning adjust-
ments are being made, or through failure of a 
crystal oscillator to function or other acci-
dental failures. 

Operating bias is the value of biasing volt-
age between grid and cathode when the am-
plifier is being driven and delivering power. 
The optimum value of biasing voltage for 
operating under a given set of conditions is 
listed in tube tables and manuals. Frequency 
multipliers require a considerably-higher oper-
ating bias for most efficient operation. 

Protective bias may be any value between 
that which limits the input to the tube to its 
rated plate (and screen) dissipation as a mini-
mum, and the operating value as a maximum. 
It is common practice, however, to set the 
value at some point between that which is 
necessary to cut off plate current completely 
(cutoff value) and the operating value. With 
fixed plate voltage, the cutoff value for a 
triode can be determined quite closely by 
dividing the plate voltage by the amplification 
factor obtained from the tube data sheet. For 
screen-grid tubes, the amplification factor of 
the screen must be used instead. In cases where 
this is not included in the operating data, the 
approximate cutoff value may be obtained 
from an inspection of the plate-current plate-
voltage curves which show the plate current 
for a wide range of plate and biasing voltages. 
' A factor which must be considered in deter-
mining the value of bias which will protect the 
tube is plate- (and screen-) voltage regulation. 
If the power-supply regulation is poor, or if 
the plate or screen is fed from a resistance 
voltage divider or a voltage-dropping resistor, 
the electrode voltages will soar as the tube 
draws less than normal operating current and 
therefore an increase over the calculated value 
of cut-off bias will be required to bring the 
current to zero. This condition is encountered 
most often in the operation of a screen-grid 
tube where the screen is not fed from a fixed-
voltage source. In such cases, care should be 
taken to make certain that the proper operat-

ing bias is not exceeded under operating condi-
tions when excitation is applied. 

Several different systems for obtaining bias 
are shown in Fig. 6-27. At A, bias is obtained 
entirely from the voltage drop across the grid 
leak, RI, caused by the flow of rectified grid 
current when the amplifier is being driven. 
This sytem has the desirable feature that the 
biasing voltage, being dependent upon the 
value of grid current, is kept adjusted close to 
proper operating value automatically over a 
considerable range of excitation levels. How-
ever, when excitation is removed, grid-current 
flow ceases and the voltage across R1 falls to 
zero and there is no bias. Therefore this sys-
tem provides no protection for the amplifier 
tube in case excitation fails or is removed. 
A battery delivering the required operating 

bias is used in the arrangement of Fig. 6-27B. 
Since the biasing voltage still remains when 
excitation is removed, plate-current flow ceases 
and the tube is protected. A factor which must 
be taken into consideration when dry batteries, 
such as " B" batteries, are used, is the resist-
ance of the batteries. If the internal resistance 
is high, the resistance will cause an increase, 
by grid-leak action, in the operating bias 
above that normally delivered by the batteries. 
Batteries develop internal resistance with age 
and should be replaced from time to time. 
Another factor is that the direction of grid-
current flow is such as to reverse the normal 
direction of current through the battery. This 
acts to charge the battery. A battery which has 
been in use for some time, particularly if the 
grid current under excitation is high, will show 
a considerably higher-than-rated terminal 
voltage because of the charging action of the 
grid current. The terminal voltage of a battery 
used in transmitter bias service where grid 
current flows cannot be used as an indication of 
the condition of the battery. Its internal re-
sistance may be high, even though it shows 
normal or above-normal terminal voltage. If 
the grid current in a battery-biased stage falls 
off after a period of operation and no other 
reason is obvious, it is probable that the bias-
ing battery should be replaced. The battery 
life which may be expected in bias service with 
a given value of grid current will be approxi-
mately the seine as it would be if that same 
current were being drawn from the battery. 

In Fig. 6-27C, the battery voltage is reduced 
to the protective value. When excitation is 
applied, grid-leak action through R2 supplies 
the additional biasing voltage necessary to 
bring the total up to the operating value. This 
combination of fixed and grid-leak bias is the 
most popular system, since it combines the 
safety of protective fixed bias and a measure 
of automatic adjustment of the operating value 
through grid-leak action. 

In Fig. 6-27D, a power pack is used to sup-
ply protective bias. The output of the power 
pack is connected across the grid resistor 
which is of the normal grid-leak value for the 
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Fig. 6-27 — Various systems for obtaining protective and operating bias for r.f. amplifier', A — Grid-leak. B — Bat-
tery. C — Combination battery and grid leak. D — Grid leak and adjusted-voltage bias pack. E — Combination 
grid leak and voltage-regulated pack. F — Cathode bias. 

tube. The peak voltage output of the trans-
former used in the power pack must not exceed 
the operating-bias value. A bleeder resistance 
cannot be used across the output of the pack, 
nor can the output voltage be reduced by 
means of a voltage divider or series dropping 
resistor without affecting the biasing voltage 
when excitation is applied. 
These restrictions on the use of a power pack 

can be avoided by the addition of a voltage-
regulator tube across the output of the pack, 
as shown in Fig. 6-27E. The voltage across the 
regulator tube remains constant with or with-
out grid current flowing. By making the volt-
age-regulator series resistor, R4, of proper 
value, the output voltage of the pack may be 
anything within reason above a minimum of 
approximately twice the voltage rating of the 
VR tube. These tubes are available for 75, 90, 
105 and 150 volts and each tube will handle up 
to 30 or 40 ma. of grid current. VR tubes may 
be used in series to obtain regulated voltages 
above 150, and in parallel for grid currents 
above 40 ma. It is usual practice to use a VR 
tube, or combination of VR tubes in series or 
series-parallel, with the minimum voltage rat-
ing which will give plate-current cut-off, and 
obtain the additional voltage required to bring 
the total bias up to the operating value by 
grid-leak action when excitation is applied, as 
with battery bias in Fig. 6-27C. The use of 

VR tubes for this purpose is discussed more 
fully in Chapter Seven. 
A single source of fixed biasing voltage, such 

as batteries or VR tubes in series, may be used 
to provide protective bias for more than one 
amplifier stage, tapping the batteries or con-
necting to the junction of the tubes in the VR 
series if lower biasing voltages are required for 
other stages. In this case, the current flowing 
through the fixed-bias source is the sum of the 
individual stages obtaining bias from the 
source. 

In Fig. 6-27F, bias is obtained from the volt-
age drop across a resistor in the cathode (or 
filament center-tap) lead. Protective bias is 
obtained 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 
(and screen) current increases and the grid 
current also contributes to the drop across R5, 
thereby increasing the bias to the operating 
value. Since the voltage between plate and 
cathode is reduced by the amount of the volt-
age drop across Rs, the supply voltage must be 
the sum of the plate and operating-bias volt-
ages. 
The resistance of /it, should be adjusted to 

the value which will give the correct operating 
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bias with rated grid, plate and screen currents 
flowing with the amplifier loaded to rated in-
put. When excitation is removed, the input to 
most types of tubes will fall to a value that 
will prevent damage to the tube, at least for 
the period of time required to remove plate 
voltage. 

Calculating Bias-Resistor Values 

The calculation of the required grid-leak and 
cathode biasing-resistor values is not difficult. 
For simple grid-leak bias, as shown in Fig. 
6-27A, the resistance is obtained by dividing 
the required operating-bias voltage by the 
rated grid current. 

Example: Required operatintz bias -= 100 volts. 
Rated grid current = 20 nia. = 0.02 amp. 

Grid-leak resistance = = 5000 ()Ions. 
0.02 

I f a combination of grid-leak and fixed pro-
tective bias is used, the amount of protective 
bias should be subtracted from the required 
operating-bias voltage before the calculation 
is made ('except in the case of the arrangement 
of Fig. 6-27D). 

Example: Required operating bias = 150 volts. 
Protective bias from battery or VR tube = volts. 
150-90 = 60 volts = required bias from grid leak. 
Rated grid current = 10 nia. = 0.01 amp. 

60 
Grid-leak resistance = 6000 ohms. 

• 0.01 

In the case of a cathode biasing resistor, the 
rated grid, screen and plate currents under 
load are added together. The required oper-
ating voltage is then divided by this total cur-
rent to obtain the resistance. 

Example: Rated grid current = 15 ma. = 0.015 amp. 
Rated screen current = 20 ma. = 0.02 amp. 
Rated plate current = 200 nia. = 0.2 amp. 
Total rated cathode current = 235 mua. = 0.235 amp. 
Required operating bias = 150 volts. 

Cathode resistance  638 ohms. 
0.235- 

The power rating of the resistor may be de-
termined from Ohm's Law: 

P = 12R 

Example: In the first example above for grid-leak 
resistance, 
I = 20 nia. = 0.02 amp. /2 = 0.0(104 
R = 5000 ohms. 
P = (0.0004) (5000) = 2 watts. 

Example: In the above example for cathode resistor, 
I = 235 ma. = 0.235 amp. /2 = 0.055 
R = 638 
P = (0.055) ((138) = 35.1 watts. 

Excitation 

Excitation, or driving power, is the r.f. 
power fed to the grid of the amplifier. R.f. 
power amplifiers in amateur transmitters al-
most exclusively are operated as Class C am-
plifiers. A Class C amplifier operates with a 
relatively high grid-biasing voltage so that 
plate current flows in pulses over only half or 
less of the exciting-voltage cycle (operating 

angle). It is in this manner that the Class C 
amplifier operates with high plate efficiency. 

For efficient operation a triode amplifier 
requires a driver capable of delivering 15 to 
20 per cent as much power as the rated power 
output of the amplifier. Screen-grid tubes re-
quire much less — usually from 5 to 10 per 
cent of their rated power output, but the power 
required by the screen is wasted, since it does 
not contribute directly to the r.f. power out-
put. Because of their higher power sensitivity, 
screen-grid tubes require more careful isola-
tion between input and output circuits to pre-
vent self-oscillation. 

For the sanie carrier output, a plate-modu-
lated amplifier requires greater driving power, 
because the average power input and output 
increase under modulation. Most tubes, how-
ever, have lower ratings for plate-modulated 
service and therefore the driving power will 
remain about the same with or without modu-
lation for operation of a given tube at maxi-
mum modulated or unmodulated ratings. 
To cover tank-circuit and coupling losses, a 

driver capable of supplying several times the 
driving power listed in the tube data should be 
used. A frequency multiplier requires two to 
three times as much driving power as a straight 
amplifier, more driving power being required 
as the multiplying factor increases. 

Power Output 

The figure for power out put given in the tube 
data is the r.f. power which the tube can be 
expected to deliver to the tank circuit under 
the conditions specified, at the fundamental 
frequency. Considerably less power usually 
can be obtained when multiplying frequency. 
The lower efficiency of frequency multipliers 
means that the input must be reduced to pre-
vent exceeding the rated dissipation. 

Power Input 

Power input for both triodes and screen-grid 
tubes is the d.c. power input to the plate cir-
cuit. It is the product of the d.c. plate voltage 
and plate current. 

Example: Plate voltage = 1250 volts. 
Plate current = 150 ma. = 0.15 snip. 
Power input = ( 1250) ((1.15) = 187.5 watts. 

Plate and Screen Dissipation 

All of the d.c. power fed to the plate circuit 
of an amplifier is not converted into r.f. power. 
l'art of it is wasted in heat within the tube. 
There is a limit to the amount of power that 
a tube can dissipate in the form of heat with-
out danger of damage to the tube. This is the 
maximum rated plate dissipation given in 
tube data. The power dissipated is the dif-
ference between the d.c. power input and the 
r.f. power output. 

Since the d.c. power furnished to the screen 
of a pentode or tetrode does not contribut 
the r.f. output, it is entirely dissipated in heat - 
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D.C.Grid Current 

Fig. 6-28 —"Curve showing relation .between driving 
power and plate-circuit efficiency of an r.f. power-am-
puffier stage. 

ing the screen, and the maximum-input rating 
should be carefully observed. 

Plate Efficiency 

The efficiency of an amplifier is the ratio 
of r.f. power output to the d.c. power input. 

Example: D.c. power input = 175 watts. 
R.f. power output = 125 watts. 
Dissipation = 175-125 = 50 watts. 

125 
Efficiency = = 0.714 = 71.4 per cent. 

175 

The plate efficiency at which an r.f, power 
amplifier can be operated depends chiefly upon 
the relative driving power delivered to the in-
put circuit. Fig. 6-28 shows that the driving 
power must be increased considerably out of 
proportion to the increase in efficiency at the 
higher efficiencies. An efficiency of 65 to 75 
per cent represents a satisfactory balance be-
tween power output and driving power. This 
figure drops to 20 to 50 per cent for frequency 
multipliers, the efficiency possible decreasing 
as the order of multiplication increases. When 
the tube is operated as a straight amplifier, 
greater driving power than that necessary for 
reasonable efficiency is not desirable because 
it results in increased harmonic output. 

Maximum Plate Current and Voltage 

All voltage figures given in tube data, unless 
otherwise specified, refer to the voltage be-

tween the electrode mentioned and cathode, or 
filament center-tap. Included are figures for 
maximum rated plate voltage and plate cur-
rent. These are the respective maximum values 
that should be used under any circumstances. 
Neither should be exceeded to compensate 
for a lower-than-rated value of the other in 
attempting to bring the power input up to 
permissible level. These maximum values 
should not be used simultaneously unless it is 
possible to do so without exceeding the rated 
plate dissipation. In some cases this cannot be 
done without higher plate efficiencies than are 
advisable from the consideration of harmonic 
output. 

Maximum Grid Current 

When a Class C amplifier is properly ex-
cited, the grid is driven positive over part of 
the cycle and rectification takes place as it 
does in a diode. Rectified grid current flows be-
tween grid and cathode within the tube and 
thence through the external d.c. circuit con-
necting grid and cathode which must always be 
provided. This external circuit includes the 
bias source (grid leak or voltage source) and 
either the grid r.f. choke with parallel feed, or 
the tank coil in series-feed arrangements. The 
flow of rectified current causes heat to be de-
veloped at the grid. As with the plate, there is 
a limit to the heat which the grid can dissipate 
safely. This limit is expressed in terms of maxi-
mum d.c. grid current which should not be ex-
ceeded in regular operation of the amplifier. 
Efficient operation usually can be attained 
with grid current below the maximum rated 
value. 

Interelectrode Capacitances 

The value given in tube data for grid-plate 
capacitance is useful in determining the value 
of capacitance necessary to neutralize a triode. 
(See "Neutralized Triode Amplifiers" this 
chapter.) The input- and output-capacitance 
values are helpful in arriving at a figure of 
minimum circuit capacitance, particularly 
where capacitance coupling is used. (See " Ca-
pacitance Coupling" this chapter.) 

Adjustment of R. F. Amplifiers 

Sets of typical operating conditions are given 
in all tube-data sheets and these should be fol-
lowed closely whenever possible. In amateur 
service, ICAS (intermittent commercial-ama-
teur service) ratings may be used when this 
set of ratings is given. When the available 
plate voltage falls between values given in the 
data, satisfactory performance may be ob-
tained by using intermediate values for the 
other voltages and currents listed. Fig. 6-29 
shows the connections for a voltmeter and mil-
liammeter to obtain desired readings. While 
cathode metering often is used for reasons of 
safety to the operator and meter insulation, 

it is frequently difficult to interpret readings 
that are the resultant of three currents, one 
of which may be falling while the other two 
are increasing. 

• SCREEN-GRID AMPLIFIER 
ADJUSTMENT 

In setting up a screen-grid amplifier for 
operation, the necessary provisions for bias 
should be made first. (See " Grid Bias" this 
chapter.) The driver stage should then be 
coupled and excitation applied. The output 
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from the driver should have been 
checked previously and found to be 
adequate. When the driver output 
circuit (and the amplifier grid tank 
circuit if link coupling is used) is 
tuned to resonance and properly 
coupled, a reading of grid current 
should be obtained. Maximum am-
plifier grid current should be obtained 
at the point where the driver plate 
current dips to minimum. 
The value of grid current is influ-

enced by the values of grid-leak re-
sistance and fixed-bias voltage. The 
grid current will increase with a de-
crease in grid-leak resistance or fixed 
biasing voltage. Adequate excitation 
is indicated only when rated grid 
current flows when the bias is at the 
correct operating value with the am-
plifier loaded. 
The coupling to the driver should 

be adjusted until the grid current is 
at its maximum rated value or slightly 
above. 

Excitation should then be removed 
and reduced plate, screen and biasing 
voltages applied, while a search is 
made for parasitic oscillations. (See 
"Parasitic Oscillations" this chapter.) 
If the screen is fed through a voltage-
dropping resistor or voltage divider, 
plate and screen voltages may be re-
duced by inserting a 115-volt 50- to 
200-watt lamp in series with the pri-
mary of the high-voltage transformer, 
the larger-size lamps being used for 
higher-power amplifiers. A resistor of 
5000 to 10,000 ohms of suitable power 
rating in series with the high-voltage lead to the 
amplifier may be used as an alternative, the 
lower-resistance value being used for higher-
power amplifiers. 

If the amplifier is entirely stable, no reading 
of grid current should be obtained at any com-
bination of settings of the input and output 
tuning condensers without excitation. 
The bias may now be increased to its rated 

value and excitation applied. Readings of 
screen and plate current should be obtained 
when excitation is applied. As the plate tank 
condenser is tuned through its range, the plate 
current will dip at resonance, while the screen 
current usually will rise to a peak. The am-
plifier now may be loaded by coupling it to a 
following stage, an antenna or a dummy load. 
As the loading is increased, the plate-current 
dip at resonance will become less pronounced, 
indicating that the load is taking power. Each 
time a change in loading is made, the plate 
tank circuit should be retuned for the plate-
current dip. When the amplifier is partially 
loaded, the screen and plate voltages may be 
increased to the full operating value, and the 
load adjusted to bring the plate current at 
resonance up to the rated value. 

To tired- bias 
source 

6rid 
Current 
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frde creen. 
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Fig. 6-29 — Diagrams showing placement of voltmeter and mil-
lianimeter to obtain desired measurements. A — Series grid feed, 
parallel plate feed and series screen voltage-dropping resistor. 
B — Parallel grid feed, aeries plate feed and screen voltage divider. 

With the amplifier operating and fully 
loaded, the coupling to the exciter should be 
adjusted to give rated grid current and the 
biasing voltage checked to make sure that it is 
the correct operating value. The screen volt-
age also should be checked at this point if it is 
being fed through a series resistance or voltage 
divider. 
When operating a screen-grid amplifier 

more excitation than that required to give 
maximum output at the operating bias speci-
fied should not be used, since overexcitation 
may increase the screen dissipation unneces-
sarily. If the screen is fed through a series re-
sistor, overdriving may cause the screen cur-
rent to increase. This increase in current will 
cause a greater voltage drop across the series 
resistor and thus the screen voltage may fall 
considerably below its correct operating value 
and the output from the amplifier may suffer 
accordingly. 
When a screen-grid amplifier is operating 

at rated input and loading, the grid current 
may be the same, above, or below the value 
obtained before applying screen and plate 
voltage, depending upon the screen-voltage 
adjustment. Screen voltage should never be 
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applied without first or simultaneously apply-
ing plate voltage and load except for short 
test periods, since without plate voltage and 
load, the screen input can run to dangerous 
proportions. 

• ADJUSTMENT OF TRIODE 
AMPLIFIERS 

Triode amplifiers may be adjusted following 
the procedure outlined previously for screen-
grid tubes (ignoring references to the screen, 
of course), except that the neutralizing ad-
justment must be made after the bias and exci-
tation have been initially adjusted. When 
plate voltage and load are applied to triode 
amplifiers, the grid current can be expected to 
fall appreeiably below the value obtained 
without plate voltage or load. Excitation 
should be sufficient to bring the grid current 
up to rated value with the amplifier operating 
and loaded at the rated value of operating bias. 

Neutralizing Procedure 

The procedure in neutralizing is essentially 
the same for all tubes and circuits. The fila-
ment of the tube should be lighted and excita-
tion from the preceding stage fed to the grid 
circuit. There should be no plate voltage on 
the amplifier. 
The grid-circuit milliammeter makes a good 

neutralizing indicator. If the circuit is not com-
pletely neutralized, tuning of the plate tank cir-
cuit through resonance will change the tuning of 
the grid circuit and affect its loading, causing a 
change in the rectified d.c. grid current. The 
setting of the neutralizing condenser which 
leaves the grid current unaffected as the plate 
tank is tuned through resonance is the correct 
one. If the circuit is out of neutralization, the 
grid current will drop perceptibly as the plate 
tank is tuned through resonance. As the point 
of neutralization is approached, by adjusting 
the neutralizing capacitance in small steps 
the dip in grid current as the plate condenser 
is swung through resonance will become less 
and less pronounced, until, at exact neutrali-
zation, there will be no dip at all. Further 
change of the neutralizing capacitance in the 
same direction will bring the grid-current dip 
back. The neutralizing condenser should 
always be adjusted with an insulated screw-
driver to avoid hand-capacitance effects. 
Adjustment of the neutralizing condenser 

may affect the tuning of the grid tank or driver 
plate tank, so both circuits should be retuned 
each time a change is made in neutralizing 
capacitance. In neutralizing a push-pull ampli-
fier the neutralizing condensers should be ad-
justed together, step by step, keeping their 
capacitances as equal as possible. 
With single-ended circuits having split-stator 

neutralizing, the behavior of the grid meter 
will depend somewhat upon the type of tube 
used. If the tube output capacitance is not 
great enough to upset the balance, the action 
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of the meter will be the same as in other cir-
cuits. With high-capacitance tubes, however, 
the meter usually will show a gradual rise and 
fall as the plate tank is tuned through reso-
nance, reaching a maximum right at resonance 
when the circuit is properly neutralized. 
When an amplifier is not neutralized a neon 

bulb touched to the plate of the amplifier tube 
or to the plate side of the tuning condenser will 
glow when the tank circuit is tuned through 
resonance, providing the driver has sufficient 
power. The glow will disappear when the am-
plifier is neutralized. However, touching the 
neon bulb to such an ungrounded point in the 
circuit may introduce enough stray capaci-
tance to unbalance the circuit slightly, thus 
upsetting the neutralizing. 
A flashlight bulb connected in series with a 

single-turn loop of wire 2% or 3 inches in 
diameter, with the loop coupled to the tank 
coil, also will serve as a neutralizing indicator. 
Capacitive unbalance can be avoided by 
coupling the loop to the low-potential part of 
the tank coil. 

If a setting of the neutralizing condenser can 
be found that gives minimum r.f. current in 
the plate tank circuit without completely 
eliminating it, there may be magnetic or ca-
pacitance coupling between the input and out-
put circuits external to the tube itself. Short 
leads in neutralizing circuits are highly de-
sirable, and the input and output inductances 
should be so placed with respect to each other 
that magnetic coupling is minimized. Usually 
this requires that the axes of the coils be at 
right angles to each other. In some cases it 
may be necessary to shield the input and out-
put circuits from each other. Magnetic cou-
pling can be detected by disconnecting the 
plate tank from the remainder of the circuit 
and testing for r.f. in it (by means of the flash-
light lamp and loop) as the tank condenser is 
tuned through resonance. The driver stage 
must be operating while this is done, of course. 
With single-ended amplifiers there are many 

stray capacitances left uncompensated for in 
the neutralizing process. With large tubes 
having relatively high interelectrode capaci-
tances, these commonly-neglected stray ca-
pacitances can prevent perfect neutralization. 
Symmetrical arrangement of a push-pull stage 
is about the only way to obtain practically 
perfect balance throughout the .amplifier. 
The neutralization of tubes with extremely 

low grid-plate capacitance, such as the 6L6, is 
often difficult, since it frequently happens that 
the wiring itself will introduce sufficient ca-
pacitance between the right points to " over-
neutralize" the grid-plate capacitance. The 
use of a neutralizing condenser only aggravates 
the condition. Inductive or link neutralization 
has been used successfully with such tubes. 

Neutralizing Condenser 

In most eases the neutralizing voltage will be 
equal to the r.f. voltage between the plate and 



HIGH-FREQUENCY TRANSMITTERS 165 

(A) 

grid of the tube, so that for perfect balance the 
capacitance required in the neutralizing con-
denser theoretically will be equal to the grid-
plate capacitance. If, in the circuits having 
tapped tank coils, the tap is more than half 
the total number of turns from the plate end of 
the coil, the required neutralizing capacitance 
will increase approximately in proportion to 
the relative number of turns in the two sec-
tions of the coil. 
With tubes having grid and plate con-

nections brought out through the bulb, a con-
denser having at about half scale or less a ca-
pacitance equal to the grid-plate capacitance 
of the tube should be chosen. If the grid and 
plate leads are brought through a common 
base the capacitance needed is greater, because 
the tube socket and its associated wiring add 
some capacitance to the actual interelement 
capaditances. 

• PARASITIC OSCILLATIONS 

l'arasitic oscillations are oscillations at fre-
quencies other than the operating frequency, 
which are frequently encountered in the oper-
ation of an r.f. power amplifier. Oscillations of 
this type not only cause the transmission of 
illegal spurious signals but impair the effi-
ciency of operation. In fact, they can be so se-
vere as to make operation of the stage as an 
amplifier impossible and may destroy the tube 
if they are allowed to persist for any appre-
ciable time. Parasitic oscillations may be re-
sponsible for erratic tuning characteristics. 
Two types are often found to exist either 

separately or together. The simultaneous use 
of r.f. chokes in both grid and plate circuits of 
an amplifier can set up a t.g.t.p. oscillator at 
low frequencies with the aid of coupling and 
plate-blocking condensers. A split-stator con-
denser also can serve to tune the r.f. choke 
with which it is often associated in either the 
plate or grid tank circuit. Low-frequency para-
sitic oscillation sometimes can be detected by 
listening on a receiver close to the transmitter, 
when harmonics, usually rough in character, 
may be heard at regular intervals that are 
multiples of the fundamental frequency which 

(-] 

Fig. 6-30 — Methods of suppressing v.h. 
B — Series grid feed. C — Tuned trap in 
values are as follows: 

C1 — 30-aafd. mica trimmer condenser. 
RI — ohms, 1 watt, noninductive. 
1.1 — 5 turns No. 14, 3,i-inch diameter, 

may he anywhere between 1500 kc. and 100 
kc. or less. On a calibrated receiver, the funda-
mental frequency can be determined by ob-
serving the spacing between adjacent har-
monics. The low-frequency parasitic circuit 
can be eliminated by using series feed in 
either grid or plate circuit, thus avoiding the 
necessity for one of the r.f. chokes. In the 
case of split-stator tank circuas, the grid 
r.f. choke can be eliminated if a grid leak is 
used. When a split-stator plate tank is used 
with an r.f. choke between the rotor of the 
condenser and the center-tap of the coil, it 
will be necessary to use series feed in the grid 
circuit if the stage is capacitance-coupled to 
the driver, since the plate radio-frequency 
choke is essential. 

V.h.f. parasitic oscillations usually are the 
result of a t.g.t.p. circuit set up by connecting 
leads and capacitances shunting them. When 
screen-grid tubes are used, they usually can 
be eliminated by inserting a 50-ohm non-
inductive resistor at the screen terminal and a 
v.h.f. choke at the grid, as shown in Fig. 6-30. 
With triodes, the choke at the grid terminal 
usually will kill the parasitic, but sometimes a 
trap circuit tuned to the frequency of the para-
sitic is necessary, as shown at C. With the cir-
cuit oscillating parasitically, the trap con-
denser should be adjusted with an insulated 
screwdriver. When the trap is tuned to the 
parasitic frequency, oscillation will cease. The 
frequency range over which the condenser will 
tune can be altered by spreading or squeezing 
together the turns of the coil. 

Amplifiers can be tested for parasitics by 
lowering plate (and screen) voltage to about 
half normal operating value and then reducing 
the fixed bias, if necessary, until the tube 
draws 50 per cent or so of normal plate current 
without excitation. The plate tank condenser 
should be swung through its range for several 
different settings of the grid tank condenser or, 
in the case of capacitance coupling, the plate 
tank condenser of the driver. If a grid-current 
reading is obtained, oscillation is taking place. 
The frequency of the oscillation can be deter-
mined by means of an absorption-type fre-
quency meter (see Chapter Sixteen). 

- BIAS 

+S.G. 

(B) 
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f. parasitic oscillation in r.f. power amplifiers. A — Parallel grid feel. 
grid lead. Exact values must be determined experimentally. Approximate 

M inch long. 

RFC: — 11 turns No. 20, 3s.inch diameter, .% inch 
long, wound on 1-watt resistor, 0.1 megohm or 
more, as a form. 
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Parasitic oscillation should not be confused 
with oscillation at or close to the operating 
frequency caused by insufficient isolation be-
tween input and output circuits. 

• IMPROPER OPERATION 
Inexact neutralization-of stray coupling be-

tween plate and grid circuits may result in re-
generation. This effect is most evident with 
low excitation, when the amplifier will show a 
sudden increase in output when the plate tank 
circuit is tuned slightly to the high-frequency 
side of resonance. It is accompanied by a pro-
nounced increase in grid current. 

Self-oscillation is apt to occur with tubes of 
high power sensitivity, such as the r.f. pentodes 
and tetrodes. In event of either regeneration 
or oscillation, circuit components should be 
arranged so that those in the plate circuit are 
well isolated from those of the grid circuit. 
Plate and grid leads should be made as short 
as possible and the screen should be by-passed 
as close to the socket terminal as possible. A 
cylindrical shield surrounding the lower portion 
of the tube up to the lower edge of the plate is 
sometimes required. 
"Double resonance," or two tuning spots on 

the plate-tank condenser, one giving minimum 
plate current and the other maximum power 
output, may occur when the tank-circuit ca-
pacitance is too low. A similar effect also occurs 
at times with screen-grid amplifiers when the 
screen-voltage regulation is poor, as when the 
screen is supplied through a dropping resistor. 
The screen voltage decreases with a decrease 
in plate current, because the screen current 

Tank  circuit 

Tank circu;t 

Tant circuit 

(A) 

(B) 

(c) 

Fig. 6-31 —"Dummy antenna'. circuits for checking 
power output and making adjustments under load 
without applying power to the actual antenna. 

Increases under the same conditions. Thus the 
minimum plate-current point causes the screen 
voltage, and hence the power output, to be 
less than when a slightly higher plate current is 
drawn. 
A phenomenon known as " grid emission" 

may occur when the amplifier tube is oper-
ated at higher than rated power dissipation on 
either the plate or grid. It is particularly likely 
to occur with tubes having oxide-coated cath-
odes, such as the indirectly-heated types. It is 
caused by the grid reaching a temperature high 
enough to cause electron emission. The elec-
trons so emitted are attracted to the plate, 
further increasing the power input and heat-
ing, so that grid emission is characterized 
by gradually-increasing plate current and heat 
which eventually will ruin the tube if the power 
is not removed. Grid emission can be prevented 
by operating the tube within its ratings. 

Harmonic Suppression 

The most important step in the elimination 
of harmonic radiation is to use an output tank 
circuit having a Q of 12 or more. (See " Tank-
Circuit Design" this chapter.) Beyond this 
it is desirable to avoid any considerable amount 
of overexcitation of a Class C amplifier, since 
excitation in excess of that required for normal 
Class C operation further distorts the plate-
current pulse and increases the harmonic con-
tent in the output of the amplifier even though 
the proper tank Q is used. If the antenna sys-
tem in use will accept harmonic frequencies 
they will be radiated when distortion is present, 
and consequently the antenna coupling system 
preferably should be selected with harmonic 
transfer in mind (see Chapter Ten). 
Harmonic content can be reduced to some 

extent by preventing distortion of the r.f. 
grid-voltage waveshape. This can be done by 
using a grid tank circuit with high effective 
Q. Link coupling between the driver and final 
amplifier is helpful, since the two tank cir-
cuits provide more attenuation than one at the 
harmonic frequencies. However, the advan-
tages of link coupling in this respect may be 
nullified unless the Q of the grid tank is high 
enough to give good voltage regulation, which 
minimizes harmonic transfer and thus pre-
vents distortion in the grid circuit. 

• CHECKING POWER OUTPUT 
As a check on the operation of an amplifier, 

its power output may be measured by the use 
of a load of known resistance, coupled to the 
amplifier output as shown in Fig. 6-31. At A a 
thermoammeter, A, and a noninductive (ordi-
nary wire-wound resistors are not satisfac-
tory) resistance, R, are connected across a coil 
of a few turns coupled to the amplifier tank 
coil. The higher the resistance of R, the greater 
the number of turns required in the coupling 
coil. A resistor used in this way is generally 
called a "dummy antenna." The loading may 
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Fig. 6-32 — NIethod of switching single milliammeter 
to various circuits with a two-gang switch. The control 
shaft should be well insulated from the switch contacts, 
and should he grounded. The resistors, It, should have 
values of resistance ten to twenty times the internal 
resistance of the meter; 47 ohms will usually be satis-
factory. Si is a 2-section multiposition rotary switch. 
Its insulation should be ceramic for high voltages, and a 
suitable insulating coupling should always be used be-
tween shaft and control knob. 

readily be adjusted by varying the coupling 
between the two coils, so that the amplifier 
draws rated plate current when tuned to reso-
nance. The power output is then calculated 
from Ohm's Law: 

P (watts) = PR 

where I is the current indicated by the thermo-
ammeter and R is the resistance of the non-
inductive resistor. Special resistance units are 
available for this purpose, ranging from 73 to 
600 ohms (simulating antenna and transmis-
sion-line impedances) at power ratings up to 
100 watts. For higher powers, the units may be 
connected in series-parallel. The meter scale 
required for any expected value of power out-
put may also be determined from Ohm's Law: 

Incandescent light bulbs can be used to re-

Fig. 6-33 — Filament connec-
tions for transmitting tubes. 
The by-pass condensers usually 
are 0.01-gfd. paper for frequen-
cies up to 30 Mc. The center-
tap resistor may be any low 
value of 10 to 50 ohms and may 
be made up of two identical 
resistors of half value. 

• (A) 

C.T 

(B) 
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place the special resistor and thermoammeter. 
The lamp should be equipped with a pair of 
leads, preferably soldered to the terminals on 
the lamp base. The coupling should be varied 
until the greatest brilliance is obtained for a 
given plate input. In using lamps as dummy 
antennas a size corresponding to the expected 
power output should be selected, so that the 
lamp will operate near its normal brilliancy. 
Then, when the adjustments have been com-
pleted, an approximation of the power output 
can be obtained by comparing the brightness of 
the lamp with the brightness of one of similar 
power rating in a 115-volt socket. 
The circuit of Fig. 6-31B is for resistors or 

lamps of relatively high resistance. In using 
this circuit, care should be taken to avoid ac-
cidental contact with the plate tank when the 
power is on. This danger is avoided by circuit 
C, in which a separate tank circuit, LC, tuned 
to the operating frequency, is coupled to the 
plate tank circuit. The loading is adjusted by 
varying the number of turns across which the 
dummy antenna is connected on L and by 
changing the coupling between the two coils. 
With push-pull amplifiers, the dummy antenna 
should be tapped equally on either side of the 
center of the tank when the circuit of Fig. 
6-31B is used. 

Meter Switching 

A single milliammeter may be switched to 
read current in any of several different circuits. 
The circuit is shown in Fig. 6-32. The resistors, 
R, are connected in the various circuits in place 
of the milliammeters shown in Fig. 6-29. Since 
the resistance of R is several times the internal 
resistance of the milliammeter, it will have no 
practical effect upon the reading of the meter. 
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 se-
lected. 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 reading a multiplying factor. 
(See Chapter Sixteen.) Care should be taken 
to observe proper polarity in making the con-
nections between the reSistors and the switch. 

Filament and Cathode Connections 

In the illustrative diagrams shown up to this 
point, cathodes have been indicated in all 

(c) 
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tubes for the sake of facilitating the under-
standing of the circuits and their operating 
principles. Actually, only the lower-power 
transmitting tubes have cathodes of this type. 
In the larger tubes which have no cathodes as 
such, the filament itself serves as the cathode 
and the cathode connections shown are ac-
tually made to the center-tap of the filament 
transformer, as shown in Fig. 6-33A or, if the 
transformer has no center-tap, to the center of 
a low resistance connected across the filament, 
as shown at B. Each side of the filament usually 
is by-passed as shown. 

In the case of cathode-type tubes, the heater 

sometimes is grounded directly as shown in 
Fig. 6-33C; the other side sometimes is by-
passed and sometimes is not, as found neces-
sary to minimize hum. 

In the descriptions of apparatus to follow, 
not only the electrical specifications but also 
the manufacturer's name and type number 
have been given for many components. This is 
for the convenience of the builder who may 
wish to make an exact copy of some piece of 
equipment. However, it should be understood 
that a component of different manufacture, 
provided it has the same electrical specifica-
tion,. may be subst it uted in most cases. 

A Simple Single-Tube Transmitter 

One of the simplest practical transmitters is 
shown in the photographs of Figs. 6-34 and 
6-36. If the station receiver has a power audio 
stage which is not required for headphone 
reception, the tube may be taken from the 
receiver and used in the transmitter (provided 
that the tube is a pentode or tetrode as it 
usually is). A plug inserted in the empty socket 
in the receiver may be used to obtain power for 
operating the transmitter. 
The circuit is shown in Fig. 6-35. The Tri-

tet oscillator circuit is used to permit operation 
in either the 3.5- Mc, band or the 7-Mc. band 
with a single 3.5- Mc. crystal. Series plate feed 
is used and no means of reducing the voltage 
of the screen below that of the plate is neces-
sary if the supply potential does not exceed 
250 to 300 volts. 
The cathode circuit is tuned by a fixed mica 

condenser, C1, but if necessary, the tuning of 
this circuit can be changed by changing the 
dimensions of the coil, LI. 
No provision is included for tuning the an-

tenna system, for the sake of maximum sim-

plicity. This can be done by selecting the 
proper feeder length and adjusting the size 
of the antenna coupling coil, L3. 

Construction 

To minimize the tools required for the con-
struction of the transmitter the parts are 
mounted on a simple chassis of wood finished 
with clear lacquer or shellac. Two I% X 9%-
inch strips of 34-inch-thick wood are fastened 
with screws to the two 4 X 23 X 3À-inch 
end pieces, leaving enough separation between 
the strips for the Amphenol MIP octal sockets 
used for the crystal and the socket for the tube. 
Wood screws can be used to mount the sockets, 
or they can be bolted to the wood strips with 
6-32 machine screws. The key of the tube 
socket should be mounted toward the front 
of the transmitter for convenience in wiring 
the plate circuit to the tuning condenser. 
Because the tuning condenser does not have a 
long mounting shank, it is necessary to drill a 
clearance hole for the shank and then dig 
away — or counterbore — clearance for the 

nut. The two Fahnestock clips for 
the antenna are secured under 
two of the screws used for fasten-
ing the wood strips to the right-
hand end piece, and the other two 
clips used for the key leads are 
held down by machine screws on 
the left-hand end piece. The r.f. 

Fig. 6-34 — By using wood for the 
chassis and simplified construction 
throughout, this simple oscillator trans-
mitter can be built ssith very few shop 
tools. Using a 3.5-Mc. cry - tal, operation 
in the 3.5- and 7•Mc. band- is possible by 
changing the plate and antenna coils. 
The arrangement i, -unable for 6F6, 
6V6 or other similar pentodes and 
t et rodes. 
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choke is held in place on the left-
hand end piece by a machine 
screw. The four wires used for a 
power cable are brought out at 
the rear left under the wood strip 
— a half-round hole is filed in the 
end piece to clear the wires. 
The plate and antenna coils are 

held in place on three small sticks 
set in the top of the chassis — 
penny suckers are a good source 
of these sticks. The bottom of the 
plate coil connects to a brass ma-
chine screw soldered to a lug 
which is sweated to the stator 
terminal of the tuning condenser, 
and the screw is built up most of 
its length by adding nuts or small 
spacers. The screen end of the 
coil, the top end of the winding, is fastened to 
a brass screw that runs through the rear wood 
strip. The coil ends have lugs soldered to them 
to facilitate band-changing. The antenna-coil 
ends similarly fasten to two brass screws sup-
ported by short lengths of heavy wire and t he 
wire is sweated to the Fahnestock clips and to 
the heads of the screws. 

Fig. 6-36 — Bottom view of the simple single-tube transmitter. The 
cathode coil is between the tube and crystal sockets. The r.f. choke is to 
the right, C4 is at left center with the two by-pass condensers, C2 and 
Ca, to the right of it. 

Wiring 

The wiring is done with the same wire that 
is used for the coils, because a single 50-foot 
roll of No. 18 bell wire, available in any 
"5 & 10" or hardware store, suffices for the 
whole rig with some to spare. To insure good 
electrical connection, the wire is soldered at 
every connection, which means that the wire is 
soldered to the heads of the brass machine 
screws used for the key leads and the screen 
end of L2 before the screws are put in place. 
One key lead, one end of RI, the outer foil 

6F6 OR 6V6 

Fig. 6-35 — Wiring diagram of the inexpensive easy-to' 
build transmitter. 
— 470-add. mica. 

C2, Cs — 0.01.44fd. 600-Volt paper. 
C4 — 140-tutfd. variable (liammarlund SM-140 or Bud 

MC-1876). 
Rt — 0.1-megohm 1-watt composition. 
Li — 5 turns No. 18 d.c.c., 1X-inch inside diameter, 

close-wound. 
— 3.5 Mc.: 19 turn.. 7 Mc.: 12 turns. 

La — 13 turns and 6 turiN. Requires experiment — see 
text. See text for L2 and La winding instruction.. 

Pt — See text. 
RFC — 2.5-mh. r.f. choke (National R-100U). 

connections on C2 and C3, and the lead to Pin 
1 of the power plug must be connected to Pin 1 
of the tube socket. At the crystal socket, two 
adjacent pins (e.g., 1 and 8) are bonded to-
gether for the grid side of the crystal and the 
next two pins (e.g., 2 and 3) are bonded to-
gether for the cathode side. This permits plug-
ging the crystal into either Pins 8 and 2 or 1 
and 3. The connection can be elaborated still 
further by bonding Pins 4 and 5 with 8 and 1 
and tying 6 and 7 to 2 and 3, in which case 
the crystal can be plugged in any way and it 
will make the proper connection. 
The cathode coil, consisting of 5 turns of No. 

18 bell wire, is wound on a 1u-inch diameter 
form and then removed and tied with string 
at a number of places. The cathode coil is 
mounted by its leads only but, being short, 
they offer adequate support. 
The plate and antenna coils are wound by 

equally spacing seven nails on a 2-inch diame-
ter circle, driving the nails completely through 
the board used so that the heads are flush 
against the board. Small spikes can be used, 
or nails of the " 8-penny" size will be satis-
factory if a thin board is used. One end of the 
wire is secured to a nail and the wire is threaded 
over alternate nails, so that the coil repeats 
itself every two turns. When the required 
number of turns has been made, the end of 
the wire is wrapped around a nail and the coil 
tied together with string at the seven cross-
over points. Soldering lugs are soldered to the 
ends of the coil for ease in changing bands. 
The four wires coming out the side of the 

chassis that go to the power plug are twisted 
together slightly and cabled with string to form 
a neat cable, and the cable plug, Pi, is simply 
the base from an old tube. If the receiver is to 
be used as a source of power, the base should 
be one that will fit the power-output tube in 
the receiver. Break the tube and chew out the 
glass from inside the base with a pair of pliers, 
being sareful not to break the bakelite of the 
base. It will help in making connection to the 
proper pins if a small drill, slightly larger than 
the diameter of the No. 18 wire, is run through 
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the pins before the wires are inserted and 
soldered in place. 

Tuning 

After checking the wiring, plug in a crystal 
and connect the 7-Mc. coil in place. Place the 
audio tube from the receiver in the transmitter 
and plug in the power cable, and connect a key 
to the clips on the side of the transmitter. 
If the receiver has push-pull output, it is 
probably best to remove both power tubes. 
Set the tuning condenser, C4, at about 40 
per cent meshed and turn on the power to the 
receiver. When the tube has had time to warm 
up — about 30 seconds — close the key and 

115V,A.C. 
Fig. 6-37 — Circuit diagram of alternative power sup-
ply for the simple single-tube transmitter. 
Ci — 8-ufd. 450-volt electrolytic. 
Ri — 25,000 ohms, 10 watts. 
Li — Filter choke — any receiver replacement type, 

15 hy. or more, 50 ma. or more. 
Ji — 8-prong tube socket. 
Si — S.p.s.t. toggle switch. 
Ti — Power transformer — any receiver replacement 

type, not over 750 volts c.t., 50 ma. or more. 

touch a neon bulb to the plate end of L2. 

Or a small 10-watt electric lamp can be con-
nected to the antenna posts with the 6-turn 
antenna coil in place. If C4 is set properly, the 
neon bulb will glow or the lamp will light. If 
this does not happen, try tuning the plate con-
denser until signs of output become apparent. 
The transmitter can then be checked on the 
3.5-Mc. band by putting in the proper coils — 
remembering, however, to turn off the receiver 
and hold the key closed until the power pack of 
the receiver has been discharged, to avoid get-
ting a shock when touching the coil terminals. 
The tuning condenser setting will be about 85 
per cent meshed on the lower-frequency band. 

It will not be possible in most cases to check 
the keying on the receiver used to furnish 
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power to the transmitter, and it is highly ad-
visable to check the keying in a monitor or 
another receiver. If the keying is chirpy, 
the cathode coil, LI, should be squeezed out of 
round to reduce its inductance until the keying 
is better. On the 3.5-Mc, band, best keying will 
generally be obtained with slightly less capac-
ity at C4 than the setting for maximum output. 
In the oscillator shown in the photographs, a 
slight key click on " break" was reduced al-
most completely by connecting a 0.1-dd. 600-
volt paper condenser directly across the key. 
Some crystals key better than others. 

Antennas 

A 135-foot piece of wire for the antenna can 
be fed in several ways to give satisfactory re-
sults. It can be fed at one end with about 40 
feet of open-wire feeders (about 32 feet of 
Amphenol 300-ohm Twin-Lead) or it can be 
fed in the center with 100 feet of open-wire 
feedline (about 80 feet of 300-ohm Twin-
Lead). These lengths will enable one to connect 
the feedline directly to the antenna posts of 
the transmitter without the necessity for tun-
ing condensers — other lengths may require 
either series or parallel condensers. Some ex-
periment with the antenna coil may be neces-
sary, but a small flashlight bulb in series with 
one of the feeders will serve as a good indica-
tion of feeder current, and will help in the tune-
up process. The lamp need not be shorted 
during normal operation unless it burns too 
brightly. A neon bulb will also help in detecting 
r.f. energy in. the transmission line, but it may 
not always light with this low power. 

If room for only a short length of wire is 
available for the antenna, say 40 or 50 feet, it 
is best to connect its end to one antenna post 
and a good ground to the other. Here again 
some experimentation will be necessary to 
determine the optimum size of L3. The diagram 
of a suitable alternative power supply is shown 
in Fig. 6-37. 
The power can be increased by substituting 

a 6L6 for a smaller tube and adding a sep-
arate power supply to give 350 volts at 100 
ma., but it is not advisable to increase the 
voltage much above this value without keep-
ing the screen voltage down by the addition 
of a dropping resistor and another by-pass 
condenser. 

An Inexpensive Two-Tube Transmitter 
Figs. 6-38, 6-40 and 6-41 show the construc-

tion of another simple low-power transmitter 
capable of about twice the output of that from 
the simple oscillator transmitter. It is shown 
complete with power supply in Fig. 6-38. The 
circuit diagram appears in Fig. 6-39. The ar-
rangement consists of a Pierce crystal oscillator 
capacitance-coupled to an output stage which 
may be used either as a straight amplifier at 
the crystal frequency or as a frequency doubler 
to deliver output at twice the crystal fre-

quency. This combination has the advantage 
over a simple oscillator transmitter in that the 
oscillator is isolated from the effects of tuning 
and loading. Type 6L6, 6V6 or 6F6 tubes, or 
their glass equivalents, may be used in either 
the oscillator or amplifier with only a slight 
difference in performance at the supplied plate 
volt age. 
By the use of the proper coil at Li, output 

may be obtained at 3.5 or 7 Mc. with a 3.5-Mc. 
crystal or at 7 or 14 Mc. with a 7-Mc. crystal. 
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O-38 — The com-
plete low-power tao. 
tube transmitter. In 
the r.f. unit in the fore-
ground, left to right, 
are the 5-prong socket 
for the power plug, 
I .0 al sockets for the 
cr..tal, oscillator tube 
..11.1 amplifier tube, 
and the output tank 
condensers, Cs and 
Cm, with the coil Li in 
between. 
On the power-sup-

ply chassis at the rear 
are the filter choke, L2, 
the Type 80 rectifier 
tube and the power 
transformer. The filter 
condensers, C11 and 
C12, and the bleeder 
resistor, R9, are under-
neath. The key-click 
filter is to the right. 

The amplifier input is not tuned so that neu-
tralization is unnecessary. C2 provides regen-
eration; its value should not depart appreciably 
from that specified. The output tank circuit is 
in the form of a pi-section filter which makes 
it possible to use the transmitter with a wide 
variety of antenna systems. 

Parallel plate feed is used in the output stage 
to remove plate voltage from the tuning con-

Pins on octal 
socket for 
f8"spaciny 

1/2 

THUMP AND SPARK- F- ILTER AT KEY 

I  (KEY- FRAME KEY 
BINDING POST) ^g 

densers and the coil. Plate voltage is reduced 
for the oscillator by the series resistor, Rg, 

while screen voltage is obtained from the 
voltage divider made up of R2 and R3. In the 
amplifier section, the screen voltage is obtained 
from the second voltage divider consisting of 
Rg and R7. Grid bias for the oscillator is ob-
tained from the grid leak, RI, alone, while a 
combination of cathode resistor (14) and grid 

BASE 
VIEW OF 

(KEY) POWER PLUG 

ANT. 

GNU. 

Fig. 6-39 — Circuit diagram of the 
low-powered two-tube transmitter, 

,c) power supply and keying filter. 

CI, Cs — 0.001-pfd. mica. 
C2, CS — 100-gpfd. mica. 
C3, Cg, Cg, C7 — 0.01-pfd. paper. 
C9, CIO — 250-551d. variable (Na-

tional TAIS 250). 
Cl2 — 16-pfd. 475-volt elec-

trolytic. 
C13 — 1-pfd. 400-volt paper. 
Cig — 0.5-afd. 400-volt paper. 
RI, R3 — 47,000 ohms, 1 watt. 
R2, Rs — 0.1 megohm, 1 watt. 
Ri - 22,000 ohms, watt. 
Rs, Rio-330 ohms, 1 watt. 
112, Rs — 15,000 ohms, 2 watts. 
RD — 20,000 ohms, wire-wound, 10 w. 
— 3.5 Mc.: 32 turns No. 20 d.s.c., 

fl4inch diam., close-wound. 
— 7 Mc.: 20 turns No. 20 

enam., 1 Ai-inch diam., 13¡ 
inches long. 

— 14 Mc.: 10 turns No. 18 
enam., 1%-inch diam., 1 inch 
long. 

(B & W JEL80, " 10" or "20" 
coils may be substituted.) 

122 — Filter choke, 10 hv., 130 ma. 
(Stancor C-2303).. 

It — 60-ma, dial-lamp assembly. 
Ji — 5-prong chassis-mounting plug. 
Pi — 5-prong female cable plug. 
RFC — 2.5-mh. r.f. choke. 

(11-610) T — Power transformer: 350 volts 
each side of center, 100 ma.; 
5 v., 3 amp.; 6.3 v., 43 amp. 

BASE VIEW (Stancor P-4080). 
OF  VI, POWER- V2 — 6V6, 6L6, 6F6 or glass CABLE SOCKET  

equivalents. 
V3 — Type 80 rectifier. 
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leak (R4) is used for the amplifier. A 60-ma. 
dial lamp serves as a resonance indicator in 
tuning up the transmitter. 

Construction 

The chassis or frame is made entirely from 
lattice strip, 15% inches wide and X inch thick. 
The sketch of Fig. 6-41 shows how the strips 
are fastened together with 1-inch wire brads. 
The 1X-inch spacing between the top strips is 
appropriate for Millen sockets, but it can be 
changed to suit sockets of other dimensions, 
of course. 
The completed chassis was given a couple 

of coats of gray Duco. The sockets are fas-
tened in place by means of small wood screws 
and are orientated so that most-convenient 
connections may be made. The power-plug 
socket has its metal-ring key to the left, the 
oscillator tube-socket key is to the right, the 
amplifier tube socket toward the front and the 
coil socket toward the left. 

Fig. 6-10 — Bottom view of the 2-tulie lom-po.er tran.mitter. The by-pass condegr:rrs, 
r.f. chokes and re›i›.tors are grouped around the tube sockets. 'I'he ground wire mentioned 
in the text runs along the top edge of the lower chassis strip. The indicator lamp, II, is 
wired in the II+ line just below the amplifier plate r.f. choke. It is placed underneath the 
chassis where it can be viewed from above through the opening between the chassis strips. 
The r.f. choke to the right is in the amplifier and the one to the left is in the oscillator circuit. 

All wiring is done underneath. The ground 
wire is a piece of No. 14 bare wire which runs 
the length of the chassis from the No. 4 prong 
on the power-supply socket to the rotor of C10. 
To this wire all ground connections shown in 
the diagram are made. Connections to by-pass 
condensers and r.f. chokes should be as short 
as possible. the by-pass condensers being 
connected to the nearest point on the ground 
wire. A pair of fiber lug strips provides anchor-
age for resistors and r.f. chokes. " Hot" r.f. 
leads (those from the plates and control grids 
of the tubes and the connections between the 
tuning condensers and the coil) should be 
short and direct instead of going around right-
angle bends. The output terminals are Fahne-
stock clips fastened to the two sides of CIO. 
Homemade coils may be constructed by 

winding them, according to the dimensions 
given under Fig. 6-39, on Hammarlund 1%-inch 
diameter 5-prong coil forms. Those shown in 
the photograph are the B & W JEL series. 

Inexpensive components are used in the 
power supply. The transformer is a broadcast-

receiver replacement type as are the filter com-
ponents. The chassis is similar to that used for 
the transmitter, the only difference being in 
the length — 9% inches instead of 15% inches. 
The filter condensers, and the bleeder resistor, 
Rs, are placed underneath. 
The key-click filter is a separate unit as-

sembled on a small piece of 34-inch wood. The 
connecting leads and the leads to the key 
should be short if the filter is to be effective. 
The side of the filter connected to power-plug 
Pin 5 should be connected to the frame of the 
key. 

Adjustment 

The transmitter should first be tuned up 
without the antenna connected. It should be 
remembered that only the second harmonic of 
crystals between 3500 and 3650 kc. and be-
tween 7000 and 7200 kc. are useful in the 
higher-frequency amateur bands. With a 
suitable crystal and coil plugged in, the 

power supply may 
be plugged in -and 
the key closed after 
allowing time for 
the heaters of the 
tubes to come up 
to temperature. 
The indicator 
lamp should glow 
brightly when the 
key is closed. Set-
wig C10 at about 
half capacitance, 
Cg should be ad-
justed as /I is 
watched for a dip 
in illumination. If 
this dip cannot be 
found anywhere 
within the range of 

Cs, another setting of CIO should be tried. As 
soon as the dip has been found, the antenna 
may be connected, and the tuning process re-
peated as before. With the antenna connected 
the dip at resonance will not be so pronounced. 
In fact, when the amplifier is loaded properly, 
the dip should be just noticeable — just enough 
to indicate that the out put circuit is tuned to 
resonance. The proper loading point may be 
found by adjusting C10 at several fixed settings 
and rotating Cg through its range for each 
setting of C10. As the proper point is ap-
proached, the capacitance of Ci0 should be 
adjusted in smaller steps. In most cases the 
loading will increase as the capacitance setting 
of C10 is decreased. Near maximum loading, 
the adjustment is fairly critical. With an-
tennas of certain dimensions, it may be neces-
sary to short-circuit a few turns on L1 to obtain 
maximum loading in the 3.5- Mc. band. 

While the best antenna within the limits of 
cost and space should be used, the output cir-
cuit provides means of feeding power into a 
wire of random length; it is not necessary that 
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TOP VIEW 

(A) 

SIDE VIEW 

its length be a multiple of a half- wavelength. 
With the power supply described, an output of 
about 10 watts should be possible at the crys-
tal fundamental; and 5 or 6 watts when the 
output stage is used as a frequency doubler. If 
a milliammeter is connected in series with the 
key, it should show a reading of about 20 ma. 
with the amplifier tuned to resonance and un-

ir (B) 
4_-

END VIEW 

Fig. 6.41 — Sketch 
showing the im-
portant dimensions 
of the chassis for 
the simple two. 
tube transmitter. 
The center lines 
are numbered as 
follows: 1 — power 
plug, 2 — crystal 
socket, 3 — oscil-
lator-tube socket, 
4 — amplifier-tube 
socket, 5 — tuning 
condenser, C9, 6 — 
coil socket, 7 — 
condenser Cio. 

heeled at the crystal fundamental, and about 
40 ma. when doubling. Loaded, the plate cur-
rent should run between 70 and 80 ma. With 
a power-supply voltage of 350, the oscillator 
plate voltage should be 170, the oscillator 
screen voltage 90, and the amplifier screen volt-
age 220, with the amplifier loaded and tuned to 
resonance. 

A Self-Contained 60-Watt Transmitter for Three Bands 

The diagram of Fig. 6-43 shows the circuit 
of a simple two-stage transmitter. The finished 
unit, shown in Fig. 6-42, is enclosed in a cab-
inet, complete with power supply and ant enfla 
tuner. 
A 6V6GT Tri-tet oscillator drives an 807 

output stage directly with simple capacitive 
coupling. Any one of ten crystals may be 
selected from the front of the panel by the 
crystal switch, Si. A pair of terminals also is 
provided at the rear for VFO connection. 
Bands are changed by means of a system of 
plug-in coils. 

• 

Fig.6-e--Atwo-stage 
60-watt transmitter for 
three bands. To either 
side of the milliam-
meter are the oscillator 
and amplifier plate-
tuning controls. Along 
the bottom are the 
crystal switch, the 
plate-voltage switch, 
the meter switch, the 
key jack and the an-
tenna t g control. 

The oscillator circuit operates with either 
3.5- or 7-Mc. crystals. In either case, oscillator 
output may be obtained at the crystal funda-
mental frequency or its second harmonic. 
While the output stage may be used as a fre-
quency doubler with fair efficiency, this sort 
of operation is not recommended unless the 
unit is to be used as an exciter for a following 
amplifier. 

Parallel plate feed is used in both stages to 
permit mounting the tuning condensers, C2 and 
C3, directly on the metal chassis without in-
sulation. The v.h.f. choke RFC2 and the screen 
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Fig. 6-43 — Circuit diagram of the 3-band 60-watt transmitter. 

TI 

CI, Cs — 100-add. mica. 
Cla — 100-aafd. mica (see text). 
— 50-amfd. variable (National ST-50). 

Cla — 22-gafd. mica (see text). 
C3, C4 — 150-ggfd. variable (National ST-150). 
C3, Cs, CO — 0.01-mfd. paper. 
C7, C10 — 0.001-Al. mica. 
C11, C12 — 4-pfd. 1000-volt paper. 
Ri — 220 ohms, 1 watt. 
112 — 47,000 ohm«, q watt. 
112 — 40,000 ohm«, 5 watts. 
R4 — 100-ma. meter shunt (see text). 
113 — 15,000 ohms, 1 watt. 
Rs — 47 ohms, AI watt. 
R7 — 47 ohms, 1 watt. 
Rs — 200-ma. meter shunt (see text). 
Ils — 50,000 ohms, 25 watts. 
Rio — 10,000 ohm« 25 watts (adjustable). 
Li — Oscillator cathode coil: 

IA (3.5-111e. crystals) — 14 turns No. 22 1. 
inch diam., % inch long. 100-apfd. mica, Cia, 
connected in parallel. 

1B (7-Mc. crystals) — 10 turns No. 22 d.o.o.. 1. 
inch diam., % inch long. 

14— Oscillator plate coil: 
2A (3.5 Me.) — 80 turns No. 26 d.s.c., 

diam., close-wound, C14 connected in parallel. 
2B (7 Mc.) — 40 turns No. 24 d.c.c., diam., 

close-mound. 
2C — (14 Mc.) 25 turns No. 18 d.c.c., .14-inch 

diam., I% inches long. 

resistor, R7, are necessary to suppress h.f. 
parasitic oscillations. 
The s.p.d.t. toggle switch, S2, makes it pos-

sible either to key both stages simultaneously 
for break-in work on the lower frequencies, or 
the output stage alone at 14-Mc, frequencies 
where oscillator keying chirp may become 
noticeable. The unit includes a link-coupled 
antenna tuner, LaC4. 
The self-contained power supply is built 

around an inexpensive multiwinding trans-
former, 7'1. The separate filament transformer, 
7'2, makes it possible to cut off the plate voltage 

807 

C9 

VR 

va 

R 

L3 — Amplifier plate coil: 
3A (3.5 Mc.) — 24 turns I q-inch diam., P4 

inches long (B & W JEL80 with 16 turns re-
moved). 3-turn link. 

3B (7 Mc.) — 18 turns I diam., 1% inches 
long (B & W JEL40). 2-turn link. 

3C (14 Mc.) — 12 turns 1 ..inch diam., 2 inches 
long (B & W JEL20). 2-turn link. 

— Antenna coil: 
4A (3.5 Mc.) — 30 turns 1%-inch diam., 2 inches 

long, 3-turn variable link at center (II & W 
JVL80 with 5 turns removed from each end). 

4B (7 Mc.) — 24 turns 1%-inch diam., 2% inches 
long, 3-turn link at center (B & W JVL40). 

4C (14 Mc.) — 14 turns 1%-inch diam., 2% inches 
long, 3-turn link at center (B & W JVL20). 

Ls — 6-henry 175-ma, filter choke. 
I — 6.3-volt signal-lamp assembly. 
ji — Closed-circuit jack. 
M.% — 0-10 ma. meter. 
RFC: — 2.5-mh. r.f. choke. 
RFC2— 11 turns No. 20, 31e-inch diam., % inch long. 
Si — 11-point tap switch, ceramic insulation. 
Sa — S.p.d.t. toggle. 
S3 — Double-gang 3-position rotary switch. 
S4 — S.p.s.t. toggle. 
T: — 600 volts each side of center, 200 ma.; 5 volts, 3 

amp. (UTC S-41). 
Ta — 6.3 volts, 3 amp. (UTC S-55). 
V It — Voltage-regulator tubes — V R-150 and VR-105 

types in series to give 255 volts. • 

without turning off the heaters of the tubes. A 
condenser-input filter is used to boost the out-
put voltage to 600 under load. Voltage for the 
plate of the oscillator and the screen of the 807 
is kept from soaring when the key is open by a 
pair of voltage-regulator tubes. This operating 
voltage of 255 is dropped to 150 volts for the 
screen of the 6V6GT by the series resistor, Rg. 
The milliammeter may be switched to read 

oscillator plate current and so7 grid or plate 
current by the double-gang switch, Sg, which 
connects the meter across the shunting re-
sistors, Rg. Rg and Rg. R4 and Rg are adjusted 

AN 
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to multiply the 10-ma, basic meter-scale read-
ing by 10 and 20, making the full-scale reading 
100 and 200 ma. respectively when checking 
plate currents, while the resistance of R6 is 
sufficiently high to have negligible effect upon 
the meter reading when measuring the grid 
current of the amplifier. 

Construction 

Reference should be made to the photo-
graphs of Figs. 6-42 through 6-47 for construc-
tional details. The transmitter is built on a 
10 X 14 X 3-inch chassis which fits a stand-
ard 9 X 15 X 103%-inch cabinet. The r.f. sec-
tion occupies the front half of the chassis, while 
the power-supply components are lined up at 
the rear. 

All tube and coil sockets are submounted. 
The cathode coil, LI, requires a 4-prong socket; 
octals are needed for the 6V6GT, the oscillator 
plate coil, L2, the rectifier and the two VR 
tubes; L3 and L4 require 5-prong sockets. 
The oscillator and amplifier groups are sepa-

rated by a small baffle shield cut from sheet 
aluminum. It is 4 inches high and 5 inches long 
and has a cut-out in front for the meter. It is 
spaced 8 inches in from the right-hand end of 
the chassis. The line of ten Millen crystal 
sockets is placed as close to the left-hand 
edge of the chassis as possible. Each of these 
requires two clearance holes and a mounting-
screw hole between. 

Alongside the crystal row are the 6V6GT 
oscillator tube and its cathode coil, LI, fol-
lowed by the plate coil, L2, and the oscillator 
tuning condenser, C2. The latter is mounted 
directly on the chassis 45% inches from the 
left-hand edge. The oscillator grid and plate 
chokes are mounted underneath. 
On the other side of the baffle shield are the 

807 with its plate-circuit choke and blocking 
condenser, C10, the output tank condenser and 
coil, C3 and L3, and the antenna-coupler coil, 
L4. The antenna tuning condenser, C4, is 
mounted under the chassis. The socket for the 
807 is spaced as far below the chassis level as 
possible, without protruding from the bottom, 
by means of brackets cut from strip metal. The 
purpose of this is to provide a shield between 
the input and output sections of the tube. A 
1%-inch hole is required to clear the tube en-
velope. C3 is mounted directly on the chassis 
with its shaft 4% inches from the right-hand 
end of the chassis to balance the shaft of the 
oscillator plate-tank condenser. 
The antenna tuning condenser, C4, must be 

insulated from the chassis. This is done by 
means of an aluminum angle bracket and a pair 
of polystyrene feed-through buttons. The con-
denser is placed so that its shaft comes 1% 
inches from the end of the chassis to balance 
the shaft of the crystal switch at the opposite 
end. The antenna coil is mounted at right 
angles to L3. 
The meter switch, 83, is mounted at the 

center between the front edge of the chassis 
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and the bottom part of the 807. The key jack 
and power switch, S4, are spaced equally to 
either side of the center of the front edge of the 
chassis. 
The power-supply components are placed as 

close as possible to the rear edge of the chassis, 
with the transformer T1 at the left followed 
by the rectifier and voltage-regulator tubes, 
the input condenser, C11, the filter choke, Lg, 
and the output condenser. A large cut-out is 
required for the transformer terminals and if 
filter condensers of the type shown are used, 
holes for the terminals must be provided in 
addition to the mounting-screw holes. The 
leads to the filter choke are fed down through 
a grommet-lined hole next to the choke. The 
key switch, S2, and the antenna terminals are 
mounted in the rear edge of the chassis where 
the power cord also enters. 

Underneath the chassis, the power wiring 
was done first, keeping it bunched and close to 
the chassis wherever possible. The separate 
filament transformer, T2, is fastened to the 
left-hand end of the chassis. By-pass condens-
ers and r.f. chokes should be placed close to the 
tube terminals to which they connect. The 
by-pass condensers should be grounded to the 
chassis at the nearest available point. The 
coupling and blocking condensers, C7, Cg and 
C10, should be well spaced from the chassis. 
The same applies to all r.f. wiring, which 
should also be kept short and direct between 
points of connection. The length of leads to 
resistors is not important. In some cases it may 
be convenient to use fiber lug strips as anchor-
ages or supports for small resistors and r.f. 
chokes. 
The meter shunts, R4, R6 and 1?8, are 

Fig. 641 — The oscillator section of the 60-watt trans-
mitter, showing the line of crystal sockets, the cathode 
coil, the shielded plate coil and the 6V6GT. 
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mounted directly on the meter switch. R4 alld 
R8 are made from No. 30 magnet wire. Ap-
proximately 7 feet will be required for R8 and 
14 feet for R4. Before the meter is mounted in 
the panel, it should be connected in series with 
a 3-volt battery and a variable resistance of 
about 500 ohms. A resistor with a slider will 
serve the purpose if no other is available 
The resistance should be adjusted until the 
meter reads full scale. When the shunting 
wire, cut to a length of two or three feet more 
than that required is connected across the 
meter terminals, the reading will drop. The 
length of the wire should be adjusted, bit by 
bit, until the reading drops to 1 ma. for R4 and 
to M ma. for Rg. The wire then may be ‘v,und 
on a small form for compactness. A 1 \\ att 

Fig. 6-45 — Looking into the aim 1.1, her end of the 60. 
watt transmitter chassis. The 807 .... Let is spaced below 
the chassis to provide shielding between the input and 
output sections. The coil in the foreground is in the 
antenna tuner, while the one behind it is the amplifier 
plate tank coil. 

resistor of 100 ohms or more makes a good 
form and its resistance does not affect the 
calibration of the shunt to any practical degree. 
The link line between the output tank circuit 

and the antenna tuner, and the connections 
between the latter and the antenna terminals at 
the rear, should be made with rigid wire spaced 
well away from the chassis and surrounding 
components. 

Coils 

The output and antenna tank coils, L3 and 
L4, are of the B & W JEL and JVL series 
respectively. 
Some of these require pruning, as indicated 

in Table 6-I to provide the correct LIC 
ratio. The antenna coil, L4, requires an extra 
pair of contacts for the tap leads. Since a 
center-tap is not required, it may be cut free 
from the base pin so that this pin may be used 

TABLE 6-1 
Coils for 60-Watt Rig 

Xtalf. Output f. Li L2 La L 

3.5 Mc, 
3.5 Me. 
7 Me. 
7 Mc. 

3.5 Mc. 
7 Me. 
7 Me. 
14 Mc. 

lA 
IA 
1B 
1B 

2A 
2B 
2B 
2C 

3A 
3B 
3B 
3C 

4A 
4B 
48 
4C 

for one of the tap contacts. The other tap con-
tact is provided by drilling out the tubular 
rivet at one of the ends of the coil-supporting 
base strip and substituting a banana plug as 
shown in Fig. 6-46. A jack for this plug then is 
mounted in the chassis close to the coil socket 
by drilling out a pair of polystyrene button-
type feed-through insulators to fit the jack and 
setting them in the chassis. 
The two cathode coils for L1 are wound on 

Millen 4-prong 1-inch forms. The one to be 
used with 3.5-Mc, crystals requires a 100-nnfd. 
mica condenser, Cm, connected across it in addi-
tion to C1. This condenser is mounted inside 
the form so that it is connected in the circuit 
along with the coil when the latter is plugged 
in. 
The oscillator plate coils are wound on Mil-

len octal-base shielded plug-in forms. If the 
forms are of the type with iron-core slugs, these 
should be removed. The 3.5-Me. coil requires 
an extra padding condenser. C14, of 22 mad. 
This may be a mica condenser soldered across 
the winding as shown in the photograph of 
Fig. 6-46. 

Adjustment 

Since the tuning of the cathode tank cir-
cuit is fixed, only three circuits, including 
the antenna circuit, need adjustment. The 
coil table shows which coils should be plugged 
in to obtain output depending upon the crys-
tal frequency and the output frequency de-
sired. For initial testing it is well to use a 
combination giving output in the 3.5- or 7-
Mc. band. Before turning on t he power supply, 
a key connected to a plug should be inserted 
in the key jack and the key switch, SI should 
be thrown to the amplifier-keying side. This 
will permit the oscillator to operate alone. 
When the power plug is inserted, the heaters of 
the tubes should warm up. The VIt tubes 
should glow as soon as t lie power switch, 54, is 

Fig.6-46— The antenna coil for the 60-watt transmitter 
requires the addition of an extra contact which is pro-
vided by the banana plug. To the right is the 3.5-Mc. 
oscillator plate coil with the mica padding condenser 
connected across the winding. 
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Fig. 6-17 — Bottom 
view of the 60-watt 
transmitter, showing 
the mounting of the 
807 socket at the upper 
center and the location 
of by-pads condensers, 
resistors and r.f. chokes. 
The separate filament 
transformer is fastened 
to the left-hand edge 
of the chassis. The an-
tenna comb nst r 
is in the upper right-
hand corner, supported 
on an aluminum angle 
brad,' which is in-
sula tcd from the chassis 
In pol> styrene buttons. 
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closed. If they do not, the resistance of Nio 
should be reduced until t hey do. 

With the high voltage applied and the meter 
switched to the first position for oscillator plate 
current, the meter should read between 35 and 
50 ma. As C2 is adjusted, a point will be found 
where the plate current (lips to a minimum (be-
tween 10 ma. and 30 ma, depending upon the 
frequency), rising on either side. If L2 has been 
made close to specifications, this resonance 
point should be found with about 60 per cent 
of maximum capacitance in use at C2 for 3500 
kc., 70 per cent for 7000 ke. and 30 per cent for 
14,000 ke. If the plate circuit is t tined to a har-
monic of the crystal frequency, t he increase in 
current either side of the minimum. should be 
smooth. However, if the plate circuit is tuned 
to the crystal frequency, the plate current may 
jump suddenly to a high value when it is tuned 
to the high-capacitance side of the minimum 
plate-current point. This indicates that the cir-
cuit has stopped oscillating. C2 should be set 
sufficiently to the low-capacitance side of the 
minimum to insure reliable starting of the os-
cillator when the power is switched on or when 
the amplifier is keyed. 
When VFO input is used, the cathode tank 

circuit should be shorted out. Otherwise the 
adjustment is the same except that the oscil-
lator plate circuit may be tuned for maximum 
amplifier grid current at the fundamental as 
well as at the harmonic. 
The amplifier should be tuned up first with 

the antenna coil out of its socket. With the me-
ter switched to the second position where it 
reads amplifier grid current, a reading of 3 to 9 
ma. should be obtained when the key is closed. 
If no grid-current reading is obtained, it is 
probable that the oscillator stopped when the 
key was closed. In this case, the tuning of the 

,,,•illator should be readjusted. In this in-
st:1 nee, at least, it has been found that best 
keying is obtained when the oscillator plate 
circuit is detuned to the low-capacity side of 
resonance to a point where the oscillator plate 
current remains constant with the key open 
and closed. This refers only to amplifier keying 
when the oscillator plate circuit is tuned to the 
crystal fundamental, of course. Readings of 5 
to 10 ma, or more should be obtained in all 
cases. The key should not be held closed for 
periods longer than necessary to obtain the 
reading, until the amplifier plate circuit is 
tuned to resonance. 

Wit h the meter switch thrown to the last 
position, where it reads amplifier plate current, 
a reading of 100 ma. or more should be ob-
tained. As C3 is turned through its range the 
pla t c current should dip to a minimum of be-
tween 10 and 15 ma. With the L3 coils altered 
as indicated in the coil table, resonance should 
occur at approximately 90 per cent for 3500 
ice., 30 per cent for 7 Mc. and 15 per cent for 
14 Mc. 
The antenna should now be connected to the 

antenna terminals and the antenna coil plugged 
in. The adjustable link of the antenna coupler 
should be smiting about halfway out and the 
taps should be placed on the outside turns of 
L4. With the key closed, C4 should be swung 
through its range. At some point the amplifier 
plate current should increase to a maximum, 
decreasing on either side. Leaving C4 at the 
point where maximum plate current is ob-
tained, C3 should be readjusted for a minimum 
point which, of course, will be higher than the 
unloaded minimum obtained before. The ad-
justments of C3 and C4 should be juggled 
around until a point is reached where any 
change in C3 will cause an increase in plate 
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current, while any adjustment of 04 will cause 
a decrease in plate current. If the plate current 
at this point is less than the maximum rated 
plate current for the tube, the link coupling 
should be closed up. If it is greater than 100 
ma., the coupling should be reduced. If it is 
found that the link adjuestment is insufficient 
to bring the plate current to the desired value, 
the taps should be moved in a turn at a time, 
keeping them always equidistant from the 
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ends of the coil. The tap adjustments as well 
as any change in the position of the link may 
affect the tuning of the amplifier plate circuit, 
so it should be retuned to obtain minimum 
plate current as a final adjustment. This min-
imum should, of course, be the rated plate 
current of 100 ma. when the amplifier is fully 
loaded. The dip in plate current at resonance 
naturally will be very slight when the amplifier 
is operating under full load. 

A 150-Watt Transmitter with Plug-In Stages 

Figs. 6-48 through 6-55 show a complete 
150-watt transmitter with its associated power 
supply, antenna coupler and control system. 
In this unit, coverage of all amateur bands 
from 3.5 to 28 Mc. is accomplished by means of 
plug-in exciter stages instead of utilizing either 
bandswitching or plug-in coils. The arrange-
ment permits multiplying frequency from 3.5-
and 7-Mc. crystals to the 28-Mc. band, yet 
provides a ready means of disposing of the un-
needed doubler stages when working at low 
frequencies. This type of construction permits 
the constructor to build, and operate, a stage 
at a time, as his finances and time permit. Even 
the oscillator unit may be used as a low-power 
transmitter while the doubler and amplifier 
stages are being built. 
The complete tube line-up (for 28-Mc, op-

eration) consists of a 6AG7 crystal oscillator-
doubler, doubler stages for the 14- and 28-Mc. 
bands using fiV6s, and two 807s in parallel as 
the final amplifier. The oscillator and the two 
doubler stages are built as separate units, each 
in a 4 X 4 X 2-inch utility box. These boxes 

plug Imo i on the main r.f. chassis. The 
position into hich a given box is plugged de-
pends upon the output frequency desired, as 
shown in Fig. 6-50. For 3.5- and 7-Mc. opera-
tion, the oscillator box is plugged into the posi-
tion that drives the 807s directly, and the 
doubler units are not used. For 14-Mc, opera-
tion, the oscillator box is moved back one posi-
tion, and the 14-Mc. doubler stage is plugged 
into the socket nearest the 807s. For 28-Mc. 
operation the oscillator and both the 14- and 
28-Me, doublers are used. 
Each plug-in stage has a 60-ma, pilot lamp 

mounted on it as a resonance indicator, and 
each has terminals brought out from a link to 
permit coupling to an antenna tuner if low-
power operation is desired before the final 
amplifier is built. Provisions are made for key-
ing the cathode circuit of any stage of the 
transmitter. 
The general construction of the transmitter 

is shown in Figs. 6-48 and 6-53. Two main 
chassis are used, one held above the other by 
angle brackets. The power supply and control 

• 

Fig. 6-48 — A compact l 50-watt transmit-
ter using plug-in stages. This unit, using 807s 
in parallel for the final amplifier, is for table-
top use. Three separate plug-in units, shown 
in the center of the upper chassis, are used 
for the low-power exciter stages. In this view, 
the units are in the positions required for 
28-Me output. A built-in antenna tuner is at 
the upper left, and the tank circuits for the 
807s at the right. The meter switch is at the 
left in the upper chassis and the voltmeter 
pin jacks below the meter. The toggle 
switches, from left to right, are S2, Ss and Si 
in Fig. 6-51. The knob at the right is the 
'phone-c.w. switch, S4, and the jack is for the 
key. 
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Fig. 6-49 — Plug-in-
stage transmitter circuit. 

Lg — Similar to L3. 
L7, Ls — 18 turns No. 20 d.s.e close-wound on a 1-watt 

resistor of any high value. 
L9 B & W BEL series. 3.5 Mc.— 40 BEI.; 7 Mc. — 20 

BEL; 14 Mc. — 10 BEL; 28 Mc. — 10 BEL % ith 
3 turns removed. 

Lto — B & W BVL series, no alterations. 
II, Is — 60-ma, pilot lamp. 
ji — 6-contact male connector (Amphenol 86-CP6). 
is, J3, .14 — Ceramic octal sockets ( Millen). 
Js to Js — Closed-circuit 'phone jack. 
Pi. P2 — Low-loss octal plug (Amphenol 86-CP8T). 
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circuits occupy the lower chassis, while all of 
the r.f. circuits, including the built-in antenna 
tuner, are in the upper chassis. The entire r.f. 
unit is removable, permitting the power supply 
and control circuits to be used with other trans-
mitters of the same chassis size and similar 
power requirements if desired. All connections 
between the two chassis are made by a 6-wire 
cable, a high-voltage lead and a keying lead 
as shown in Fig. 6-51. 

R.F. Circuits 

In the oscillator, the screen grid of the 
6AG7 is used as the anode of a triode Pierce 
circuit, with electron coupling to an output 
plate circuit that can be tuned to either the 
3.5- or 7- Mc. bands. A tapped coil, L1 in Fig. 
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Fig.6 Operaeng char for the plug-in-stage trans-
mitter. This chart i lustrate the band-changing system 
used with the variot s plug-it units used to drive the final 
amplifier. 'I'he colu nns hea led J2, J3 and J4 represent 
the position in Fig. 6-49 a g'ven unit should be plugged 
in to produce outpu in a given band. This position is the 
same for either 3.5- or 7- Mc. crystals. For output at 
7-Mc. and higher, lu. bandswitch in the oscillator unit 
must be set to the 7-111c. position. 

6-49, and a ceramic bandswitch, S2, permit this 
range to be covered. This type of oscillator 
lends itself nicely to the needs of this trans-
mitter, since output at 7 Mc. may be ob-
tained with either 3.5- or 7-Mc. crystals with 
no circuit changes other than switching the 
plate coil. The output of the oscillator, whether 
operating at the crystal fundamental or dou-
bling frequency from 3.5 to 7 Mc., is sufficient 
to drive the 807s with some to spare. 
The interstage coupling capacitances are 

adjusted to give optimum drive regardless of 
whether the oscillator is feeding the 807 grids 
or the grid of one of the doubler stages. This is 
accomplished by a series coupling condenser 
C5 inside the doubler boxes in addition to the 
100-aafd. interstage coupling condensers, C10, 
C11 and C12. Operating bias for the doublers 
is obtained from the grid leak, R4, in addition 
to a fixed bias of 90 volts which is applied to 
all stages to assure plate-current cut-off, in the 

doublers, and protection for the 807s if oscil-
lator keying is to be used. 

Plug-in coils are used in the plate circuit of 
the final amplifier. This stage operates as a 
straight amplifier on all bands. Series feed is 
used for maximum efficiency. The full plate 
potential is thus exposed at the tuning con-
denser and the plate coil, necessitating extreme 
caution in turning off plate voltage whenever 
the coils are being changed. Resistors Rg and 
R7 and chokes L7 and Lg prevent high-
frequency parasitic oscillations. A screen volt-
age—dropping resistor, R8, is used to permit 
plate-and-screen modulation of the final-am-
plifier stage. 

Coupling to the antenna is accomplished by 
means of a balanced tank circuit, C13-L10, link. 
coupled to the final amplifier. The feedline to 
the antenna is connected to the antenna coil 
by adjustable taps to permit almost any line 
impedance to be matched. 

Power Supply 

In the power-supply circuits, shown in Fig. 
6-51, 350 volts at 200 ma. and the regulated 
fixed bias voltage are obtained from one trans-
former, while either 750 or 600 volts is ob-
tained from another which has a tapped sec-
ondary. A ceramic switch, 84, selects the proper 
taps. In c.w. operation the 807s can be used 
with 750 volts on their plates, but for 'phone 
operation, the switch selects taps that reduce 
this voltage to 600. T3 supplies the 816 fila-
ments while the other, Tg, provides filament 
voltage for the 5U4G, the 6X5 and the r.f. 
tubes. 
The control circuits use three toggle switches, 

SI, S2 and 83, in a series arrangement so that 
filament voltage must be turned on first, fol-
lowed in sequence by the 350- and 750-volt 
power supplies. Thus, once all tuning-up oper-
ations have been concluded, 82 is used as the 
transmit/stand-by switch. An a.c. outlet, J1, 
is wired across the primary of the high-voltage 
transformer so that primary voltage may 
also be applied to external equipment, such 
as a modulator supply or an antenna change-
over relay, whenever 82 and 83 are closed. 
A key jack, .12, is provided on the power 

chassis as an operating convenience, eliminat-
ing the need for long keying leads running 
behind the r.f. chassis to the various key jacks. 
It simply provides an extension from the jack: 
in the r.f. section. 
The meter, MA1, is mounted on the power-

supply chassis so that it, too, may be used with 
another transmitter. Pin jacks are provided 
for the connection of an external voltmeter so 
that bot h current and voltage measurements 
may be made simultaneously. The switch shifts 
the voltmeter from stage to stage along with 
the milliammeter. 

R.F.-Chassis Construction 

In Fig. 6-48 the layout of the entire assembly 
is shown. On the 17. X 7 X 3-inch r.f. chassis, 
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Ci — 3-sect.  8-mfil. 450.. oit elect rolyt ic 
R M-265). 

C2, C3 — 4-µrd. 1000.Vfilt 
Bi — 10,000 ohms, 5 watts, adjustable. 
R2 — 20,000 ohms, 25 watts. 
113 — 50,000 ohms, 50 watts. 
L1 — 5-20-hy. 200-ma. swinging choke, 130 ohms 

(Thordarson T-19C35). 
L2 — 12-hy. 200-ma, smoothing choke, 130 ohms 

(Thordarson T-19( :42). 
La — 8-by. 40-ma. filter choke, 530 ohms (Thordarson 

T-13C26). 
L4 — 5-25-hy. 225-ma. swinging choke, 120 ohms 

(UTC S-32). 
Ls — 15-hy. 225-ma, smoothing choke, 120 ohms (UTC 

S-31). 
li — 6.3-volt pilot-lamp assembl). 
ji — Female a.c. receptacle (Amphettol 61F1). 
— Closed-circuit jack. 

ja — 6-prong socket (Amphenol 781tS6). 

the antenna coupler is at the left, then the os-
cillator box, followed in sequence by the two 
doubler boxes and the final amplifier. The bot-
tom view of the r.f. chassis, Fig. 6-52, shows 
the location of the ceramic octal sockets for the 
plug-in stages, the interstage coupling con-
densers, C10, Cit and C12, and the components 
grouped around the sockets of the 807s. A 
meter switch, SI. appears at the upper left, and 
the 6-prong chassis plug, J1, used to terminate 
the 6-wire cable that connects the low-voltage 
supply and the meter circuit to the r.f. chassis 
is at the lower left. The keying jacks, J5, J6, 
J7 and .15, are on the rear side of the r.f. 
chassis, and the high-voltage terminal is at the 
lower right. 

In placing the ceramic sockets for the plug-
in units, care should be taken to line up the 
terminals in such manner that the plug-ill boxes 

j2 1 KEY C 1  

BIAS 

TO JI on. 
F Choss ,5 

To J3 

Fig. 6-51 — Schematic diagram of the 
tiower supply and control circuits of 
the compact 150-watt plug-in-stage 
transmitter. 

11 11 — 0-100-ma. d.c. tnilliamineter, 3-inch. 
Pi — Male a.c. line plug. 
P2 — 'Phone plug. 
P3 — Male cable connector, 6-eientact (Atnphenol 86-

PM6). 
P4 — Female cable connector, 6-contact (Amplienol 

78-PF6). 
St, s2, 53 — S.p.s.t. toggle switch. 
S4 — 2-section 2-position ceramic rotary switch 

(Mallory 162C). 
Ti — Replacement-type power transformer. 389-0-389 

v. a.c., 200 ma. (Thordarson T-92R21). 
T2 — Power transformer, 900/750-0-750/900 v. a.c., 

200 ma. (UTC S-45). 
Ts — Filament transformer, 5 volts, 5 amp. (Thordar-

son T-19F83). 
T4 - Dual filament transformer, 5 volts, 6 amp., 6.3 

volts, 5 amp. (UTC S-67). 
VR — VR-90 voltage-regulator tube. 

will be square to the chassis edges when they 
are in place. A little care and forethought are all 
that are necessary, bearing in mind that the 
octal plugs on the bottom of the plug-in boxes 
must also be aligned with these sockets. 

In wiring the r.f. chassis the metering re-
sistors, Rs, Ruh R11, R12, R13 and R14, are 
mounted on SI. R14, used to multiply the scale 
reading of the meter by four when the switch 
is set to read amplifier plate current, is wound 
with No. 30 d.s.c. wire on a -watt resistor of 
any high value that happens to be handy. Care 
should be taken to keep lead inductance low in 
the screen and cathode circuits of the 807 
stage. Heavy, short leads are used to tie the 
paralleled circuit elements together, and both 
cathode and screen by-pass condensers, C14 
and CM, are returned to a common ground 
point. 
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A %-inch ceramic feed-through bushing 
brings the high voltage up through the chassis 
from the plate by-pass condenser and the 
safety terminal. The plate leads of the 807s are 
made of flexible shield braid, and run from the 
tubes to the coil jack-bar. External shielding of 
the 807s is not required, the shielding afforded 
by the box-type construction used for the 
driver stages being sufficient. 
The tuning condenser for the 807 plates is 

raised above the chassis on National GS-10 
stand-off insulators to bring the coil mounting. 
which is bolted to the top of the condenser 
frame, up to the level of the 807 plate caps. 
The condenser rotor shaft is fitted with an in-
sulated coupling to insulate it from the steel 
panel and the control dial. The antenna con-
denser, C19, is similarly insulated from both 
chassis and panel. 

Connection from the link winding 
on the amplifier tank coil to the 
swinging link of antenna coil, L10, is 
made through a length of 300-ohm 
Twin-Lead, held in place by special 
stand-off insulators made for this 
type of line by Amphenol. A bracket-
mounted antenna terminal (National 
FWH) is mounted on the chassis just 
below the swinging link. Flexible leads 
made of No. 14 stranded copper wire 
cased in spaghetti tubing connect this 
terminal to spring-type clips used to 
tap the antenna feeders across the re-
quired number of turns of the antenna-
coupler coil. 

Fig. 6-53 — Rear view of the plug-in-stage 
transmitter. In this view the units are set up 
for 14-Mc. output. Connections between the 
two chassis are shown, with the high-voltage 
lead at the left, the keving lead in the center. 
and the 6-wire power cable on the right. 

• 

Fig. 6-52 — Bot tom view of the r.f. chassis of 
the plug-in-stage transmitter. The octal 
sockets for the plug-in units are ranged along 
the center of the chassis. The components of 
the 807 stage are at the right. The meter switch 
is at the upper left, and the power connections 
and key jacks are on the rear chassis edge. 

Oscillator and Doubler Units 

The arrangement of the parts in the 4 X 
4 X 2-inch oscillator and doubler boxes is 
shown.in Figs. 6-54 and 6-55 respectively. Only 
one of the doubler boxes is shown in the 
photograph as well as in the schematic dia-
gram because the two are identical in appear-
ance and parts placement. A 5-prong ceramic 
socket is mounted on the front of the oscillator 
box just above the tuning dial to hold a Deka-
xtal multiple-crystal unit. This device provides 
the additional feature of crystal switching. 
A standard crystal socket may be substituted 
if desired, of course. The bandswitch, 82, is 
mounted on the rear of the box, just below 
the tube socket. The coil form is mounted 
on the rear bearing bracket of the condenser. 
The coil itself has three windings, the tapped 
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Fig. 6-54 — Interior view of the plug-in oscillator unit 
used with the compact 150-watt transmitter (side plates 
removed). The crystal socket is at the upper left, above 
the plate tuning dial. The plate coil is mounted on the 
rear bearing bracket of the tuning condenser. The r.f. 
chokes extend out from the front and rear walls, and 
the plate-blocking and cathode by-pass condensers are 
mounted at the tube socket. The bandsm itch is mounted 
on the rear wall of the box, below the tube. 

tank coil, LI, and two adjustable link windings, 
L2 and L3, for coupling to the pilot-lamp 
resonance indicator and to an antenna tuner. 
The insulated tip jacks used for the antenna-
link terminals are at the rear below the 
switch knob. 

Twin-Lead (75-ohm) is used as the link line 
to the indicator lamp socket and to the tip 
jacks. The indicator lamp is mounted in a 
Drake Type 317H socket and is insulated from 
the box by a grommet which also serves to 
hold the assembly in place. 
The Millen Type 34102 r.f. chokes are 

mounted from opposite sides of the oscillator 
box through the holes drilled for mounting 
the tube socket and the crystal socket. Some 
care is required in placing these parts to assure 
clearance between the r.f. chokes and the os-
cillator coil form. 

Construction of the doublers is similar to 
that of the oscillator, but is simplified by the 
fact that fewer components are required. 
The series coupling condenser, 05, and the 
bias resistor, R4, are mounted vertically right 
at the octal plug. The r.f, choke is mounted 
vertically through one of the holes used to 
mount the plug. 
As indicated below Fig. 6-49, there are 

minor differences, in addition to the coil speci-
fications, in the circuit values used in the 14-
and 28-Mc. doublers. 
More than ordinary care should be taken 

to make clean, firm, soldered connections to 
the octal plugs used to connect the oscillator 
and the doublers to the r.f. chassis. These 
joints are subject to considerable wear and 
tear, and should be as solid as possible. The 
pins of the plugs should be scrubbed clean 
with alcohol after the soldered joint is made 
to remove all traces of flux or rosin. No. 14 
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bare tinned wire is used for r.f. leads wherever 
possible. 

Building the Power Supply 

The arrangement of the parts on the 17 X 
13 X 3-inch power-supply chassis can be seen 
in Fig. 6-53. The two power transformers are 
laced along the front edge of the chassis, each 

set in about an inch from the side to provide 
room for the angle brackets used to support 
the r.f. chassis. The filter chokes are imme-
diately behind their respective transformers. 
The dual filament transformer used for the 
5U4G low-voltage rectifier, the 6X5 bias rec-
tifier, and the tubes in the r.f. chassis are 
mounted near the center of the chassis, behind 
the filter condensers, and between the two 
816s and the 5U4G. Space for the high-
voltage safety terminal, the a.c. power outlet, 
the keying lead, and the 6-terminal low-
volt age output socket is left at the rear of the 
chassis, keeping the back of the chassis clear 
so that it may be placed against a wall if the 
unit is used on the operating desk. The 5-volt 
transformer for the 816 filaments and the 
small filter choke used in the bias circuit are 
mounted beneath the chassis. If a 2.5-volt 
5-amp. filament transformer is available, it 
may be substituted if the 816 filaments are 
connected in parallel instead of in series as 
shown in the circuit diagram. The voltage 
regulator is placed just in front of the 3-section 
filter condenser. The 6X5 bias rectifier is be-
hind the 5U4G. 

Supports made from 5 X X 3%-inch 
blocks of hard wood bolted to the inside of the 
upright angle brackets carry the weight of the 
r.f. chassis. Small aluminum angle strips are 
also bolted to the brackets above the r.f. 
chassis so that they, with the blocks men-
tioned above, form a channel into which the 
r.f. chassis slides like a drawer. This permits 

Fig. 6-55 — Interior view of one of the plug-in doubler 
units used with the compact 150-watt transmitter. The 
screen and the cathode by-pass condensers run from the 
tube sockets to ground points. A two-terminal tie-point 
supports one end of the screen dropping resistor and the 
plate-blocking condenser. The grid condenser and the 
bias resistor are mounted vertically from the octal plug. 
The indicator lamp protrudes from the top. 
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the r.f. chassis to be removed without unbolt-
ing the side brackets, and prevents it from 
being lifted off the supporting blocks when the 
plug-in boxes are pulled out of their sockets. 

Adjustment Procedure 

Reference should be made to Fig. 6-50 in 
setting up the exciter stages to obtain out put in 
the desired band. 
The oscillator plate-and-screen current should 

run between 20 and 30 ma., depending upon 
whether or not the oscillator is doubling fre-
quency. The dip in current at resonance will be 
slight when the oscillator is coupled to one of 
the following stages. The resonance-indicator 
lamp or the grid current to the final-amplifier 
stage will be more reliable indicators of maxi-

CHAPTER 6 

mum oscillator power output. 
The 14-Mc, doubler combined screen-and-

plate current also should run between 20 and 
30 ma. when loaded, while the reading for t he 
28-Mc, doubler should run 40 to 50 ma. 
With the final amplifier loaded to the rated 

plate current of 200 ma., the grid current 
should be adjusted to 8 ma., detuning the 
oscillator plate-tank circuit if necessary to re-
duce the grid current to this value. More than 
adequate drive to the final amplifier increases 
screen dissipetion and actually decreases power 
output. The doubler circuits should not be 
del uned because of the danger of exceeding the 
dissipation rating of the doubler tubes. 
The adjustment of antenna tuning and 

coupling is discussed in Chapter Ten. 

A Three-Stage 250-Watt Transmitter 

The three-stage transmitter illustrated in 
Figs. 6-56 through 6-60 uses a single Hytron 
5514 in the output stage. A 6AG7 in a modified 
Pierce circuit is the crystal oscillator, which 
can deliver output at the second harmonic as 
well as the fundamental frequency of the crystal. 
It drives a pair of 6L6s arranged to operate as 
either a push-push doubler or a neutralized 
single-tube amplifier. Capacitance coupling 
and plug-in coils are used throughout to sim-
plify the circuit and reduce the cost. 

Circuit Details 

Referring to the circuit diagram of Fig. 6-57, 
a combination of fixed and grid-leak bias is 
used in all stages to provide tube protection 
in case of failure of the crystal to function. The 
full 400 volts of the low-voltage plate supply is 
used for the plate of the oscillator, but the 
voltage-dropping resistor, R3, reduces this volt-
age considerably for the screen of the 6AG7. 
A split-stator condenser, C4, is used to provide 
a balanced input circuit for the push-push 
stage. C18 is used to compensate for the output 
capacitance of the 6AG7 which is connected 
across the other half of the circuit. 

Since a push-push stage cannot be used for 

straight-through amplification, one of the 6Lfis 
is made inoperative when the stage is not 
doubling by turning off its filament by means 
of Si. An incidental convenience of this ar-
rangement is that the plate-grid capacitance of 
the inoperative tube serves as the neutralizi ng 
capacitance for the remaining active tube. A 
split-stator tank condenser, C3, is used in the 
plate circuit of the doubler stage to help in 
minimizing stray circuit capacitances. 

Because both tubes are not always in opera-
tion simultaneously, separate screen voltage-
dropping resistors, R9 and 116, are used. 

Series plate feed is used in t he final amplifier 
and the circuit is so arranged that the d.c. 
plate voltage appears between both sides of the 
tank condenser, C14, and ground, but not be-
tween stators and rotors, thus reducing the re-
quired condenser-plate spacing. The tank con-
denser specified has an insulated frame and 
shaft. Condensers of other types will require 
good d.c. insulation from both the chassis and 
the control dial. The output circuit is equipped 
with links for coupling to the antenna system. 
A closed-circuit jack is provided in the 

cathode circuit in each stage so that any stage 
may be keyed as desired. These jacks also may 

Fig. 6-56 — Front panel view of the 250.wat t 
transmitter. The crystal plugs into a ceramic 
socket at the lower left. Next in line is the os-
cillator tuning dial. The toggle switch changes 
the 6L6 stage from a push-push doubler to a 
neutralized amplifier. The tuning knob for the 
6L6 plate circuit is in the center, followed by 
the three key jacks. The large dial is connected 
to the amplifier tuning condenser by an in-
sulated shaft. 

• 
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A.0 

o 
+400V - BIAS 
( 250 MA ) (AMP) 

+H.V. 
(1250- 500) 

Fig. 6-57 — Schematic diagram of the 3-stage 250-watt transmitter. 

CI, C7, Cs, C12, C13, CI7 — 0.01-gfd. paper. 
Ca, Ca — 0.0017-ad. mica. 
C4 — 140-pail-per-section dual variable ( II arlund 

HFD-140). 
47-gmfd. mica. 

Cg — 100-ggfil-per-section dual variable (Cardwell 
EC-100-A1)). 

1:10 — 0.001-9M. mica. 
Cii — 47-ggfd. 1000-volt mica. 
C14-100-ggfd.-per-section transmitting variable ( 11am-

marlund 
Cla —; Neutralizing condenser ( National S'I'N). 
CIO — 0.001-gfd. 5000-volt mica. 
Cis — 7.5-gpfd. ceramic (two 15-ggfd. Erie Ceramicons 

in series). 
Ri — 47,000 ohms, !A watt. 
Ha — 330 ohms, watt. 
11:1— 68.000 ohms, 1 watt. 
114 — 4700 Minis, 1 watt. 

— 25.0(M) ohms, 5 watts. 
117 — Bias resistor (see text). 
la — 3.5 and 7 Mc. - 44 turns No. 22 d.s.e., dose. 

wound, 1-inch diam., center-tapped. 

be used for checking cathode currents by means 
of a meter on a plug. 
A 6.3-volt transformer for the tubes in the 

exciter stages and a 7.5-volt transformer for the 
5514 are included on the chassis. 

Construction 

The transmitter is built on an 8 X 17 X 3-
inch chassis with a standard 10 34-inch rack 
panel. In Fig. 6-58, the exciter stages occupy 
the right-hand side of the chassis while the 
output-stage components are grouped to the 
left. In line, from front to back along the right-
hand edge are the 6AG7, a removable shield 
can which covers LI, and the 7.5-volt filament 
transformer, Tg. Immediately to the left are 
the 6L6s and their plate tank coil, Lg. 
The neutralizing condenser for the 5514, 

C15, is mounted on small stand-off insulators in 
front of the tube. The lead between C15 and the 

— 7 and 14 Mc. — 20 turns No. 22 d.s.c., 1 inch 
diam., 13/8 inches long, center-tapped. 

Above coils wound on Millen Type 45000 forms. 
L2 — 3.5 Me. — B & W 80 JCL with 12 turns removed. 
— 7 Mc. — B & W 20 JCL. 
— 14 Mc. — B & W 10 JCL. 
— 28 Mc. — Bud OCL-5. 

(The above coils are supplied with center links. 
These link windings are unused, but need not 
be removed.) 

La — BR.% TI. series. 
— 3.5 Mc. — 80 TL; one turn added each side. 
— 7 Mc. — 40 TI.. 
— 14 Mc. — 20 TI.. 
—28 Mc. — 10 TL. 

J1, ja, Ja — Closed-circuit jack. 
J4 — 115-v. a.c. male plug. 
HFC1 — 2.5-mh. 100-ma. r.f. choke. 
HFC2 — Transmitting r.f. choke (Millen 34140). 
Si — S.p.s.t. toggle switch. 
T, — Filament transformer, 6.3 volts, 3 amp. 
'F2— Filament transformer, 7.5 volts, 4 amp. (UTC 

S-59), 

grid terminal of the tube passes through a 
clearance hole in the chassis. The plate tank 
condenser, C14, is elevated on -inch cone in-
sulators to bring its terminals closer to those 
of the tank coil at the left. The by-pass con-
denser, C16, is fastened bet ween the rear rotor 
terminal and the chassis. kiee2 is to the left 
of the tank coil. 

In the bottom view of Fig. 6-59, the oscil-
lator tank condenser, C4, is mounted between 
the two rows of sockets on metal spacers to 
bring its shaft level with that of the doubler 
tank condenser, Cg, which is mounted on small 
stand-off insulators to the right. The 6.3-volt 
filament transformer, T1, is fastened to the 
rear edge of the chassis and the three jacks are 
set in a row in the opposite front edge. 
The circuit diagram of a suitable power sup-

ply for operating the 5514 at maximum rat lags 
is shown in Fig. 6-60. 
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Tuning Characteristics and Circuit 
Adjustment 

The oscillator should function regardless of 
the tuning of the plate tank circuit. If the plate 
coils, L1, are made closely to the dimensions 
given, it should be possible to tune to both 3.5 
and 7 Mc. with one coil and to 7 and 14 Mc. 
with the other. The plate-current dip indicating 
resonance in the output circuit will not be pro-
nounced, so it must be watched for carefully. 
When the complete transmitter is in operation, 
the grid current to the final amplifier will be 
• the best indicator of maximum oscillator and 
buffer-doubler output. With a 400-volt supply, 
the oscillator screen voltage should be about 
180 and the cathode current approximately 
18 ma., whether or not the oscillator stage is 
doubling frequency. 
The buffer-doubler should show a cathode 

current of about 200 ma. with both tubes op-
erating as doublers or 100 ma. with only the 
single tube in operation as a buffer amplifier. 
In this stage also, the dip in cathode current at 
resonance is slight. Grid current to the 6L6s 
under load should be about 5 ma. per tube. 
If the difference in grid currents to the two 
tubes is more than 1 ma., the value of the 
balancing condenser, C18, should be changed 
until balanced grid current is obtained. 

Fig. 6-59 — Bottom 
view of the 3-stage 250. 
Watt transmitter. 

• 

• 

Fig. 6-58 — Chassis layout of the 3-stage 250. 
watt transmitter. Along the rear edge arc the 
safety terminal for the high-voltage connec-
tion, 115-v. a.c. plug for the filament trans-
formers and a terminal strip for bias and low-
v,dtage connections. 

With fixed bias applied, a final-amplifier 
grid current of 100 ma. or more should be ob-
tained before plate voltage is applied to the 
5514. Before neutralization, tuning the am-
plifier plate tank circuit through resonance 
should cause a wide deflection in grid current. 
Starting at minimum capacitance, the neutral-
izing condenser should be adjusted, bit by bit, 
'until the dip in grid current is brought to a 
barely noticeable minimum or eliminated alto-
gether. Increasing the capacitance of the neu-
tralizing condenser beyond this point should 
result in an increase in the grid-current dip 
again. The correct adjustment is the one that 
produces least change in grid current as the 
amplifier plate tank circuit is tuned through 
resonance. 
With the amplifier neutralized, plate voltage 

may be applied and the amplifier coupled to an 
antenna system and loaded as described in 
Chapter Ten. For maximum c.w. ratings, the 
plate voltage should not exceed 1500 volts and 
the plate current 175 ma., with R7 500 ohms. 
Similar ratings with 100-per-cent plate modu-
lation are 1250 volts and 142 ma., with R7 150 
ohms. Under load, the grid current will be less 
than without load. The excitation should be 
adjusted to obtain the rated value of 60 ma. 
under actual operating conditions with load. 
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Fig. 6-60 — Circuit diagram of power supply 
866 for the three-stage 250-watt transmitter. 

II5V AC FOR FILS. 
115 V. A.C. LINE IN TRANSMITTER 

C1, C2, C3— 13-gfd. 600-volt-wkg. electrolytic. 
C4, C5 — 4-gfd. 2000-volt oil-filled. 
RI — 25,000 ohms, 25 watts. 
R2 — 30,000 ohms, 10 watts, with slider. 
113, 114 — 47 ohms, 1 watt. 
It5 — 25,000 ohms, 150 watts. 
— 5/25-hy. 225-ma. swinging choke. 

L2 — 20-hy. 225-ma. smoothing choke. 
1.3 — 30-hy. 75-ma, filter choke. 
1.4 — 5/25-hy. 175-ma, swinging choke. 
La — 10-hy. 175-ma, smoothing choke. 
Ii — 150-watt 115-volt lamp. 
Si, Sn, S4 — 10-amp. toggle switch. 
Sz — 5-amp. toggle switch. 
Ti, T3 — 5-volt 3-amp, filament transformer. 

Tz — 400-v. d.r. 225-ma, plate transformer. 
T4 — 2.5-volt 10-amp. filament traw.floriner, 10,000-

volt insulation. 
T4 — 1500/1250-v. d.c. 175-ma.-or-more plate trans-

former. 
VR — VR-75 voltage-regulator tube. 

54 turns on all filaments in power supply and trans-
mitter and sets up circuit so that Si will turn on 400-volt 
supply. St also sets up the circuit so that S3 will turn on 
high-voltage supply. When Sz is open, the lamp /1 is 
inserted in series with the primary of T5 to reduce volt-
age during adjustment. In operation of the transmitter, 
SI serves as the stand-by switch. R2 should he adjusted 
so that the V It tithes barely ignite with the transmitter 
not operating. 

A Two-Stage High-Power Transmitter 

The photographs of Figs. 6-61, 6-63 and 
6-64 show a two-stage transmitter capable of 
handling a power input of 900 watts on c.w. or 
675 watts on 'phone. The circuit diagram is 
shown in Fig. 6-62. It is a simple arrangement 
in which a 6L6 Tri-tet crystal oscillator drives 
an Eimac 4-250A in the output stage, either at 
the crystal fundamental or at the second har-
monic so that the transmitter will cover two 
bands with a single crystal of proper frequency 
without doubling in the output stage. Through 
the use of plug-in coils and a selection of crys-
tals, the transmitter may be used in all bands 
between 3.5 and 28 Mc. inclusive. 
Any one of four crystals may be selected by 

means of SI, although more crystal positions 
may be added. 24, R5 and Re are metering 
resistors across which the milliammeter is 
switched to read combined oscillator screen-
and-plate current, amplifier grid current or 

amplifier cathode current. R5 has sufficient 
resistance to have no practical effect upon the 
meter reading, but the other shunts which are 
made from copper wire are adjusted to give a 
meter-scale multiplication of 10, making the 
full-scale reading 500 ma. The diagram shows 
both stages keyed simultaneously. If amplifier 
keying only is desired, R1 should be connected 
to ground instead of to the key terminal. 

Construction 

The transmitter is built on a 10 X 17 X 3-
inch chassis with a 10q-inch standard rack 
panel. The mechanical arrangement shown in 
the photographs should be followed as closely 
as possible, since upon the placement of parts 
may depend the stability of the amplifier. The 
oscillator-circuit components are grouped at 
the left-hand end of the chassis. The Millen 
crystal sockets are lined up with their centers 



188 CHAPTER 6 

1M inches in from the rear edge of the chassis 
in the left-hand corner. The sockets for the 6L6 
and the plug-in cathode coil, LI, are in line with 
their centers, 33x2 inches from the back edge of 

6L6 

5 

Vtla/s 

0 
F 

001 

e 

R7 

4-250 A 

7 3 

• 

Fig. 6-61 — Front view 
of the 4-250A transmitter. 
Along the bottom of the 
panel, from left to right. 
are the controls for the os-
cillator tuning condenser, 
the crystal switch and the 
metering switch. The large 
dial is for the output tank 
condenser. 

• 

the chassis, while the oscillator plate coil is in 
line with the 6L6, 6 inches from the rear edge of 
the chassis and 3 inches from the left-hand 
end. The crystal switch is placed near the 6L6 

RFC, 

C F 

0000 
il5V.A C. KEY I • SC IV. + FIV. 

-LY. 

Fig. 6-62 -- Circuit diagram of the two-stage high-power transmit ter. 

C it 

ABC DEF 

II II 

— 100-tedd. mica. 
C2— 100-ssfd. variable (National ST- 100). 
Ca — 50-stifd.-per-ttection 0.171-inch-plate-spacing vari-

able Millen 14050). 
Cis Cs, Cs, C9 — 0.01-dd. paper. 
Ca — 0.0015-dd. mica. 
C7 — 100-ssfd. mica, 5000 volts. 
Cis — 0.001-sfd. mica, 5000 volts. 
Cil — 0.001-sfd. mica, 10,000 volts. 
Ci2 — Vacuum-type padding capacitor, 25 sad.. 16,000 

volts (GE G1.-122). 
Cx — 100-msfd. mica (for 3.5-Mc, crystals only). 
IIi — 220 ohms, 1 %% att. 
112 — 47,000 ohms, watt. 
113 — 5,000 ohms, 10 watts. 
114, Ra — 58 inches No. 22 copper wire wound on small. 

diam. form. 
Ra — 47 ohms, 34 watt. 
R7 — 5000 ohms, 25 watts. 
Li — 3.5-Mc, crystals: 22 turns No. 22 d.s.c., 

diam., close-wound. Cx connected across full 
winding. 

— 7-Mc. crystals: 12 turns No. 22 d.s.e.,.1A-ittelt 
diam., close-wound. 

— 11-11c. crystals: 6 turns No. 20 d.s.c., 
diam., % inch long. 

1.2 — 3.5 Mc.: 40 turns No. 22 d.s.c., 1-inch distil.. 
close-wound. 

—7 Mc.: 20 turns No. 22 d.s.c., 1-inch diam., close-
wound. 

— 14 Mc.: 9 turns No. 22 d.s.e., 1-inch distil., 54 inch 
long. 

— 28 Mc.: 5 turns No. 20 enam., ,54t-inch diani., 
jé inch long (on Millen Type 45500 threaded 
ceramic form). 

1.2 — B & W TVH-series coils. 
M — Fan motor (Barber-Colman 1 pe ul 1 ale 569 I 

with Type Val) 355-2 23/2-inch fan; Rockford. 

MA — 0-50 milliammeter. 
RFC' — 2.5-mh. r.f. choke. 
It FC2 — Ilammarlund C11-500 r.f. choke. 
Si — 4-position ceramic tap switch. 
S2 — Double-gang 3-position switch. 
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socket and set at an angle with respect to the 
edges of the chassis. It is controlled by a knob 
at the center by means of a long 3-inch shaft, 
which runs diagonally across the chassis, and a 
Millen 39005 all-metal flexible shaft coupling 
of the " universal-joint" type. 
The socket for the 4-2:30A is centered 734 

inches from the left-hand end of the chassis 
and 3 inches frem the rear edge. It is spaced 
1% inches below the chassis on metal pillars 
so that the base of the tube is shielded from 
the plate. A spring contact is fastened to the 
socket so that the metal ring around the base 
of the tube will be grounded when the tube is 
inserted in the socket. The 4-250A requires a 
small amount of forced-air cooling. This is 
supplied by a small fan, 11, Fig. 6-62, directed 
at the base of the tube. A bottom plate should 
be used on the chassis so that the air will be 
forced up around the envelope of tle tul)e. The 

Fig. 6-64 — }lot t  vies* 
shom ing the arrangement 
..f parts under the chassis. 
‘I tainted off the rear edge 
of the chassis are the os-
cillator (left) and ampli-
fier (right) grid chokes. 
'1'he oscillator plate choke 
is above. The condenser 
under the crystal-switch 
control shaft is the cou-
pling condenser, C7. The 
oscillator tuning con-
denser, C2, the 6.3-volt 
filament transformer anti 
the metering su itch are 
along the front edge of the 
chassis. The ventilating 
fan is to the right of the 
tube socket. 
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• 

Fig. 6-63— Hear view of 
the two-stage high-power 
transmitter, showing the 
velum, -1 y pe padding con-
&user in place MI top of 

tatik condenser. 

• 

amplifier plate- tank con:tenser is placed with 
its shaft 5 q inches in from the right-hand 
edge of the chassis, while the coil-base assem-
bly is elevated on 3-inch cone insulators cen-
tered 2 ts inches from the edge. The clips for 
the padding condenser, C12, required for the 
3.5- and 7-Mc. bands, are mounted on top of 
the condenser on 1-inch tubular spacers. A pair 
of long 6-32 mounting screws, passing through 
the spacers, serve to make the connection 
between the stators of C3 and the terminals 
of C12. The Hammarlund CH-500 r.f. choke, 
RFC2, is mounted alongside the tank con-
denser, near the center, with the plate-block-
ing condenser, CH, fastened to the top. 

Plate voltage is fed from a Millen safety 
terminal in the rear edge of the chassis to the 
bottom end of the r.f. choke through a Millen 
32101 steatite bushing. The hole for the safety 
terminal should have a clearance of about hl 
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L, L, 

115V. A.G. 
Outlet 

Fig. 6-65 — Diagram of power supply suitable for use with the two-stage high-power transmitter. 

CI, C2 — 8-gfd. 600-volt-si kg. electrolytic. 
C3 — 2-gfd. 3000-volt oil-filled. 
C4 — 4-pfd. 3000-volt oil-filled. 
Ri — 20,000 ohms, 25 watts. 
112 — 50,000 ohms, 200 watts. 
Rs, 114 — 50,000 ohms, 160 watts. 
14, L2 — 20-hy. 100-nia, filter choke. 
1.3 — 5/25-hy. 300-ma. swinging choke. 
1.4 — 20-by. 300-ma, smoothing choke. 
It — 200-watt 115-volt lamp. 
Si, S2, S4 — 10-amp. toggle switch. 
S3 — 5-amp. toggle switch. 
Ss — Ceramic rotary switch, single section, 2 positions. 
Ti — Power transformer — 400 v. d.c., 100 ma. or more; 

5 v., 3 amp. 

inch around the part which goes through the 
chassis, to decrease the danger of a voltage 
breakdown at this point. The link output ter-
minals are in the right rear corner, insulated 
from the chassis on a National FWG poly-
styrene terminal strip. 

Underneath, at the amplifier end of the 
chassis, are the metering switch, 82, and the 
6.3-volt filament transformer. 
On the panel, the milliatnmeter is placed to 

balance the amplifier tuning dial, the meter-
switch knob to balance that of the oscillator 
tuning condenser, while the crystal switch is 
at the center, near the bottom edge. Along the 
rear edge of the chassis, from right to left, as 
viewed from the rear, are a terminal strip for 
making connections to the oscillator supply 
and to the external screen-voltage dropping 
resistor, the key jack, filament terminals for 
the 4-250A including a center-tap connection, 
a safety terminal for the high-voltage connec-
tion, and a male plug for the 115-volt line to 
the 6.3-volt filament transformer and the fan 
motor. 
The cathode coils, LI, are wound on Millen 

octal-base shielded forms without tuning slugs. 
A change in cathode coils is required only with 
a change in the band in which the crystal lies. 
The coil for use with 3.5-Mc, crystals requires 
an additional 10O-pfd. mica condenser, ex, 
connected across the winding as shown by the 
dotted lines in Fig. 6-62. This condenser is 
placed inside the plug-in shield along with the 
3.5-Mc. coil. The 100-apfd. capacitor, C1, 
which is connected permanently in the circuit, 

T2 — Plate transformer — 2500 to 3000 volts d.c., 300 
ma or more. 

T3 — 2.5-volt 10-amp. filament transformer, 10,000-volt 
insulation. 

T4 — 5-volt 15-amp. filament transformer. 
Si turns on all filaments in power supply except 5Z3; 

also those in the transmitter and sets up circuit for S2. 
S2 turns on low-voltage supply and sets up circuit for 54 
which turns on high-voltage supply. Since the oscillator 
in the transmitter is keyed, it is not necessary to turn 
off the low-voltage supply for stand-by. 55 may be used 
in case it is not desired to turn off the 5Z3 filament while 
changing bands, etc. When S3 is open, Ii is in series with 
the high-voltage transformer primary to reduce voltage 
for adjustments. 

is sufficient for use with 7- and 14-Mc. crystals. 
Since larger coils are desirable for the plate 
circuit of the oscillator, the coils for L2 are 
wound on 1-inch diameter forms enclosed in 
National Type PB-10 plug-in shield cans. The 
shield should be grounded to the chassis 
through one of the available pins in the 
base. 

External connections to the unit are indi-
cated in Fig. 6-62. Keying of the oscillator 
alone is not recommended because of the effects 
of soaring screen voltage, which makes it im-
possible to cut off plate and screen currents in 
this unit without exceeding the normal operat-
ing bias. For this reason, it is highly advisable 
to use an overload relay in the plate-supply cir-
cuit of the amplifier, to protect the tube in case 
the oscillator fails to function. The circuit dia-
gram of a suitable power supply for this trans-
mitter is shown in Fig. 6-65. 

Adjustment 

After the proper coils for the desired band 
have been plugged in and the crystal switch 
turned to select the proper crystal, the key may 
be closed with the low-voltage supply turned 
on, but with the high-voltage supply turned off. 
The combined oscillator plate-and-screen cur-
rent at resonance should be between 35 and 75 
ma., depending upon the crystal frequency and 
whether or not the oscillator is doubling fre-
quency. If the oscillator is operating at the 
crystal fundamental frequency, oscillation will 
cease abruptly when the plate tank circuit is 
tuned to the high-capacitance side of reso-
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nance. For:reliable operation this circuit should 
be tuned slightly to the low-capacitance side. 
When doubling frequency this characteristic 
disappears so that the plate circuit may be 
tuned to exact resonance where maximum out-
put should occur. 
Tuning the oscillator plate circuit to reso-

nance should result in a grid-current reading 
when the meter is switched to the second 
meter-switch position. The reading will vary 
between 30 and 35 ma. to 50 ma. or more, de-
pending upon the frequency and whether the 
oscillator is doubling frequency or working 
"straight through." The potential of the high-
voltage supply should be reduced during pre-
liminary adjustments. If no other means of 
reducing the voltage is available a 200-watt 
115-volt lamp may be connected in series with 
the primary winding of the high-voltage trans-
former. The plate circuit of the amplifier 

should be tuned to resonance first with the 
antenna link swung out to the minimum-
coupling position. The output tank circuit of 
the -amplifier may be coupled through the link 
coil, either directly to a properly-terminated 
low-impedance transmission line, or through an 
antenna tuner to any type of antenna system. 
With the antenna system connected and the 
link swung in for maximum coupling, the plate 
current should increase when the antenna sys-
tem is tuned through resonance. Every adjust-
ment of the coupling or tuning of the antenna 
system should always be followed by a read-
justment of the tuning of the amplifier tank 
circuit for resonance. As the loading is in-
creased the plate current at resonance will 
increase. The loading may be carried up to the 
point where the plate current (cathode cur-
rent, minus grid and screen currents) is 300 
ma. at 3000 volts. 

An Enclosed 1-Kw. Transmitter 

Figs. 6-66, 6-68, 6-69 and 6-71 show different 
views of an enclosed three-stage transmitter 
which will handle an input of 1 kw., with c.w. 
operation on all bands from 3.5 or 7 Mc. to 
28 Mc. using either 3.5- or 7-Mc. crystals. 
Push-pull 813s are used in the final amplifier. 

Circuits 

Fig. 6-67 shows the circuit of the exciter. A 
pair of 807s are used in an arrangement that 
permits either of the two stages to be used as 
a Tri-tet oscillator. The second stage may be 

Fig. 6-66 — A three-stage 
3.5-30-Mc. kilowatt trans-
mitter using push-pull 813s. 
Measuring 18 inches wide, 24 
inches high, and 16 inches 
deep, it fits readily on most 
operating tables. The hinged 
front panel drops down for 
coil changing. Interlock 
switches combined with com-
plete enclosure ensure against 
accidental contact with any 
high-voltage circuits when the 
power is on. 

operated also as a frequency doubler. 
The arrangement shown has a number of 

advantages. The two 807 stages need not be 
operated at the same frequency for output on 
any band, thereby avoiding stabilization diffi-
culties sometimes encountered with tubes of 
this type when operating as straight amplifiers. 
It provides for oscillator keying for break-in 
work at 3.5 and 7 Mc. and amplifier keying for 
14 and 28 Mc. where chirp with oscillator key-
ing might become objectionable. Shielding 
problems are reduced because the first 807 



192 CHAPTER 6 

807 

Otte 
IFXGZRFC 2 
 0 o 

oRFC 

rt 
TO AMP. 
SCREENS 

Fig. 6-67 — Cire liii diagram of the exciter 

CI, C7 — 150-ggfd. mica. 
C2, C3, Cs, CIO — 0.01-mfd. paper, 600 soils. 
C4 — 470-ggfd. mica, 1000 volts. 
Cs — 50-gafd. variable ( National sT-50). 
C6 — 100-gafd. mica, 1000 volts. 
Cs — 0.0047-gfd. mica. 
— 0.33 megohm, 1 watt. 

112, Rs — 50 to 100 ohms, 2-watt carbon. 
R6 — 330 ohms, 1 watt. 
Rs — 25,000 ohms, 10 watts. 
114, R7 — 47,000 ohms, 1 watt. 
Ria — 10,000 ohms, 1 watt. 
Rs, R6 — 22,000 ohms, 1 watt. 
Li — Tri-tet cathode coil; for 3.5- Mc. crystals, 13 turns 

No. 22 d.s.c., close-wound, diameter I inch, 
shunted by extra 75-gafd. mica condenser in-
serted inside form. For 7- Mc. crystals: 3 turns 

never is called upon to operate at the same fre-
quency as either of the two following stages. A 
single set of coils suffices for both stages of the 
exciter. 
When both 807 stages are in use, the crystal 

and cathode coils are plugged into the first 
stage, while a jumper closes the cathode circuit 
of the second stage. When the second 807 is 
used as an oscillator, crystal and cathode coil 
are transferred to the second stage and re-
moval of the coil in the plate circuit of the first 
stage breaks the connection between the two 
stages. 

Parallel plate and grid feed is use,1 in bot h 
exciter stages, while the screens are fed through 
series voltage-dropping resistors. The value of 
the resistor for the screen of the second tube 
may be varied in steps by Si and this provides 
a means of adjusting the excitation to the final 
amplifier. Jacks are provided for shifting a 
milliammeter from one circuit to another to 
obtain readings of plate current in either ex-
citer stage or grid or screen current to the final 
amplifier. RleCt. RFC5, ./i2 and R5 are inserted 
to prevent v.h.f. parasitic oscillation. The key 
is in the cathode of the second 807 stage. 
The circuit of the push-pull 813 final amplifier 

is shown in Fig. 6-70. Series feed is used in both 
grid and plate circuits. Although the 813 is a 
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set-tu tu tif the enclosed 1-kw. transmitter. 

No. 22 d.s.e., close-wound on 1-inelt diameter 
form. (Cathode coils wound on Millen No. 
45004 forms.) 

— Plate coil; for 3.5 Mc., 36 turns No.22 d.s.c., 
close-wound; 7 Mc., 16 turns No. 18 bare, 
length 2 inches; 14 Mc., 8 turns No. 18 bare, 
length 2 inches; 28 Mc., 4 turns No. 18 hare, 
length 1 inch. All coils wound on 17.,-inelt 
diameter forms (Millen No. 44001) and tapped 
at center. 

.11, .12. .13, J4 — Closed-circuit jack. 
MA — 0-200 d.c. milliammeter. 
Pi — Insulated plug. 
RFC', RFC2, RFC', 11FCa — 2.5-mit. r.f. choke. 
RFC2, RFCs — Parasitic chokes; 18 turns No. 20 tl.c.c. 

on ,k¡-inch diameter form (a high-value 1-watt 
resistor is suitable as a form). 

St — 4-position single-pole rotary switch. 

screened tube, experience has shown that neu-
tralization is necessary to prevent self-oscilla-
tion. A single set of coils suffices for L2 in both 
the amplifier section and the exciter section. 
Variable-link output is provided for coupling 
to the antenna system. 

Construction 

The r.f.-circuit components are assembled 
on a panel of u-inch crackle-finished tempered 
Presdwood, 18 inches wide and 19 inches high, 
backed with copper screening. The panel is 
hinged at the bottom so that it may be tipped 
outward, as shown in Fig. 6-66, for changing 
plug-in coils, etc. Suspended front the back of 
t he panel is a vertical partition of 5 ;;-inch ply-
wood, 13% inches wide and 18 inches high. 
This partition also is covered on both sides 
with copper screening from the bottom edge up 
to within 6 inches of the top. The lower edge 
of the partition comes 5A  inch above the lower 
edge of the panel and is placed 11U inches 
from the right-hand edge of the panel as viewed 
from the front. A strip of 5A-inch plywood 1U 
inches wide runs across the top of the panel, as 
shown in Fig. 6-71, and a similar strip inch 
wide runs across the bottom of the panel, flush 
with the lower edge. The bottom strip provides 
a means of fastening the hinge to the panel. 
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Thin strips of wood along the vertical edges of 
the panel serve to hold the copper screening in 
place, while a metal strip is used to bind the 
edges of the partition. 
The portion of the r.f. circuit shown in Fig. 

6-67 is built as a subassembly on a 5 X 10 X 3-
inch chassis, fastened to the panel in the lower 
left-hand corner and braced by the partition, 
as shown in Figs. 6-68 and 6-69. As viewed from 
the rear, the first 807 is placed near the lef t-
hand edge of the chassis with its cathode-coil 
socket behind. The tuning condenser, C5, is 
placed between the 807 and the first-stage tank 
coil, 4 inches from the outside end of the 
chassis. The socket for the cathode coil for the 
second 807 is in the rear corner to the right. 
The socket for the second 807 is set in the right-
hand edge of the chassis and a clearance hole 
for the base of the tube is cut in the partition 
so that the tube protrudes horizontally as 
shown in Fig. 6-69. The two crystal sockets are 
fastened to the front edge of this chassis atol 
protrude through holes cut in the panel. 

In the rear edge of the chassis are the four 
meter jacks and strips bearing the terminals 
indicated in Fig. 6-67. 
The 813s and their input-circuit components 

are made up as another subassembly on a 5' 
X 9' X 1!•,-inch chassis which is fastened 
centrally on the partition with its bottom edge 
3q inches up from the bottom edge of the par-
tition, as shown in Fig. 6-71. The 
two tube sockets are submounted 
as close as possible to the ends of 
the chassis with their centers 2M 
inches in from the outside edge. 
Underneath, as shown in Fig. 6-
69, the coil socket is centered on 
the tube sockets and the tank 
condenser, C13, is to the left. It is 
placed so that its dial will bal-
ance the dial of C5 on the panel. 
The strips which form the neu-
tralizing condensers are mounted 
on feed-through insulators set in 
the chassis about lh inches from 

Fig. 6-68 — The exciter   of the en-
closed l-kw. transmitter is mounted be-
tween the vertical partition and the 
panel, and serves as additional support 
for both. This view shows the first 807 
with its Tri-tet cathode coil in the fore-
ground. The plate tuning condenser is 
partly concealed by the tube, and to its 
right is the plate choke. The small bake-
lite coil form behind the plate coil is the 
jumper for the second-tube cathode 
circuit; when the latter tube is used as 
the oscillator a Tri-tet cathode coil goes 
in this socket. 
The final tank-coil assembly and plate 

elioke are at the top. The banana plugs 
at the right automatically engage a pair 
of jacks on the rear of the case when the 
panel is in position, providing connec-
tion tu the antenna binding posts. 

t. 

the bases of the tubes. 1 veranth. strip set in 
the rear edge of the clia›sis bears the power-
supply terminals indicated in Fig. 6-70. 
The plate tank condenser for the 813s is 

fastened to the partition above the screening, 
the wood serving to insulate the frame and 
rotors from ground as required. The output 
tank-coil jack-bar is mounted on short stand-
off insulators on the opposite side of the par-
tition, with its center 4 inches below the top 
edge of the partition. 
The link control shaft is coupled to a knob 

centered on the panel by means of a pair of 
Millen universal-joint-type shaft couplings. 
Leads from the link terminals are brought to 
the upper rear corner of the partition where 
they connect to a pair of banana plugs which 
slide into jacks connected to feed-through in-
sulators set in the back of the enclosure. These 
serve as the output terminals. 

Below the main panel is a smaller panel 5 Yi 
inches high which is used for the control 
switches and meters. 

Plenty of room is available within the en-
closure to the rear of the panel assembly for 
filament transformers and the additional ter-
minals, indicated in Fig. 6-72, which serve as 
junctions between the external and internal 
power leads. One of the two interlock switches 
is of the push-button type. This is mounted 
on an aluminum bracket fastened to the floor 
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of the enclosure so that the rear end of the 
lower edge of the partition closes the switch 
when the panel is hinged back into place. The 
circuit is broken as soon as the panel is tipped 
forward. The second interlock is fastened to 
the side of the enclosure where it is operated 
by the top lid. 
The frame of the enclosure is made up of 

1 WI-inch strips cut from 5%-inch plywood. It is 
18 inches wide, 243/2 inches high and 16 inches 
deep overall, and has a solid bottom of the 
same plywood material. The copper screening 
is tacked over the outside of the panels formed 
by the framework and the edges of the screen-
ing are covered with thin strips of wood. The 
woodwork is finished off in gray enamel. 

Power Supply 

The diagram of a suitable power supply for 
operating the 813s at maximum rated input is 
shown in Fig. 6-73. At current tube prices, 
however, the 813s are an economical proposi-
tion for operation at considerably less than 
maximum ratings if power-supply considera-
tions make this desirable. 

• 

Fig. 6-69 — View from 
the back of the en-
closed 1-kw. transmit-
ter with the front 
panel dropped down. 
'I'he second 807 pro-
jeets through the par-
tition to bring its plate 
near the tuned circuit 
that feeds the ampli-
fier grids. The 807 
plate choke, visible 
just below the ampli-
fier grid-tuning con-
denser, is supported 
by a feed-through in-
sulator mounted on 
the end of the exciter 
chassis. The four me-
tering jacks are ac-
cessible only when the 
case and interlock 
switches are open, 
providing for safety. 

• 

Adjustment 

Since there is only a maximum of three tuned 
circuits to adjust, tuning the transmitter for 
any desired output frequency is a relatively 
simple job. Undesired harmonic responses, al-
ways to be found in a multiband rig, are quite 
readily identifiable as such, so there is little 
danger of tuning up on the wrong harmonic if 
a little care is used in watching the dial read-
ings. For reasons given previously, the design 
does not provide for operating the first 807 out-

TABLE 6-II 

1st 2nd 
Xtal Output 807 807 

Comb, f f Plate Plate 

A 3.5 3.5 — 3.5 

B 3.5 7 — 7 

C 7 7 — 7 

D 3.5 7 3.5 7 

E 3.5 14 7 14 

F 7 14 7 14 

G 3.5 28 14 28 

II 7 28 14 28 



HIGH-FREQUENCY TRANSMITTERS 195 
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Cta — 470-pmfd. mica, 1000 volts. 
C12, Cie, CI7 0.0047-pfd. mica. 
Cl2 — 100-gofd.-per-section variable (Cardwell ER-

100-AD). 
CI4, Cl2 — Neutralizing condensers; see text. 
Cis — 0.001-ofd. mica, 1000 volts. 
Cio — 0.001-mfd. mica, 5000 volts working. 
Co — 100-oofd.-per-section variable (National TMA-

100DA). 

put at the same frequency as that of the final 
amplifier and this sort of operation should not 
be attempted, even if the constructor is willing 
to make the extra coils, since the simplified 
construction does not provide the necessary 
shielding between the input and output cir-
cuits of the final amplifier. 
The accompanying Table 6-II shows the cor-

rect coils to be used in the 807 tank circuits, 
depending upon the crystal frequency and the 
desired output frequency. Combinations A, B 
and C, for 3.5- and 7-Mc. output, permit 
break-in operation in these two bands, since 
in each of these cases the keyed stage (the 
second 807) is operating as the oscillator. In the 
remainder of the combinations, the keyed stage 
operates as a frequency multiplier, the first 807 
becoming the oscillator, which runs continuously. 

Table 6-III gives the approximate dial set-
tings for resonance in the three tank circuits. 
Variations in wiring or coil dimensions will, of 
course, alter these readings, but they may be 
used as a guide. The last column to the right 
shows the dial setting where undesired crystal-
harmonic responses may be expected in the 
multiplier circuit, the harmonics being identi-
fied. 

It is advisable initially to choose one of the 
first three combinations from Table 641 — 
one that requires the use of only two stages. 
With the proper coils and crystal plugged in 
(be sure to plug the crystal in the right socket!), 
the low-voltage and bias supplies may be 
turned on and the key closed. At some point 
within the range of the 807 tank condenser 
the plate current should dip to a minimum, 
rising on either side. If the tank circuit is tuned 
to the crystal frequency (3.5 Mc. with a 3.5-
Mc. crystal or 7 Mc. with a 7-Mc, crystal) the 
crystal will usually stop oscillating ent irely, as 
indicated by a sudden increase in plate current 
to a high value when the tank circuit is tuned 

TABLE 6-III 

let 2nd Final Undesired 
comb. 807 807 Amp. Harm., 2nd 807 

A — 75 45 None 
B — 15 25 3rd-90 

— 15 25 None 
D 50 15 25 3rd-90 

60 20 75 5th-60/6th-85 
F 60 20 75 3rd-90 

70 80 85 6th-20/7th-53 

70 80 85 3rd-23 

to the high-capacitance side of the dip in plate 
current. The best tuning adjustment under 
these circumstances is a bit to the low-capac-
itance side of the dip. When the oscillator tank 
circuit is tuned to a harmonic of the crystal 
frequency, the circuit normally will continue to 
oscillate regardless of the setting of the tank 
condenser. Tuning is then merely a matter of 
adjusting the tank circuit to resonance as in-
dicated by the plate-current dip or by maxi-
mum final-amplifier grid current. Tuning the 
tank circuit to resonance should result in a 
reading of grid current to the final amplifier. 
The oscillator tank circuit can then be adjusted 
to a point that will give maximum amplifier 
grid current consistent with reliable keying. 
During the adjustment the key should not be 
held closed longer than is absolutely necessary, 
since the amplifier screen current will run to a 
considerably higher-than-normal value without 
plate voltage and load. 

Neutralizing 

The amplifier should be neutralized at this 
point. At the start the aluminum strips (shown 
in Fig. 6-71) should be exactly alike — about 
X inch by 3 inches, with the centers of the 
feed-through insulators on which they are 
mounted IX inches from the tube bases. The 

R.F. 
ORTRut 

Fig. 6-70 — Circuit of the final amplifier in the enclosed 1-kw. transmitter. 
L2 — Same as L2 in Fig. 6-67. 
— Amplifier plate tank coils, Barker & Williamson 

HDVL series with following modifications: 
— 3.5 Mc.: 9 turns shorted out at each outer end. 
— 7 Mc.: 2 turns shorted out at each outer end. 
— 14 Mc.: 1 turn shorted out at each outer end. 
— 28 Mc.: No modification. 

RFC.7 — 2.5-mit. r.f. choke. 
IIFC8 — 2.5-mh. r.f. choke, 500 ma. (Hammarlund 

CH-500). 
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adjustment consists of clipping off the ends of 
the strips about 3.j 6 inch at a time until the am-
plifier is neutralized. Any of the usual indi-
cators of neutralization may be employed, the 
most convenient method being to- alter the 
neutralizing capacitance as described until the 
grid current remains steady as the plate tank 
condenser is swung through resonance. 

After neutralizing, reduced high voltage may 
be applied to the amplifier and its plate tank 
circuit tuned to resonance as indicated by a dip 
in plate current. The antenna should not be 
coupled to the output stage until it has been 
tuned as described, the link being swung as far 
out as possible during preliminary adjustment. 

+2000 

Fig. 6-72 — Schematic of the filament-pow er 
and power-terminal wiring of the enclosed 
1-kw, transmitter. Two interlocks are in-
cluded in the control circuit, to turn off the 
plate power whenever the enclosure is 
opened. 
11 — 6.3-volt pilot-lamp assembly. 
MA — 0-100 milliammeter, shunted to read 

1000 ma. 
Si — 10-amp. toggle sm itch. 
52 — 15-amp. toggle switch. 
S3, Si — Interlock switches. See text. 
Ti — 10-volt 10-ampere filament trans-

former. 
T2 — 6.3-volt 3-ampere filament trans-

former. 

TO AMOL ! FIER CHASSIS 
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Fig. 6-71 — The amplifier side of 
the partition in the enclosed 1-kw. 
transmitter. This view shows the 
plate tank condenser and the plate 
by-pass. The aluminum strips be-
tween the two 813s, mounted on 
stand-off insulators, are the neutraliz-
ing condensers. 

• 

When the point of resonance has been found, 
full voltage may be applied and the antenna 
circuit coupled and tuned in the manner proper 
for the type of antenna system and antenna 
tuning arrangement used. Regardless of the 
system employed, it should be remembered 
that the last adjustment in coupling and ad-
justing the antenna to the transmitter is that 
of tuning the amplifier tank circuit for mini-
mum plate current. This should always be done 
after every adjustment of antenna coupling or 
tuning. Otherwise, the amplifier may be op-
erating very inefficiently off resonance and ex-
ceeding the dissipation rating of the tubes. 
Tuning the first 807 as an oscillator is similar 
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to the method outlined for the second tube. 
The adjustment of the second tube as a 

multiplier is simply the selection of the proper 
coil and tuning to resonance, making certain 
that it is not tuned to an undesired harmonic. 
Table 6-1V shows typical current values 

which may be expected. They were taken at 
400 volts and may vary somewhat because of 
differences in crystal response and length of 
leads in the oscillator circuits which may 
affect feed-back. 
The Tri-tet oscillator may be expected to 

self-oscillate with the crystal removed. With 
the crystal operating normally, however, no 
trouble of this sort should be experienced. 
At the maximum rated input of just under 1 

kw., this transmitter should deliver 600 watts 
or better on all bands. 

VR 
5 

+400 

_L--G4t).113. 

t 2000 

o 

197 
Fig. 6-73 — Circuit diagram 
of a power supply for the 
enclosed 1-kw. transmitter. 

Ca, Ca — 8-mfd. fik-volt-
wkg. electrolytic. 

C4 — 2-µfd. 2500-volt oil. 
Cs — 2500-volt oil. 
RI — 20,000 ohms, 25 watts. 
112 — 50,000 ohms, 25 watts. 
Ra — 50,000 ohms, 200 watts. 1.1 — 5/25-by. 300-ma. choke. 
1.2 — 20-by. 300-ma. choke. 
— 30-hy. 50-ma. choke. 

1.4 — 5/25-hy. 500-ma. choke. 
Le — 20-hy. 500-ma. choke. 
Ii — 150-watt 115-volt lamp. 
Si, S3 — 10-amp. toggle. 
S2 — 5-amp. toggle. 
Ti, T4 — 5-v. 3-a. fil. trans. 
T2 — 400 v. d.c., 250-300 ma. 
1.2 — 2000 v. d.c., 500 ma. or 

more. 
TS — 2.5 volts, 10-amp., 10,,s 

000-volt insulation. 
VR — Voltage-regulator 

tube. 
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*With excitation control at maximum. 

A Simple VFO Crystal Substitute 

Figs. 6-74, 6-75 and 6-77 show different 
views of a VFO unit with sufficient power out-
put to drive the average crystal-oscillator tube. 
As the circuit diagram of Fig. 6-76 shows, it 
consists of a 6SK7 ECO followed by a pair of 
6F6s as isolating amplifiers. The primary fre-
quency range covered by the oscillator is 
3500-4000 kc., but this range may be shifted 
lower to cover 3395-3800 kc. for multiplying 
to cover the frequencies in the 10- and 11-
meter bands by readjustment of the band-
setting condenser, C2. 

Construction 

The oscillator portion is constructed as a 
separate unit in a standard 3 X 4 X 5-inch 
steel box. The tuning condenser, C1, and the 
coil form for L1 are fastened to the rear wall 
of the box. C1 is coupled to the National Type 
AM dial by a short extension shaft and a flexi-
ble coupling. The band-setting air condenser, 

C2, is mounted against the right side of the 
box near the lower rear corner where it can 
be adjusted from the outside with a screw-
driver to set the beginning of the tuning range. 
The tube is mounted externally on top of the 
box where it will be well ventilated and where 
its heat will have minimum effect upon the 
tuned circuit. The coupling lead between the 
plate of the oscillator tube and the grid of the 
first 6F6 is made with flexible wire passed 
through National TPB polystyrene bushings, 
one in the oscillator compartment and one in 
the base chassis, the rigid wire which comes 
with the bushing having first been removed by 
warming with a soldering iron. The power and 
keying leads are brought out in a similar man-
ner through holes lined with rubber grommets. 
The oscillator box is shock-mounted by means 
of long machine screws at each corner of the 
bottom plate. The screws pass through grom-
met-lined holes in the top of the chassis. 
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The base chassis is 5 X 10 X 3 inches. The 
two fins are mounted on either side of the 
chassis immediately behind the oscillator com-
partment. Underneath, the filter choke is 
fastened against the side of the chassis in the 
left rear near the two filter condensers, Cia and 
C15. The two plate r.f. chokes, RFC2 and RFC's, 
are mounted near their associated tube sockets. 
On the front edge are the control switches, Si 
for power and 52 which is the stand-by switch, 
cutting off plate voltage to all stages. Termi-
nals in parallel with 82 are mounted in the rear 

• 

Fig. 6-75 — Bottom view of 
the oscillator compartment. 
The tuning condenser and the 
coil are fastened to the rear 
wall of the box, while the air 
trimmer is mounted on the 
lower end in the photograph. 
The small cone insulator sup-
ports the coupling lead to the 
first amplifier stage. 

• 

Fig. 6-7-t — The complete 
VFO unit. The oscillator is 
housed in a separate com-
partment which is shock. 
mounted on rubber grom-
mets. The oscillator tube is 
on top of the compartment. 
To the rear are the two 6F6 
amplifier tubes, the VR tube, 
the rectifier and the pimer 
transformer. In front are the 
stand-by switch, the power 
switch, pilot lamp and thc t.0 
keying jacks. The out put 
terminals are to the right. 

• 

edge of the chassis to connect to a send-receive 
relay if this is found desirable. The output ter-
minajo are set in the right-hand side. 

Adjustment 

The resistance of R5 should be adjusted 
experimentally so that the VIt tube is ignited 
with the key either closed or open. If the glow 
disappears when the key is closed, the resist-
ance of R5 should be reduced. With the dial 
set for maximum capacitance of C1, C2 should 
be adjust el wit h a screwdriver to set t he 
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C1 — 100-ppfd. variable (1Tammarlund MC- 100S). 
C2— 75-pufd. variable (Ilammarlund APC75). 
Ca — 220-ppfd. zero-temp.-coef. mica. 
C4 — 68-pufd. zero-temp.-coef. mica. 
C5, Cs, CIO, C13 — 100-ppfd. mica. 
Ce, C7, Cg, Cii, Cl2 — 0.01-pfd. paper. 
C14, CI5 — 8-pfd. 450-volt electrolytic. 
RI, R2— 47,000 ohms, 3,4 watt. 
118 — 0.1 megohm, 34 watt. 
R4 — 220 ohms, 1 watt. 
115 — 5000 ohms, 25 watts, adjustable. 

frequency at 3500 kc. (3395 for 10- and 11-
meter operation). C1 should then cover the 
range to 4000 kc. (or 3800 kc.). 

Coupling to the crystal oscillator in most 
transmitters is simply a matter of running a 
wire from the " hot" output terminal (the 
terminal connected to the plate of the output 
tube through C13) to the grid of the oscillator 
tube, and the other output terminal to the 
chassis of the transmitter. In Tri-tet and grid-
plate oscillator circuits, the cathode tanks 
should be short-circuited. In triode or tetrocle 

Fig. 6.77 — Bottom view of 
the N FO unit showing the 
filter choke and the various 
i.f. chokes and by-pass con-
densers associated with the 
isolating amplifiers. 

• 
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Fig. 6-76 - - Circuit diagram of the simple VFO. 

Li — 17 turns No. 20 count., 1341 inches long, 1-inch 
diam., tapped 5 turns from ground end. 

1.2 — 30 liv., 50 ma. (Stancor C-1003). 
Ji, J2 — Closed-circuit jack. 
RFCI, It 2.5-mh. r.f. choke. 
11FC2 — Millen 47002 OA-inch diam. 21(, inches 

long) polystyrene form wound full with No. 30 
d.s.c. wire. 

Si, S2 — S.p.s.t. toggle switch. 
T — 340 volts each side center, 55 ma.; 5 v., 2 a.; 6.3 v., 

13/2 amp. 

crystal-oscillator circuits using parallel plate 
feed, it may be necessary to shift to series feed 
to prevent low-frequency parasitic oscillation 
because of the r.f. chokes in both the input 
and output circuits. In Pierce circuits, the 
oscillator tube may be fed as a grounded-grid 
amplifier by connecting the output terminals 
of the VFO in series between the cathode and 
the biasing resistor and by-pass. As an alter-
native, in this type of circuit, the oscillator 
tube may be eliminated and the VFO fed to 
the grid of the next tube. 
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Keying 

Best keying characteristics will be obtained 
by keying the output stage although a second 
keying jack, J, is included for use if break-in 
operation is necessary. Since the key would 
be at 150 volts above ground, a keying relay 
or vacuum-tube keyer should be used here to 
avoid the danger of shock. In keying the oscil-
lator, any key-click-filter lag should be kept 
at the minimum required for satisfactory click 
suppression, to avoid chirps. Usually, r.f. 

chokes only at the relay terminals will be - 
ficient. As much lag as is desired can be used 
when keying the output stage, since keying at 
this point does not affect the frequency. 
The oscillator draws 8 ma. in the plate cir-

cuit and 3 ma. in the screen circuit. The plate 
current of the first amplifier should run about 
15 ma. with the oscillator key closed and 32 
ma. when excitation is removed. The output-
stage currents should be 17 ma. with excitation 
and 25 ma. without excitation 

A 100-Watt Output Bandswitching Transmitter 

or Exciter 

The transmitter pictured in Figs. 6-78, 
6-80 and 6-81 incorporates bandswitching 
over all bands from 3.5 to 28 Mc. It consists 
of a 6V6 Tri-tet oscillator which gives ,. it her 
fundamental or second-harmonic output. from 
a 3.5-Mc, crystal, a 6N7 dual-triode frequency 
multiplier with its first triode section operating 
as a doubler from 7 to 14 Mc. and the second 
section doubling from 14 to 28 Mc., and a final 
stage with two 807s in parallel. The Tri-tet 
cathode coil may be cut in or out of the circuit 
as desired, so that the 6V6 may be used as a 
straight tetrode crystal oscillator on either 
3.5 or 7 Mc. Provision is made for crystal 
switching, six crystal sockets being included, 
and a seventh switch position is used for 
external VFO input. The power output on all 
bands is in excess of 100 watts when the 807s 
are operated at ICAS c.w. telegraph ratings. 

Circuit 

The circuit diagram of the transmitter is 
given in Fig. 6-79. The switching circuit is so 
arranged that the grids of unused 6N7 triode 
sections are disconnected from the preceding 
stage and grounded; thus excitation is not ap-

plied to idle doubler tubes. Only one coil is 
used in the 6V6 stage to cover both 3.5 and 
7 Mc.; for 3.5 Mc. an air padding condenser, 
C2, is switched in parallel with the 7-Mc. tank 
circuit to extend the tuning range to 3.5 Mc. 

Capacitance coupling bet ween stages is used 
throughout. The plates of the first three stages 
are parallel-fed so that the plate tuning con-
densers can be mounted directly on the metal 
chassis. Coupling to the 807 grids is through a 
tap on each plate coil; this " tapping down" 
not only provides the proper load for the vari-
ous driver stages but also helps overcome the 
effect on the driver tuning ranges of the rather 
large shunt capacitance resulting from operat-
ing the two beam tel rodes in parallel. Series 
feed is used in the plate circuit of the 807s, t he 
tank condenser being of the type that is in-
sulated from the chassis. Operating bias for the 
807s is obtained from a grid-leak resistor, and 
he screen voltage is obtained through a 
dropping resistor from the plate supply. , 

Plate currents of all tubes are read by a 
0-100 d.e. milliammeter which can be switched 
to any plate circuit by means of 84. One switch 
position is provided for checking the final-

Fig. 6-78 — 4 100-watt 
output transmitter or 
exciter with band. 
switching over four 
hand.. The MItp111 

uses parallel 807s. t:t- --
gal switching, with pro-
% ivion for 4 1'0 input, 
and meter switching are 
incorporated. Tuning 
controls. from left to 
right, are et-% st al oseil. 
lator-doublei, 14-Mc. 
doubler, 28-Me. dou-
bler. and (large dial) 
final amplifier. The crys-
tal su itch Is at the 
hmer left corner. driver 
limn 1-n itch in the cen-
ter, and meter switch 
at the lower right. The 
amplifier banasm itch 
above the meter switch 
and to the right of the 
amplifier tuning dial. 
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28 NC. 

+750 Fig. 6-79 — Circuit diagram of the 100-watt 
bandswitching transmitter. 

CI — 220- pfd. mica ( lllllll uteri inside L4). 
C2— 140-ppfd. air padder. 
C3, C4, CS — 100-ppfd. variable (National ST-100). 
Cs — 150-dd. variable, 0.05-inch plate spacing (Ilain• 

marlund II FB-150-C). 
C7 — 3-30-ppfd. ceramic padder. 
C8, C19, C21 — 0.0047-pfd. mica. 
C9, Co, C13, C16, C23 — 0.01.41M. paper, 600 volts. 
C10, C14, C17 — 0.0022-pfd. mica, 500 volts. 
C12, C151 C18— 10O-pfd. mica. 
Coo — 470-ppfd. mica, 2500 volts. 
C22— 0.0022-pfd. mica, 2500 volts. 
C24— See text. 
RI — 0.1 megohm, 34 watt. 
Ro, R3 47,000 ohms, 1 matt. 
R4— 47,000 ohms, 1/¡ 44 att. 
RS — 22,000 ohms, Y2' watt. 
Rs — 12,000 ohms, 1 watt. 
R7 — 25,000 ohms, 10 watts. 
Rs, R9 — 68 ohms, % watt. 
RIO, Rn, I112, R13, R14 — 22 ohms, 34 watt (R14 shunted 

as described below). 
1115 — 470 ohms, 1 watt. 
NOTE: R14 is shunted by a length of No. 30 wire 

(about 8 or 10 inches) wound around the resistor, 
the wire length being adjusted to make the meter read 
one-fifth normal, increasing the full-scale range to 500 ma. 
ii — 21 turns No. 18 on 1-inch form, length 1 inch; 

tapped 15 turns from ground. 
12 — 10 turns No. 18 on 1-inch form, length 1 inch; 

tapped 7 turns from ground. 
La — 5 turns No. 18 on 1-inch form, length 1 inch; 

tapped 2 turns from ground. 

L4 — 13 turns No. 18 on 1-inch form, length I inch. 
La — 4 turns No. 18, diam. % inch, length inch, 

mounted on 
L6 — 22 turns No. 20, diam. 134 inches, length I% 

inches. Link: 3 turns. 
L7 — 13 turns No. 16, diam. 1.1/2" inches, length 1% 

inches. Link: 3 turns. 
L8 — 7 turns No. 16, diam. 1%¡ inches, length 1% 

inches. Link: 3 turns. 
LO — 4 turns No. 16, diam. IA inches, length 1% 

inches. Link: 3 turns. 
NOTE: 1.1, Lo, La wound on Millen 45004 forms, L4 on 

Millen 1.5000 form; L6, Li, LA, Lo are Coto CI680E, 
CI640E, C1620E and C1610E, respectively, with turns 
removed to conform to specifications above. 

li — 6.3-volt pilot-lamp assembly. 
Ji — Coaxial-cable socket (Amphenol). 
NI A — 0-100 tl.c. milliarnmeter. 
It 1:Ct, RFC2 — 2.5-mh. r.f. choke (National R-100). 
RFC3— 2.5-mh. r.f. choke ( National R-100U). 
RFC.4 — 2.5-mh. r.f. choke (Millen 34102). 
RFC.5, RFC.) — 18 turns No. 20 d.c.c., diam., 

close-wound on 1-watt resistor (any high value 
of resistance may be used). 

Si — Ceramic wafer switch, 7 positions. 
So — Four-gang 6-position ceramic wafer switch (4 

positions used). 
S8 — Two-gang 4-position ceramic wafer switch 

ley 162C). 162C). 
S4 — Two-gang 6-position ceramic wafer switch (3 

positions used). 
Ss — S.p.s.t. toggle switch. 
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stage grid current. The d.c. cathode returns of 
both the 6V6 and the 807s are brought out to 
terminals so that a choice of keying is offered. 
If the 6V6 cathode lead is grounded, the am-
plifier alone may be keyed in the cathode cir-
cuit; if the two cathode returns are connected 
together, the oscillator and amplifier may be 
keyed simultaneously for break-in operation. 
(The oscillator alone cannot be keyed with the 
807 cathodes grounded, because without fixed 
bias on the latter tubes the plate input would 
be excessive under key-up conditions.) 
To prevent parasitic v.h.f. oscillations, small 

chokes (RFC5 and RFC6) are connected in the 
grid leads to the 807s, and a 68-ohm resistor is 
connected in each screen lead. These sup-
pressors are mounted as closely as possible to 
the tube sockets. A parasitic trap, L5C7, is 
connected in the common plate lead to the 
807s. Because of the high power sensitivity 
of the paralleled 807s and the fact that the 

Fig. 6-81 — Bottom 
view of the 100-watt 
bandswitching trans-
mitter. 'the chassis di-
mension« are 8 X 17 Y 
2 inches and the panel 
(of crackle-finished Ma-
sonite) is 83‘ X 1') 
inches. Parts layout is 
described in the text. 
The 750-volt lead I-
brought through a Mil-
len safety terminal, and 
all other power and key-
ing connections go to a 
ceramic terminal strip 
at the rear. Tim 
lion between 11....•,‘ 

switch and the \ put socket socket is through a 
short length of RG/581 
cable. 

Fig. 6-80 — Top view 
of the 100.watt band-
RN itching transmitter. 
The oscillator and dou-
bler coils are of the 
plug.in type for con-
venience in mounting 
and adjustment, but do 
not need to be changed 
to cover the frequency 
range from 3.5 to 30 
Mc. The cable terminal 
on the chassis wall at 
the right is for V1,0 

r.f, output tertni-
,..ls are at the extreme 

• 

grid-plate capacitance is doubled by the paral-
lel connection, the tubes may oscillate in 
t.g.t.p. fashion at the operating frequency if 
the amplifier is run with no load on the plate 
tank. However, this tendency toward oscilla-
tion disappears with a small load (less than 
one-fourth rated plate current) and the ampli-
fier is perfectly stable under normal loading 
conditions. 

Construction 

As shown in Fig. 6-80, the amplifier plate 
coils are mounted on an aluminum bracket 
supported by the main chassis. The bracket di-
mensions are 6 inches long by 4 inches wide 
on top, with mounting legs VA inches high. 
Half-inch lips bent outward from the bottoms 
of the legs provide means for mounting to the 
chassis. The amplifier bandswitch, S3, is 
mounted underneath the coil bracket, with the 
two switch wafers spaced out so they are ap-
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proximately two inches apart. This brings the 
plate switch section directly under the 28-Mc. 
tank coil so that the shortest leads can be ob-
tained at the highest frequency. The output 
link connection runs from the other switch 
section (at the front) through a length of 300-
ohm feeder to terminals on the rear wall of the 
chassis. Because of the low ratio of plate volt-
age to plate current, a rather low L/C ratio 
must be used in the plate tank circuit to secure 
a reasonable Q. The standard coils used are 
therefore modified to the dimensions given in 
Fig. 6-79. Other types of manufactured coils 
(100-watt rating) may be used if desired, pro-
vided turns are taken off to bring the 3.5-Me. 
band near maximum capacitance on the 150-

203 
28-Mc. doubler, and the rotor of the last sec-
tion to the grids of the 807s. In this view the 
right-hand section of the 6N7 is the 14-Mc. 
doubler. Grid and plate blocking condensers 
are supported between the tube-socket ter-
minals and small ceramic pillars which serve as 
tie-points for r.f. wiring. The coil taps to the 
807 switch drop through holes in the chassis 
directly below the proper prongs on the coil 
sockets. The crystal switch, crystal-holder as-
sembly, oscillator-cathode tuned circuit, and 
shorting switch, S5, are in the upper left-
hand corner. The crystal sockets (for the new 
small crystals) are mounted in a row on a 
1q X 3-inch piece of aluminum secured to the 
chassis by mounting pillars of square alumi-

L, L2 

Fig. 6-82 — Circuit diagram of a power supply for the 
100-watt bandswitching exciter-transmitter. 

115v. A.C. 

CI, Ca — 16-pfd. 450-volt electrolytic. 
Ca, C4 — 4-pfd. 1000-volt oil-filled. 
R — 15,000 ohms, 25 watt«. 
R2 — 25,000 ohms, 50 watts. 
Li, L2 — 20-hy. filter choke. 
La — 5/25-hy. 250-ma. swinging choke. 
L4 — 20-hy. 250-ma. smoothing choke. 
Ii — 100-watt 115-volt lamp. 
Si, S2 10-amp. toggle switch. 
Sa, S4 — 5-amp. toggle switch. 
Ti — 5-volt 3-amp, filament transformer. 
— Plate transformer, 300 v. d.c., 100 ma. or more. 

npfd. tank condenser, the 7-Me. band at 65 
to 70 per cent of maximum, and the 14-Mc. 
band to approximately 30 per cent of maxi-
mum. The 28-Mc, band may tune at nearly 
minimum capacitance, since the minimum 
circuit capacitance is fairly large. 

In the bottom view, Fig. 6-81, the meter 
switch with its shunting resistors is at the right. 
The driver bandswitch, 82, is in the center; the 
section nearest the panel is for C2, the rot9r of 
the next section goes to the grid of the 14Mc, 
doubler, the rotor of the third section to the—  the two sockets. 

+300 

ONO. 
KEY 

6.3v. 

T2 — 2.5-volt 1-amp, filament transformer. 
T4 — Plate transformer, 750 v. d.c., 250 ma. 
Ts — 6.3-volt 4-amp, filament transformer. 

Si turns on all filaments in the power supply and 
transmitter and sets up circuit for S2. S2 turns on low. 
voltage supply and sets up circuit for S4 which turns on 
high-voltage supply. When Sa is open, high voltage is 
reduced by It in series with the primary of T4. In operat-
ing the transmitter, all switches except S2 are closed. 
S2, then, is the stand-by switch controlling both plate 
supplies simultaneously. 

num rod. The spare crystal socket on top of the 
chassis is for old-type crystal holders with 
34-inch pin spacing. In general, chokes and 
by-pass condensers are grouped as closely as 
possible about the tube sockets with which 
they are associated, to keep r.f. leads short. In 
the 807 circuit, the screen by-pass condenser, 
C20, is mounted vertically from a small metal 
angle between the two tube sockets, and all 
grounds for the cathode, screen and grid cir-
cuits are brought to a common point between 
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The condenser, C24, across only the 7-Mc. 
807 tank coil, is actually a 1 X 1-inch piece of 
copper with a short tab at one end. The tab is 
soldered to the plate lead from the coil just 
under the coil bracket and then bent so that 
the 1 X 1 portion is parallel to the bracket and 
separated from it by about 5. inch. The coil by 
itself resonated with the stray capacitance at 
28 Mc. and absorbed considerable energy when 
the transmitter was operating on that band; 
the small capacitance detunes it and prevents 
such absorption. It may not be needed with 
other types of coils or different construction. 

Tuning 

Preliminary tuning should be done with the 
plate voltage for the 807s disconnected. Set 83 
and 83 for 28-Mc. output, set 84 to read oscil-
lator plate current, and close the key, if os-
cillator keying is being used. With a 3.5-Mc. 
crystal, make sure 85 is open; with a 7-Mc. 
crystal 85 should be closed. Rotate r3 for a 
small kick in the plate current that indicates 
resonance at the crystal harmonic, in the case 
of the Tri-tet, and for the marked dip in plate 
current that indicates oscillation with the 
tetrode oscillator. The current should be in 
the vicinity of 16 to 18 ma. Switch the meter to 
the 14-Mc, doubler and adjust C4 to obtain 

minimum plate current. This should be about 
15 ma. Check the 28-Mc. doubler plate current 
similarly; it should be between 25 and 30 ma. 
at resonance. The final-amplifier grid current 
should be 7 to 8 ma. 

Next, connect a 70-ohm dummy antenna or 
100-watt lamp to the output terminals, set 
C6 near minimum capacitance, and apply plate 
voltage to the 807s. Adjust Cg for minimum 
plate current, which should be about 200 ma. 
with this load. Readjust the driver circuits for 
maximum grid current to the 807s. 
Tuning procedure for other bands is much 

the same, except that the amplifier cannot be 
loaded to full input on the lower frequencies by 
either the dummy antenna or lamp, with the 
links furnished with the coils specified. In such 
cases an antenna should be used to load the 
transmitter after it has been determined that 
the various stages are working properly. On 
3.5 Mc., Cg should be adjusted so that a crys-
tal on 3500 kc. can be made to oscillate with 
C3 set near maximum capacitance. Generally, 
Cg will be set at approximately full capacity. 
The transmitter requires a power supply de-

livering 60 to 70 ma. at 300 volts for the os-
cillator and doublers, and one delivering 200 
ma. at 750 volts for the 807s. The supply of 
Fig. 6-82 is suitable. 

A 450-Watt Bandswitching Amplifier 

Figs. 6-83, 6-85 and 6-86 show the details 
of a bandswitching push-pull amplifier for the 
3.5-, 7-, 14- and 28-Mc. bands. It is suitable for 
use with any of the popular 1000- or 1500-volt 
100- to 150-ma. triodes. The tubes shown in the 
photographs are 812s. 
As shown in the circuit diagram of Fig. 6-84, 

all of L1 in the grid tank circuit and all of Li 
in the plate tank circuit are used for 3.5 Mc. 
Low-frequency padders, CI in the grid circuit 
and C10 in the plate, are switched across the 

coils simultaneously. For 7 Mc., the padding 
condensers are eut out and L1 and L4 are 
tapped so that only a portion of each coil is in 
use. At 14 Mc., the coils Lg and L3 are used 
with the padders, while at 28 Mc. the same 
coils are used without the padders. Links for 
t he two coils in each tank circuit are connected 
in series. 
The components are assembled on a stand-

ard 19-inch panel, 10M inches high. The two 
tubes, the neutralizing condensers and Lg are 

Fig. 6-83 — Top View of the band-
smitching amplifier. The plate.tanit 
switching assembly is to the right. 

• 
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Fig. 6-84 — Circuit diagram of the 
30-pafd. variable, 0.07-inch spacing (Cardwell 
ZT-30-AS). 

— 0.001-afd. mica. 
C3— 35-add.-per-section variable (Millen 21935). 
C4, C5 — 0.01-afcl. paper. 
C6, C7 - Neutralizing condenser (National NC-800). 
Cs — 0.001-afd. 5000-volt mica. 
C9 — 65-gafd.-per-sec variable (llanimarl I II FIlD. 

65-1e). 
Clo — 50- ofd. vac capacitor (Type GE G I.-11.38). 

mounted on top of a 5 X 10 X 3-inch chassis 
fastened to the panel with its center 7 inchus 
from the left-hand edge and its bottom edge 

inch above the lower edge of the panel. The 
tubes are spaced 5% inches, center to center. 
and their sockets are submounted and cen-
tered 1% inches from the tight-hand edge of 
the chassis as viewed from the rear. L2 is 
wound on a polystyrene form mounted on a 
National AR coil-plug strip. Its socket is cen-
tered between the tubes and inch from tlic 

• 

Fig. 6-85 — Rear 
view of the band-
sw itching amplifier. 

• 

80 

bandswitching push-pull amplifier. 

L1 — B & W 80BCL, tapped at 12th turn fr .arli end. 
1.2 — 10 turns No. 14 enam., 134-inch diam., 1 inch long. 
1.3 B & W 10TCL. 
L4 — B & W 80TCL reduced to 21 turns, tapped at 3rd 

turn from each end. 
.11 — 4-prong socket connector. 
111:C4 — 1-mh. rd. choke (National 11-1541.") 
St, S2 — 4-gang 4-position ceramic rotary switch (Mal-

lory 164-C). 
Ti — 6.3 volts, 8 amp. (ETC S61)• 

edge of the chassis. A 53% X 2-inch cut-out is 
made in the outside edge of the chassis to clear 
the grid bandswitch, St. A 1U-inch piece of 
the cut-out is left and bent inward at right 
angles to provide a mounting for the switch. 
The coil for /. 1 is removed from its plug strip 
and transferred to a Millen plug strip which 
has the required additional contacts for the 
7- Mc. taps. The cut-out is notched at the top 
to provide clearance for the terminals of the 
coil socket. 
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Underneath the chassis, CI is mounted 
vertically on spacers at the center, while the 
grid tuning condenser, C3, is mounted as close 
to the inside edge as possible. Leads between 
the lower terminals of the neutralizing con-
densers and the grid terminals of the tube 
sockets are fed down through the top of the 
chassis via small feed-through insulators. Link 
input terminals are mounted on the outside 
edge of the chassis, near the rear, while 115-

IISV. A.G. 
TO EXCITER 
PLATE 
SUPPLY 

\  52 

TO EXCITER FILS. 

Fig. 6-87 — Circuit diagram of a power supply and 
control system for the 450-watt bandswitching amplifier. 

•=u1 

•.« 

CI, C2 4-51d. 2000-volt oil-filled. 
C9 — 8-14fd. 450-volt electrolytic. 
RI — 25,000 ohms, 100 watts. 
112 — 20,000 ohms, 25 watts, with slider. 
Ra, R4 — 100 ohms, 1 watt. 
Rs — 2500 ohms, 10 watts, with slider. 
Li — 5/25-hy. 400-ma, swinging ch 
1.2 — 20-by. 400-ma, smoothing choke. 
— 30-by. 50-ma, filter choke. 

Ii — 150-watt 115-volt lamp. 

CHAPTER 6 

• 

Fig. 6-86 — Bottom 
view of the band-
switching amplifier 
showing the grid. 
circuit assembly to 
the right and the 
plate-circuit group 
to the left. 

• 

volt a.c. ami biasing connections are made 
through a cable socket set in the rear edge. 
The filament transformer is mounted on the 
upper right-hand corner of the panel, as 
viewed from the rear of the unit. 
The plate tuning condenser, C9, is mounted 

on aluminum-strip brackets fastened to the 
chassis to bring its shaft 8U inches from the 
right-hand edge of the panel (as viewed from 
the front) and 2 inches from the top. Alumi-

L3 

 ,Q_Q 1LQ  

ji — 4-prong socket connector. 
Si, S2, Sa, S4 — 10-amp. switch. 
Ss — 5-amp. switch. 
Ti — 2.5-volt 10-ampere filament transformer, 10,000. 

volt insulation. 
T2 — Plate transformer, 1500/1250 v. d.c., 400 ma. 
Ta — Power transformer, 650 volts c.t., 50 ma.; 5 volts, 

3 amp. 
VR — Voltage-regulator tubes — VR75 (see text). 
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num sheet is cut to form end plates for a sub-
assembly which includes the switch, S2, the two 
coil sockets, and a mounting for the padder, 
C10. As viewed from the rear, L4 is to the left 
and L3 to the right. Pillar-type ceramic in-
sulators form spacers for the mounting angles 
that support the cartridge-fuse clips in which 
the vacuum-type padding condenser, C10, is 
mounted. The assembly is spaced from the 
panel on 1%-inch cone stand-offs, placed so 
that the shaft comes 5 inches from the right-
hand edge of the panel and 2 inches below 
the top edge. The Millen safety terminal for 
the high-voltage connection, the link output 
terminals and the insulating condenser, C8, 
are fastened to the rear end plate of the as-
sembly. The plate r.f. choke is fastened to the 
panel between the plate tank condenser and 
the switch assembly. 

Reference should be made to earlier sections 
in this chapter for tuning and adjusting ¡pro-
cedures. 

Power Supply 

Fig. 6-87 shows the circuit of a suitable 
power supply and control system for this 
amplifier. The plate-supply transformer, 7'2, 
is tapped for either 1500 or 1250 volts d.c. 
output from the filter, making it suitable for 
operating the amplifier at maximum ratings, 
'phone or c.w. The bias supply employs a 

small transformer and the output voltage is 
regulated. A pair of VR tubes are used in par-
allel to carry the required grid current. The 
resistor, 1?2, should be adjusted, without ex-
citation to the amplifier, until the VR tubes 
just ignite. The voltage of the pack should 
then hold constant over a wide range of grid-
current values. VR tubes should be selected 
with voltage ratings between the value re-
quired to cut off plate current and the recom-
mended value of operating bias for the ampli-
fier tubes used. The difference between the 
VR-tube voltage and the recommended oper-
ating value then is made up by grid-leak ac-
tion through 14. 14 should be adjusted so that 
the operating bias is the recommended value 
with rated grid current flowing and the am-
plifier loaded to rated plate current. 
The control system is arranged so that Si 

turns on the 866 filaments in the power supply, 
amplifier and exciter filaments, and sets up 
circuit for 82 which turns on the bias supply. 
82 also sets up circuit for 83 which turns on the 
exciter plate supply and sets up circuit for 84 
which controls the high-voltage supply. When 
S5 is open, power is reduced for adjustments 
since Ii is in series with the primary of 7'2. 
In operating the transmitter, all switches 
except 83 are closed. 83 then serves as the 
stand-by switch, controlling all plate power 
supplies simultaneou,ly. 

A 500-Watt Beam-Tube Amplifier 

The photographs of Figs. 6-88, 6-90, 6-91 
and 6-92 show the construction of a single-
tube screen-grid amplifier using a Type 813 
which will handle an input of up to 500 watts. 
The circuit is shown in Fig. 6-89. The amplifier 
is designed for link coupling in both input 
and output circuits. Bandswitching is em-
ployed in the grid circuit principally because 
of the problem of providing plug-in coils with 

Fig. 6-88 — Front-panel 
view of the stabilized 813 
amplifier. In addition to 
the meter and the plate 
and grid tuning controls, 
the panel contains the r.f. 
input jack, the key jack, 
a three-position meter 
switch, and a four-posi-
tion bandswitch for the 
grid circuit. 

• 

satisfactory shielding. To assure good stability, 
the amplifier is neutralized. 
The triode-connected 6Y6 is used to protect 

the tube against overload in case of removal 
or failure of excitation. This system is used in 
preference to protective bias because of the 
difficulty of limiting the input to a safe value 
without exceeding the recommended operating 
bias for operating conditions when screen 
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60 
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S2 o 
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Ro 

10V. 

Fig. 6-89 — Schematic diagram of the 813 amplifier. 

C1 -- 100-add. mica. 
C2 — 68-udd. mica. 
C3 — 50.µµfd. receiving-type variable (Millen Type 

19050). 
C4 — 0.0022-dd. mica. 
C5, Ce — 0.01-dd. paper. 
C7 — 0.001-afd. 2500-volt mica. 
CS — 0.001-afd. 5000-volt mica. 
Co — 50-m1dd...13er-section dual transmitting type, 0.171. 

inch spacing (Cardwell XG-50- X D). 
Cis — 0.001-dd. 5000-volt mica. 
Cs — See text. 
RI — 10,000 ohms, 5 watts. (See text.) 
112, 113 — 100 ohms, q watt. 
114 — 35,000 ohms, 50 watts, with slider. 
115 — 15,000 ohms, 50 watts. 
Re — Meter shunt. Wound Is ith No. 30 d.s.c. wire, 

length as required to multiply meter scale by 
ten. 

Li — 26 turns No. 22 d.s.c. spaced to occupy 1% inehes 
on a 1-inch diam. form. 

L2 — 15 turns No. 18 d.c.c. spaced to occupy 1% inches 
on a 1-inch diam. form. 

— 10 turns No. 18 d.c.c. spaced to occupy 1% inches 
on a 1-inch diam. form. 

L4 — 5 turns No. 18 d.c.c. spaced to occupy 114 inches 
on a 1-inch diam. form. 

Ls, Ls, 1.7, Ls — Two-turn links, No. 18 insulated 
stranded wire, wound over ground ends of Li 
through L4 inclusive. 

voltage is obtained from a series resistance — 
recommended practice if the amplifier is to 
be plate-screen modulated. So long as normal 
grid current flows to the 813, the 6Y6 is biased 
to cut-off, so that it has no effect. However, 
when excitation is removed from the ampli-
fier, the bias on the 61'6 disappears and it 
draws current through the screen resistor, 
causing the screen voltage to drop to a value 
that reduces both plate and screen currents 
to safe values 
The si ngle milliammeter may be switched by 

TO ANT. 
COUPLER 

— NOTE: These coils are B & W TVIT series, for use 
with the B & W TV11 swinging-link assembly. 
The coils are modified as described below. 

80 meters: B & W 160-TV11 with 4 turns removed 
from each end. (54 turns No. 18 enameled, 2 
inches diameter, winding length 4% inches.) 

40 meters: B & W 80-TVH with 8 turns removed 
from each end. (22 turns No. 14 enameled, 2 
inches diameter, winding length 3% inches.) 

20 meters: B & W 2ervii with 1 turn removed 
from each end. (12 turns No. 12 enameled, 24 
inches diameter, winding length 4)  inches.) 

10 meters: B & W 10-TVH with 1 turn removed 
from each end. (6 turns %-inch copper tubing, 
21 inches diameter, % inding length 5% inches.) 

inding lengths specified above include %-inch 
separation between halves of the coil for en-
trance of swinging link coil.) 

Lis — 3-turn link assembly, part of B & W TV11 swing. 
ing-link assembly. 

Ji — Coaxial connector. 
J2 — Closed-circuit jack. 
MA — 0-50 d.c. milliammeter. 
RFC1 — 2.5 mh. (Millen Type 34104). 
RFC2 — 2.5 mh. (National 11-100). 
RFC3 — 2.5 mh. (National R-300). 
Si — Single-gang 2-pole 5-position ceramic wafer 

switch. (Centralab S-2505.) 
S2 — Two-gang 2-pole S-position ceramic wafer switch. 

(Centralab S-2511). 

S2 to read grid current, screen current or 
cathode current. A multiplier shunt increases 
the range of the 50-ma. meter to 500 ma. when 
it is switched to read cathode current. A jack, 
./3, is provided so that the amplifier may be 
keyed in the center-tap. 

Construction 

The entire amplifier unit is suspended from 
a standard 19 X 83¡-inch panel. The grid-
circuit components are housed in the 6 X 
6 X 6-inch stool box to the left in Fig. 6-90, 
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Fig. 6-90 — Rear view 
of the 813 amplifier. 
The steel utility box 
used to shield the in-
put circuits is bolted 
to the rear of the 
panel. The home-built 
neutralizing condenser 
is below the mica by-
pass condenser which 
forms a part of the 
rear support for the 
plate condenser. The 
plate condenser and 
the swinging-link as-
semlblv are mounted 
(breed, on the panel 
%ith ceramic stand-
off insulators. 

while the plate tank condenser and coil are 
mounted on the panel to the right. The 813 
protrudes horizontally from the right-hand 
side of the box, its socket being submounted 
on brackets inside the box so that that portion 
of the tube which extends above its internal 
shielding plate is exposed. The 61-6 is mounted 
alongside the 813. 
The r.f. input jack, the grid coils, grid tuning 

condenser, bandswitch, key jack, and the meter 
switch are built as one assembly constructed 
on one of the cover plates of the box as shown 
in Fig. 6-92. All ground connections in this 
assembly are made to soldering lugs slipped 
under the screws which mount the coil forms. 
The coils themselves are held away from the 
chassis by National GS-10 stand-off insulators. 
Care should be taken in locating the mounting 
holes for the coils and the bandswitch to be 

sure that they will clear the lip of the utility 
box when the time comes for final assembly. 
If required, additional clearance may be ob-
tained by filing semicircular notches in the 
lips of the box. The coils should be connected 
to t he bandswitch before the coupling links are 
wound. This keeps the assembly clear of ob-
structions and makes wiring easier. Padding 
condensers C1 and C2, used with the 40- and 
80-meter coils respectively, are connected 
from the grid end of the coil to the same solder-
ing lugs used for grounding the cold ends of 
the coils. When the links are wound on later, 
their ground connections are also made to 
these same lugs. 
The meter switch provides mounting termi-

nals for meter shunts R2, R3 and R6, and for the 
grid resistor, RI. The leads to the meter itself 
are passed through the top of the box through 

Fig. 6-91 -- The interior 
of the shield box. The 
socket for the 813 is 
mounted on a bracket 
visible to the right of the 
four grid coils. The two 
large resistors are the 
screen-dropping units. 
This view also shows the 
construction of the neu-
tralizing condenser, one 
plate of which mounts on 
a ceramic bushing on the 
wall of the box, the other 
being supported by a 
bracket from the plate 
tuning condenser. 

• 



210 CHAPTER 6 
a grommet-lined hole after assembly. The 
other leads to the metered circuits are cabled 
and are run along the top of the box. 

All of the by-pass condensers associated 
with the screen and filament circuits are 
mounted on the socket and should be grounded 
at a common point. All of this wiring, together 
with the filament and screen leads, should be 
soldered in place before the 813 socket bracket 
is mounted within the box. The grid blocking 
condenser, C4, may also be soldered in posi-
tion, leaving one end free to be connected to 
the stator plates of the grid tuning condenser 
after assembly. The mounting of the screen 
dropping resistors is shown in Fig. 6-91. Both 
are supported by small ceramic stand-off insu-
lators. High voltage for the plate-and-screen 
supply enters the top of the box through a 
Millen safety connector, and is passed through 
the side of the box to the plate coil through a 
ceramic bushing. A bushing requiring a .¡-inch 
hole was used to provide maximum insulation. 
The fixed plate of the neutralizing condenser is 
mounted on a similar bushing just above the 
socket for the 6Y6G. The exact location of 
this hole should be determined after tempo-
rarily assembling the panel, the plate tuning 
condenser, and the box, because the fixed plate 
must be aligned with the variable plate, which 
is supported by the plate tuning condenser. 
The plate tuning condenser is mounted on 

the front panel by three ceramic stand-off 
insulators. This is necessary because the con-
denser rotor is at full plate potential above 
ground. The rotor shaft is cut off about WI 
inch from the rotor bushing, to permit the in-
sertion of a high-voltage type shaft coupling. 
An insulated shaft made of 3-inch bakelite 
rod couples the rotor of the condenser to the 
dial. Both r.f. chokes used in the plate tank 
circuit are mounted on the jack-bar into which 
the coils plug. The high-voltage lead runs from 
the center-tap of the coil to the ceramic bush-

r"— 

ing on the side of the box, at which point the 
plate by-pass condenser, Co, is mounted. The 
ground end of this condenser is mounted on a 
spacer which is held in place by one of the 
screws which passes through the side of the 
box to hold the socket mounting bracket in 
place. The rear of the plate tuning condenser 
is held to the rear of the box by a small alumi-
num bracket, bent to provide adequate clear-
ance between itself and the rotor. Blocking 
condenser C8 is made a part of this bracket. 
The variable plate of the neutralizing con-

denser is supported by a small bracket bolted 
to the stator connectors of the tuning con-
denser. The copper disks used are each 1 inch 
in diameter. A hole is drilled in the center of 
each disk to pass a mounting screw. The 
"stator" disk is bolted to the ceramic feed-
through bushing, and is held away from it by a 
.j-inch spacer. The other end of the screw 
which goes through the bushing is fitted with 
a soldering lug to which the grid connection is 
soldered. The " rotor" disk is fastened to a 
2-inch machine screw with a nut. The threaded 
end of the screw is then passed through the 
mounting bracket and is held in position 
firmly by two nuts, one on each surface of the 
bracket. This plate should be put in position 
first, after which the location of the hole for 
the bushing can be determined to provide 
proper alignment of the two plates. 

After the three separate assemblies have 
been built and wired, the few remaining inter-
connections should be made. These include 
the connection of the metering leads to the 
proper points of the circuit, the connection of 
the grid coupling condenser to the stator 
plates of the grid tuning condenser, and the 
connection of the leads between the common 
terminals of the meter switch and the meter 
itself. The entire box assembly is then fastened 
to the front panel using angle brackets and 
6-32 machine screws. 

Fig. 6-92 — The grid coils are grouped around 
their bandswitch on one of the covers of the 
utility box. The coaxial input jack is mounted 
between the two coils at the left. The meter 
switch is in the upper right-hand corner, and 
the grid tuning condenser is at the bottom. 
The two leads coming through the top of the 
box run from the meter switch to the meter. 

• 
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Fig. 6-93 — Circuit of power-supply eq tipment 
for the 500-watt beam-tube amplifier. 

C1 — 2-pfd. 2500-volt oil-filled. 
Cs — 4-gfd. 2500-volt oil-filled. 
IIi — 50,000 ohms, 200 watts. 
Li — 5/25-hy. 300-ma, swinging choke. 
1.2 — 20-by. 300-ma, smoothing choke. 
I — 150-watt 115-volt lamp. 
Si, Ss, Sa — 10-amp. switch. 
S4 — 5-amp. switch. 
Ta — 2.5-volt 10-amp. filament transformer, 

10,000-volt insulation. 
Ts — Plate transformer, 2250/2000 v. d.c., 300 

ma. 
T3 — 10-volt 5-amp. filament transformer. 
T4 — 6.3-volt 1-amp. (or more) filament trans-

former. 

Power Supply 

The circuit diagram of a plate and filament 
supply and a suggested control system is 
shown in Fig. 6-93. The plate transformer is 
tapped so that voltage may be reduced to keep 
within the tube ratings when modulating the 
amplifier. 
The control system is arranged to take care 

of the exciter as well as the amplifier. Si turns 
on all filaments in the exciter, amplifier and 
power supply, and sets up circuit for 82 which 
turns on the exciter plate supply. Closing 82 
also sets up circuit for 83 which turns on the 
high-voltage supply. When 84 is open, I is 
in series with the primary of T2 to reduce 
voltage while adjustments are being made. 
When the transmitter is in operation, all 
switches except S2 are closed. 52 then serves 
as the stand-by switch, controlling both ex-
citer and amplifier plate-voltage supplies si-
multaneously. 

Adjustment 

The amplifier is neutralized most accu-
rately by applying excitation with the positive 
high-voltage lead disconnected and checking 
for r.f. in the plate tank circuit with an 
absorption-type indicator (see Chapter Six-
teen). Starting with the neutralizing condenser 
wide open, the capacitance should be increased 
slowly. At some point within the range of the 
neutralizing condenser, the indicator should 
show minimum indication (or no indication) 
of r.f. as the plate tank condenser is swung 
through its range. If further increase in the 
capacitance of the neutralizing condenser 
causes an increase in the reading of the indi-
cator, the setting of the neutralizing condenser 
should be brought back to the minimum 
point. 

Tube data sheets 
furnish proper 
operating values 
for a choice of sev-
eral plate voltages 
and these should 
be followed closely. 
For operating at 
maximum c.w. 
ratings, the plate 
voltage should be 
2250. A screen re-
sistor of 46,000 
ohms and a grid 
leak of 10,000 
ohms should be 
used. When the 
amplifier is loaded 
to a plate current 
of 220 ma. and the 
excitation adjusted 
to give a grid cur-
rent of 15 ma., the 
d.c. grid voltage 
should be — 155 
volts and the screen 
voltage 400 at a 

screen current of 40 ma. For maximum plate/ 
screen-modulated ratings, the plate voltage 
should be 2000, the screen resistor 41,000 ohms 
and the grid leak 11,000 ohms. When the 
amplifier is loaded to the maximum rated plate 
current of 200 ma. and the grid current ad-
justed to 16 ma., the bias should be 175 volts 
and the screen voltage 350 at 40 ma. The 
driver should be capable of an output of 15 to 
20 watts to allow for coupling losses. For c.w. 
operation with a 1500-volt supply and a plate 
current of 180 ma., the recommended screen 
voltage is 300. The screen current should be 
30 ma. and the required screen voltage-drop-
ping resistor 40,000 ohms. The grid current 
under load should be 12 ma. through a 7500-
ohm grid leak. For 'phone operation at 1600 
volts, the following values are recommended: 
plate current 150 ma., screen voltage 400 at 
20 ma., grid bias 130 volts at 6 ma., screen 
voltage-dropping resistor 60,000 ohms, grid 
leak 22,000 ohms. 

Perhaps the most critical adjustment is that 
of obtaining proper excitation. Overdriving 
results in excessive screen current. Excessive 
screen current causes abnormal voltage drop 
in the screen resistor, resulting in reduced 
output from the tube. Since both screen and 
control-grid current will vary with the loading 
of the amplifier, it is important that the excita-
tion adjustment be made with the amplifier 
loaded to rated plate current. Underloading 
can quite readily result in excessive screen 
dissipation unless the screen resistor and 
excitation are readjusted to suit the conditions. 

If the amplifier is properly neutralized, it 
should be possible to remove both load and 
excitation without encountering any indica-
tion of self-oscillation. Under this condition, 
the cathode current should fall to a low value. 
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A Push-Pull Amplifier for 200 to 500 Watts Input 

Figs. 6-95, 6-96 and 6-97 show various 
views of a compact push-pull amplifier using 
tubes of the 1500-volt 150-ma, class, although 
the design is also suitable for use with tubes of 
the 1000-volt 100-ma. class. With the lower 
plate voltages a plate tank condenser with a 
spacing between plates of 0.05 inch, and smaller 
tank coils, may be used. 

BIAS - H V +5 V 
7.5 V. +BIAS 

Fig. 6-91 -- Circuit diagram of 
— 100 add. per section, 0.03-inch spacing ( Ilam-

marlund II FAD- 100-11). 
C2 - 100 add. per section, 0.07-inch spacing ( 11am-

marlund 11111D-100 ). 
C3, C4 — Neutralizing condenser (National NC-800). 
C5, C6 — 3-30 -gpfd. mica trimmer (Nat al M-30). 
C7, Cs, C9 — 0.01 -pfil. paper. 
Cis — 0.001.5h1, mica, 7500-volt rating (Acrovox 1653). 
RI — 22 ohms, I watt. 
112 — See text. 
LI — 11 & W JC1. series, dimensions as follows: 
— 3.5 Mc. — 44 turns No. 20, 2% inches long. 
• — 7 Me. — 26 turns No. 16, 2% inches long. 
—14 Mc. — 11 turns No. 16,1% inches long (remove 

2 turns from 11 & W coil). 
—28 Mc. — 6 turns No. 16, 174; inches long (remove 

2 turns from LI & W coil). 
(All 1%-inch diam. 3-turn links.) 

The circuit, shown in Fig. 6-94, is quite con-
ventional. with link coupling at both input and 
output. The tuned circuits, L3C6 and L4C5, are 
traps important for the prevention of v.h.f. 
parasitic oscillations. The 100-ma. meter may 
be shifted between the grid and cathode cir-
cuits for reading either grid current or cathode 
current. When shifted to read cathode current, 

the 450-watt push-pull amplifier. 

L2 -- B & W TC1. series, dimensions as follows: 
—3.5 Mc. — 26 turns No. 12, 3%-inch diam., 4% 

inches long. 
— 7 Mc. — 22 turns No. 12, 2%-inch diam., 4% 

inches long. 
— 14 Mc. -- 10 turn. No. 12, 2%-inch diam., 43% 

inelies long. Remove one turn from each end 
of coil. 

—28 Mc. — 4 turns -inch copper tubing, 212-inch 
diam., 4% inches long. Remove one turn from 
each end. 

(All coils fitted with 2-turn links.) 
1,3, 14 — 4 turns No. 14, 3/2-inch diam., % inch long. 
MA — 100-ma. milliammeter. 
RFC — 1-mh. r.f. choke (National E-154U). 
Si — 2-section 2-position rotary switch. 

• 

Fig. 6-95 — A general view of the 
compact 450-watt push-pull ampli-
fier, showing the front- panel and top-
of-chassis arrangement. Mounted on 
a standard relay rack, the height is 
only 7 inches and the depth 9 inches. 
Grid and plate tank circuits are iso-
lated from each other by the double 
shielding partitions. On the panel are 
the 0-100-ma. milliammeter, which is 
switched to read current in all circuits, 
theplate-tank tuningdial, and a chart 
giving coil and tuning data. The small 
knob at the left below is the grid-
circuit tuning control, while the one 
to the right is for the meter switch. 

• 
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the meter is shunted by a resistor, Th. which 
multiplies the scale reading by five. This re-
s'stor is wound with No. 26 copper wire, the 
ltngth being determined experimentally to 
give the desired scale multiplication. 

Construction 

The mechanical arrangement shown in the 
photographs results in a compact unit requir-
ing a minimum of panel space. All components 
are assembled around a small metal chassis 
7 X 2 X 9 inches deep. The partitions are 
standard 6 X 10-inch interstage shields. 
The tank condenser is mounted on the left-
hand partition (Fig. 6-96) at a height which 
brings its shaft down 2 inches from t he top 
of the panel. The plate-tank-coil jack-bar is 
mounted centrally wit h the condenser on 
spacers which give a ,]12-incli clearance bet ween 
t he strip and the partition. CH is mounted wit h 
a small angle on t he partition under the center 
of C2. Leads from both ends of the rotor shaft 
are brought to one side of Cio for symmetry. 
The two tube sockets are mounted in a line 

through the center of the chassis and at op-
posite ends of the plate tank condenser. They 
are spaced about one inch below the chassis 
on long machine screws. The neutralizing con-
densers are placed between the two tubes, so 
that the leads from the plate of one tube t t 

• 

Fig. 6-97 — Bottom view of ill,. 
•I-50-watt push-pull amplifier. ' II • 
grid tank condenser is n lllll nted be-
tween the two tube sockets which are 
set below the chassis on brackets. 
Connections between the condenser 
terminals and the coil socket aboye 
pass through grommet-lined holes in 
the chassis. The partitions provide 
shieiding between input and output 
tank coils. 

• 

• 

Fig. 6-96 — Bear view of the 450-
att push-pull amplifier. The plate 

tank condenser is n llllll ited on the 
left-hand partilion. The plate tank-
coil jack-bar is mounted centrally, 
opposite the condenser. The socket 
for the grid tank coil is mounted to 
the right just above the chassis line. 

• 

grid of the other are short. The r.f. choke is 
mounted just above the tank condenser. 
The right-hand partition is cut out at the 

forward edge to clear the meter. This eut-out 
can be readily made with a socket punch and a 
hack saw. The socket for the grid tank coil is 
mounted 4 inches behind the panel, just 
above the chassis line. 
The grid tank condenser. C1, is mounted 

under the chassis without insulation. Large 
clearance holes, lined with rubber grommets, 
are drilled for connecting wires which must be 
run through the chassis or partitions. The para-
sitic traps are made self-supporting in the 
plate leads front the tank condenser to the 
tube caps. The panel is placed so that the 
plate tank-condenser shaft comes at t he center. 
The meter switch is mounted to balance the 
knob controlling C1. Power-supply connections 
are made at the rear of the chassis. 

Power Supply and Excitation 

To operate the T40s shown in the photo-
graphs at maximum ratings, the driver should 
be capable of an output of 25 to 40 watts. 
The circuit diagram of a suitable plate and 

bias supply with control switches is shown in 
Fig. 6-98. The bias supply should be adjusted 
as described in connection with the power sup-
ply for Ow .150-wrift bandswitching amplifie • 
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Fig. 6-98 — Circuit diagram of a power supply and 
control system for the medium-powered push-pull T40 
amplifier. 

CI, C2 — .1.5111. 2000-volt oil-filled. 
Ca — 8-51d. 450-volt electrolytic. 
RI — 25,000 ohms, 100 watts. 
112 — 25,000 ohms, 25 watts, wit, slider. 
R3 — 3000 ohms, 25 watts, with slider. 
114. R5 — 100 ohms, 1 watt. 
Li — 5/25-hy. 400-ma, swinging elioke. 
1.2 — 20-hy. 400-ma, smoothing choke. 
La — 30-hy. 50-ma, filter choke. 
It — 150-watt 115-volt lamp. 

of Fig. 6-87. For T40s, VR-90 regulators may 
be used. For operating at maximum c.w. 
ratings, an additional 50 volts of bias should 
be obtained from the grid leak, R3. At the 
rated grid current of 30 ma, per tube, a resist-
ance of about 850 ohms will be required 
at R3. 

Tuning 

After the amplifier has been neutralized, a 
test should be made for parasitic oscillation. 
The bias should be reduced until the amplifier 
draws a plate current of about 100 ma, with-
out excitation. With C1 adjusted to various 
settings, C2 should be varied through its range 
and the plate current watched closely for any 
abrupt change. Any change will indicate oscil-
lation, in which case Cb and Cg should be ad-
justed simultaneously in slight steps until the 
oscillation disappears. Unless the wiring differs 
appreciably from the original, complete sup-

SI, S2 — 10-amp. switch. 
S3, S4 — 5-amp. sly itch. 
Ti — 2.5-volt 10-amp, filament tran.former, 

10,000-volt insulation. 
T2 — Plate transformer, 1500/1250 y. d.e., 100 

ma. 
Ta — 7.5-volt 5-amp. filament transformer. 
T4 — Power transformer, 650 v. a.c., c.t., 50 ma, 

or more, 5 volts, 2 amp. 
VR — See text. 

pression will be obtained with the two con-
densers at full capacity. 
The amplifier should now be tuned up and 

the excitation adjusted so that a grid current 
of 60 ma. is obtained with the amplifier fully 
loaded. Full loading will be indicated when the 
cathode-current meter registers 360 ma. Under 
these conditions the biasing voltage should 
rise to 150 volts, dropping to 90 volts without 
excitation when the plate current will fall to 
zero. 

If the amplifier is to be plate-modulated, the 
plate voltage should be reduced to 1250 and 
the loading decreased to reduce the plate 
current to 2.50 ma. The same bias-supply ad-
justment will be satisfactory for this type of 
operation but excitation may be reduced to 
give a grid current of 40 ma., bringing the total 
cathode current to 290 ma. 

For operating conditions for tubes of other 
types tube data should be consulted. 

A Compact 450-Watt Push-Pull Amplifier 

The photographs of Figs. 6-99, 6-101 and 
6-102 show an amplifier designed along the 
lines of the type of construction often referred 
to as " dish type." This style of construction 

has many advantages, although its use nor-
mally is confined to components of moderate 
physical dimensions and weight. 
The tank coils may be mounted so that very 
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little metal of the normal rack structure is in 
the immediate fields of the tank coils — a 
condition almost impossible to approach in the 
usual form of construction with metal panels 
and side brackets. Plug-in coils are made 
much more accessible for changing and the 
direction of " pull" in removing coils is out-
ward away from the rack rather than upward 
into the next rack unit above. Terminals may 
be mounted so that the wiring between rack 
units may be made inconspicuous and so that 
the chances of personal injury from accidental 
contact with exposed terminals at the rear are 
greatly reduced. Lastly, this form of construc-
tion usually reduces the required height of the 
unit which is a particular advantage in table 
racks where vertical space is at a premium. 
The circuit of the amplifier shown in the dia-

gram of Fig. 6-100 is standard in every way ex-
cept in the method of metering. By means of 
the two-gang six-position switch it is possible 
to measure the individual grid and cathode 
currents of each tube as well as total grid or 
total cathode currents. To accomplish this, 
two small filament transformers are used, one 
for each tube, instead of a single large trans-
former. The meter is switched across shunting 
resistances in each circuit to simplify switch-

INPU 
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Fig. 6-99 — The three controls of the 450-watt "dish 
type amplifier are arranged symmetrically. The meter 
switch is at the right, the control for the plate tank con-
denser at the center and the grid-circuit control at the 
left. The panel which is 8% X 19 inches is fitted with 
panel bearings for the condenser-shaft extensions. It is 
fastened to the chassis by flat-head screws after the 
bottom edges of the chassis have been drilled and tapped. 

ing. In the cathode circuits, the shunting re-
sistors should be carefully adjusted to provide 
a scale multiplication of ten, giving a full-scale 
reading of 1000 ma. 

In doing the r.f. wiring, care should be taken 

X X 
à 

115V. A.G. - 

TO EXTERNAL 
0-100 MA. METER 

Fig. 6-100 — Circuit diagram of the "dish-type" push-pull 450-watt amplifier. 

• — 100 add. per section (Hammarlund MCD100M). 
• — 100 µdd. per section (Cardwell MT1OOGD), 0.07-

inch spacing. 
C3, C4 — Neutralizing condenser, 10 to 15 pad. (Ham-

marlund N10). 
CS, CS — 470-pmfd. 600-volt mica. 
CT, CS, Co, CIO — 0.01-mfd. 600-volt paper. 
Cii — 0.002-pfd. 5000-volt mica. 
RI, Rz, Rs — 25 to 50 ohms, 2 watts. 
I14, Rs, Ro — Cathode-current meter shunts (see text). 
• — National AR series coils with center link (variable-

link type recommended). 
Substitute coils may be wound on 1h-inch diam. 

form as follows: 

— 3.5 Mc. — 44 turns, 2 inches long. 
— 7 Mc. — 22 turns, 2 inches long. 
— 14 Mc. — 10 turns, 134 inches long. 
— 28 Mc. — 6 turns, 1 h inches long. 

I.2 — B & W TL series with center links. 
Substitute coils may be wound as follows on 2 34-inch 

diam. forms: 
—3.5 Mc. — 36 turns, 4 inches long. 
— 7 Mc. — 18 turns, 4 inches long. 
— 14 Mc. — 10 turns, 3 inches long. 
— 28 Mc. — 6 turns, 3 inches long. 

RFC: — 2.5-mh. r.f. choke. 
RFC2— 1-mh. r.f. choke (National 154-U). 
Si — 2-gang 6-position rotary switch (Mallory). 

T2 — 6.3 volts, 6 amp. 
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to keep it as synimet ric:il as pt tssible. In form-
ing the long wires bet ween the neutralizing 
condensers and the tank-condenser stators, the 
lengths should be made identical. The wire 
connecting to the rear condenser stator should 
go directly in a straight line, while the one 
going to the front stator section may be bent 
to make up for the difference in distance be-
tween the neutralizing condensers and the two 
stators. The plate leads to the tubes should be 
tapped on these long wires at points which will 
make the wire length between neutralizing 
condenser and plate and between tank con-
denser and plate equal on each side. 
The positive high-voltage lead, run inside 

the chassis with high-voltage cable, comes up 
through a feed-through insulator near the 
plate choke. 
The rotors of the grid tank condenser are 

not grounded, since experience has shown that 
an amplifier of this type usually neutralizes 
more readily without the ground connection 
and excitation usually divides more evenly be-
tween the two tubes. 
The leads from the neutralizing condensers 

to thé grid terminals are crossed over before 
they pass through small feed-through points 

Fig. 6-102 — The plate tank-coil jack 
strip of the 450-watt push-pull ampli-
fier is fastened to the tank-condenser 
frame with strip-metal brackets. The 
assembly, mounted on 5,', - ineh stand-
off insulators is placed at the center 
of the chassis as far to the left as pos-
sible. The condenser shaft is extended 
at right angles through the bearing in 
the center of the chassis by means of 
two M iHen 45-degree shaft joints con-
nected together by a short length of 
bakelite shafting. The sockets for the 
tubes are submounted on the 6 X 8-
inch pa on, inches up from the 
chassis and U'à inches from each edge 
and are orientated so that the plates 
of the tubes s ill be in a vertical plane. 

CHAPTER 6 
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Fig. 6-101 — The grid-circuit com-
ponents of the -dish-type .. 450-watt 
amplifier are mounted on this side of 
the partition which is braced by 
standard 5-inch triangular brackets. 
The tank condenser is mounted by 
means of a screw in the hole which 
remains when the shield between the 
stators is removed. The ceramic ter-
minal strip is for all external connec-
tions except for positive high voltage 
for which a special safety terminal is 
provided. A large clearance hole 
should be cut in the chassis for the 
condenser shaft. The shaft, which 
should come at the center line of the 
chassis, 81 1(1 be pros ided % ith a 
flexible insulating coupling. 

mounted in the partition. The grid r.f. chokes 
are self-supporting between the tube grid 
terminals and the feed-through points in the 
chassis which carry the biasing leads inside to 
the individual meter shunts. Filament wires 
are run through %-inch holes lined with rub-
ber grommets. 

Inside the chassis, the separate meter-
shunting resistances are supported on fiber 
lug strips. The leads going to the switch 
should be soldered in place, formed into cables, 
and the other ends connected to the switch on 
the panel as the last operation before putting 
the panel in place. 

This amplifier is suitable for use with any 
of the 1000-volt 100-ma. to 1500-volt 150-ma. 
triodes. Those shown in the photographs are 
812s. 
For 1500-volt tubes, the power supply shown 

in Fig. 6-103 is suitable for use with this am-
plifier. The bias supply should be adjusted 
following the suggestions given in connection 
with Fig. 6-87. For 812s, VR-90 regulators will 
provide adequate protective bias. If these 
tubes are to be operated at maximum c.w. rat-
ings, an operating bias of 175 volts is required. 
The difference between the fixed voltage (90 
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C2 4-pfd. 2000-volt oil-filled. 
C3 — 8-afd. 450-volt electrolytic. 
RI — 25,000 ohms, 100 watts. 
112 — 25,000 ohms, 25 watts, with slider. 
113 — 5000 ohms, 25 watts, with slider. 
Rt, Rs — 100 ohms, 1 watt. 
Li — 5/25-hy. 400-ma. swinging choke. 
L2 — 20-hy. 400-ma. smoothing choke. 
L3 30-hy. 50-ma, filter choke. 

volts) an:I the operating bias, 85 volts, is ob-
tained from the grid leak, R3. At the rated grid 
current of 50 ma. for the two tubes, R3 should 
be adjusted to 1700 ohms. R2 should be ad-
justed so that the VR tubes just ignite without 
excitation applied to the amplifier. 
The control switching system is similar to 

the ones previously described. The amplifier 
requires a driver delivering 25 to 40 watts 
output. 

If the layout and wiring have been followed 
carefully, no difficulties should be encountere.1 
in neutralizing nor with parasitics. Both grid 
and plate currents should check the same 
within ten per cent. 

+ H V 

-N v 

+8IAS 

BIAS 

 o 
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Fig. 6-103 — Circuit diagram of plate and bias supply 
for the 450-watt push-pull amplifier. 

It — 150-watt 115-volt lamp. 
Si, S2, S3 — 10-amp. switch. 
St — 5-amp. switch. 
— 2.5-volt 10-amp. filament transformer, 10,000. 

volt insulation. 
T2 — I 500/1250-v. d.c. 400-ma, plate transformer. 
— Power transformer, 650 v. a.c., c.t., 50 ma. or 

more; 5 volts, 2 amp. 
VR — Voltage-regulator tubes (see text). 

The meter, when switched to read grid cur-
rent, form a good neutralizing indicator. Both 
neutralizing condensers should be kept at 
equal settings and adjusted simultaneously 
until the grid current remains perfectly steady 
as the plate tank condenser is tuned through 
resonance. Neutralizing is always done wit h t he 
plate-voltage lead removed. Operating voltages 
and currents for other tubes or operating con-
ditions for lower plate voltages should be taken 
from tube data sheets. 

Link output is provided for connecting di-
rectly to a " fiat" line or coupling to any type 
of antenna system through an antenna tuner 
(see ( ' Itapter Teti). 

A 1-Kw. Push-Pull Amplifier 

The push-pull amplifier shown in the phot 
graphs of Figs. 6-104, 6-106 and 6-107 is built 
around a pair of Eimac 250Th I triodes. It will 
handle a full kw. input at a plate voltage of 
2000 or less, although the plate tank-condenser 
spacing is sufficient for 3000-volt operation 
with plate modulation. The driving stage 
should be capable of delivering approximately 
100 watts. The amplifier may be shifted to any 
amateur band by a system of plug-in coils. 
The circuit, shown in Fig. 6-105, is standard 

for a push-pull link-coupled neutralized am-

plifier. The only departure from strict con-
ventionality is the use of the fixed vacuum-
type padding condenser (C9) across the plate 
tank coil when operat ing at 3.5 Mc. A filament 
transformer is included on the chassis to per-
mit short leads which must carry the high 
heating current. 
The components are mounted on a standard 

10 X 17 X 3-inch chassis, with the 10-inch 
side against the panel to provide the necessary 
depth. The B 6 W " butterfly"-type plate 
tank condenser is mounted on heavy 2-inch 
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stand-off insulators, with its shaft along the 
center line of the chassis and its front mount-
ing feet centered 2 inches from the panel. Since 
its rotor is connected to the high-voltage 
supply, use of a good insulating shaft coupling 
is of utmost importance as a safety measure. 
The output tank-coil base assembly, with its 
adjustable link, is fastened to the two upper-
rear stator nuts of the condenser by means of a 
pair of aluminum angle pieces. Similarly, the 
clips for the 3.5- Mc, vacuum-type padding 
condenser are mounted at the front of the 
condenser. Link output terminals are provided 
by the large stand-off insulators fastened to 
the rear of the panel near t he t op. 

10001 

'.105— Circuit diagram of the high-power push-pull amplifier. 
CI 100 55fd. per section, 0.05-inch spacing (Ilammarlund 

11 FBD-100-C). 
C2 — 60 55fd. per section, 0.25-inch spacing (B & W CX62-C). 
C3, C4 — Disk-type neutralizing condenser (B & W N-3). 
Cat C81 C8 — 0.01-5fd. paper, 600 volts. 
C7 — 0.001-5fd. mica, 10,000 volts. 
CO — 25 &odd., 16,000 volts (GE GL122). 
1.1 — B & W BCE, coils. 
1.2 — B&WHDVL coils. 
RFC — 1-mh. r.f. choke (Hammarlund CH-500). 
T — 5 volts, 22 amperes (Stancor P6302, see text). 

*H.V. - 

• 

Fig. 6-104 — Front view of the kilo-
att amplifier. The panel is 21 inches 

high and of standard 19-inch width. 

• 

The neutralizing condensers are special 
units designed as accessories to the tank 
condenser. Each consists of a single disk con-
nected to the grids, the rear stator plates of 
the plate tank condenser serving as the other 
side of the neutralizing condenser, for a com-
pact unit. The by-pass condenser, C7, is lo-
cated under the rear end of the tank condenser 
and is fastened to the chassis with a small 
metal angle piece which makes the ground 
connection. 
The sockets for the 250THs are submounted. 

They are spaced 5 inches, center to center, and 
4 inches in from the rear edge of the chassis. 
The grid tank condenser is mounted between 

the tubes with an extension shaft 
to the front of the panel. The rotor 
plates are grounded to the chassis. 
The high-voltage line to the plate 
tank condenser and the plate r.f. 
choke is brought up through the 
chassis via a large ceramic feed-
through insulator. 

Underneath, the jack-bar for the 
grid coil is centered between the 
tube sockets. Connections between 
this coil mounting and the con-
denser on top are made through 
large clearance holes lined with 
rubber grommets. Short, direct 
leads connect the tank circuit to 
the grid terminals of the tubes. 
The filament transformer is 

mounted directly underneath the 
plate tank condenser. Since this 
transformer, as well as the grid 
coil, protrudes from the underside 
of the chassis, the chassis is set 
with its bottom edge 2 inches 

above the bottom edge of the panel. The trans-
former shown in the photographs, and listed 
under Fig. 6-105, is one designed for rectifier 
service and has high-voltage insulation. If 
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one with 1600- or 2000-volt insulation is avail-
able it may be substituted, of course. A Millen 
safety terminal for the positive high-voltage 
connection, a three-terminal ceramic strip for 
bias and ground connections, and a male 
power plug for the 115-volt connection to the 
filament transformer are set in the rear edge 
of the chassis while a pair of insulated termi-
nals in the left rear corner are for the excita-
tion input. 

Power Supply 

Fig. 6-108 shows the details of a suitable 
high-voltage plate and biasing supply for this 
amplifier. For a plate voltage of 2500, VR-90s 
in the bias supply will provide adequate volt-
age fur plate-current cut-off. Five of them in 
parallel should be used to handle the necessary 
grid current. R2 should be adjusted so that the 
tubes just ignite without excitation to the 
250THs. For an operating bias of 150 volts, 
60 volts must be obtained from the grid leak, 
R3. At a grid current of 150 ma. under operat-
ing conditions, this will require a resistance of 
400 ohms for R3. The control switching system 
operates as described in connection with previ-
ously-mentioned supplies. 

Adjustment 

When the amplifier is completed and ready 
for operation, the first step in adjustment is 
the neutralization. This may be done with the 
amplifier set up wit h all external connections 
made, except for the antenna and high voltage. 
With the coils for the desired band plugged 

in, the tuning of the grid tank circuit should 
be adjusted until a grid-current reading is ob-
tained. Then the neutralizing condensers should 
be adjusted simultaneously, bit by bit, keeping 
the spacing equal. When the amplifier is not 

• 

Fig. 6.106 — Hear view of the push. 
pull 250TII amplifier shcming the 
mounting of the plate tank coil and 
3.5.N1c. padding condenser. 

• 

neutralized, a dip in grid current will be found 
as the plate tank condenser is tuned through 
resonance. The neutralizing condensers should 
be adjusted until no change in grid current oc-
curs as the plate tank condenser is swung 
through its range. This should occur with the 
adjustable plates of the neutralizing condensers 
spaced about 1Í6 inches away from the rear 
stator plates of the tank condenser. 

Although plenty of plate dissipation is avail-
able, it is desirable to do the preliminary tun-

Fig. 6-107 — The filament transformer and grid coil are 
mounted underneath the chassis. 
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CI, C2 — 4-pfd. 300-volt oil-filled. 
Ca — 8-pfd. 450-volt electrel% tic. 
Ri — 50,000 ohms, 200 watts. 
112 — 10,000 ohms, 25 watts, with slider. 
113 — 1000 ohms, 25 watts, with slider. 
114, lis, Ro, 117, Rs — 100 ohms, 1 watt. 
— 5-25-hy. 500-ma. swinging choke. 

L2 — 20-hi. 500-ma. smoothing choke. 
La — 30-hy. 50-ma. filter choke. 

ing and loading of the amplifier at reduced 
plate voltage. Before plate voltage is applied, 
a grid-current reading of at least 150 to 200 
ma. should be possible. The antenna link 
should be swung out to the minimum-coupling 
Position. As soon as plate voltage and excita-
tion are applied, the plate tank condenser 
should be adjusted for minimum plate current. 
Grid current still should be above 150 ma. 
When the excitation is removed, there should 
be no indication of oscillation at any setting of 
thé grid- or plate-tank condenser. 
The output link may be connected directly 

to a properly-terminated low-impedance line, 
or through a link-coupled antenna tuner to the 

115V A.0 FOR FIL TRANS. 

(SI 
Fig. 6-108 — Circuit diagram of a 20-vo 50lt 400-ma. Power supply. 

o 

li — 150-watt 115-volt lamp. 
Si, S2, S4 — 15-amp. switch. 
S3 — 5-anip. switch. 
— 2.5-volt 10-amp. filament transformer, 

10,000- volt insulation. 
T2 — 2500-%. 500-nia. Plate transformer. 
T3 — Power transformer, 650 v. a.c., c.t.. 50 ma. 

or  e; 5 volts, 2 amp. 
See text for voltage-regulator tube data. 

feeders of any antenna system. With excitation 
and plate power applied, the plate current 
should increase as the link coupling is tight-
ened and the antenna system tuned to reso-
nance. With each adjustment of coupling or 
antenna tuning, the plate tank condenser 
should be retuned for minimum plate current. 
The minimum reading will increase as the 
coupling is tightened with the antenna tuned 
to resonance. The loading may be increased up 
to the point where the minimum reading is 
400 ma., when the input will be 1 kw. at 2500 
volts. With the amplifier loaded, the excitation 
should be adjusted to about 150 ma. for the 
two tubes. 

A Complete 350-Watt 'Phone-C.W. Transmitter 

The 350-watt 'phone- c. w. t rzt it,tni t ter ' It vit 
in Fig. 6-109 is made up in three sections. The 
center section contains a bandswitching ex-
citer and speech amplifier, each on a separate 
chassis. The top section is shared by a plate 
modulator and a push-pull final amplifier with 
grid bandswitching and plug-in plate coils. 
The bottom unit contains the two power sup-
plies from which the transmitter is operated. 
All bands from 3.5 to 28 Mc. are covered and 
the entire apparatus is housed in a standard-

rack-width cabinet 3tiU inches high overall. 

Baridswitching Exciter 

The bandswitching exciter and speech am-
plifier are shown in Figs. 6-111 and 6-112. The 
circuit of the exciter, shown in Fig. 6-110, fol-
lows quite closely that of the exciter unit of 
Fig. 6-79. The tube line-up consists of a 6V6 
Tri-tet crystal oscillator giving fundamental 
or second-harmonic output using 3.5-Mc. 
crystals or fundamental output using 7-Mc. 
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crystals, a 6N7 tittal-t ri Ode fri.iittcncy multi-
plier wit h the first section doubling from 7 Mc. 
to 14 Mc., the second section of the same tube 
doubling from 14 Mc. to 28 Mc., and an 807 
buffer-driver stage. 
A 12-position wafer switch, Si, is used to 

select one of 12 crystal sockets or to switch to 
external VFO input. The Tri-tot, cathode coil 
may be switched out of the circuit by S4 to 
permit straight-through crystal-oscillator op-
eration of t he 6V6 wit h eit her 3.5- or 7- Me. 
crystals. For 27-Mc, band output, suitable 
crystals must of course be selected. 

Provision is made in the bandswitching cir-
cuit, controlled by the 4-section switch, 82, 
to disconnect grids of unused triode sections 
of the 6N7 from the preceding stage and to 
ground them, thus avoiding applying excita-
tion to idle stages. Both 3.5 and 7 Mc. are 
covered with one coil, Lit, an extra condenser 
(air-padder C3) being connected across it in 
parallel to extend the tuning range to cover 
the 3.5- Me. band. 
The output of the 807 is link-coupled to the 

Fig. 6-109 — À bands., itching medium-
power 'phone-c.w, transmitter, c pletely 
self-contained and compactly housed in a 
metal cabinet 3ei inches high, 213/2 inches 
wide and 15 inches deep. The panels are 
standard 19-Inch width and total :15 inches 
in height. The meter at the left in the row 
at the top of the panel reads filament %,olt• 
age. 'I'he milliammeter on the right mea-
ores modulator plate current while that in 
the center can be switched to read final-
amplifier grid current and plate currents 
in each r.f. stage. The final-amplitier pla te-

tank tuning control is centrally located in 
the top panel and the dial in line at the left 
is for grid- tank tuning. The ' pl  
switch is at the bottom right of tue top 
panel and the bandswiteh for the final grid 
is at the left. The knob in the middle is for 
the meter switch. The tuning control for 
the 807 plate is located high on the left of 
the middle panel under which are controls, 
left. to right, for oscillator, first doubler, 
second doubler and handswitch for the 807 
output tanks. rl'he crystal-selector switch 
is at the lower left, with the cathode coil 
switch at its right. The excitation control 
next to the right is flanked by the two key 
jacks. Under the bandsm itch for the initpià 
tanks is the one for the earlier stages. The 
audio gain control is on the extreme right 
lower corner. On the power-supply panel, 
switehes in the a.c. circuits to control fila-
ment, 600-volt and 1250-volt supplies are 
uiatched at the top with panel lights. 

grid of t he final amplifier but all exciter stages 
are capacitance-coupled. Parallel feed is used in 
the first three stages so that the tuning con-
densers, C4, Cb and Cb, need not be insulated 
from the metal panel. The coupling to the 807 
grid is through a tap on each plate coil; this 
provides proper loading of the various driver 
stages. C23, connected across the 3.5-Mc, output 
link winding, was found necessary to detune the 
link, which resonated at 28 Mc., absorbing a 
considerable amount of power when operating 
in t he ten-meter band. Grid-leak bias is used in 
the 807 stage. Screen voltage for the 807 is ob-
tained from the 600-volt supply through a 
dropping resist or, R7, and approximately 300 
volts is applied to the driver plates from a tap 
on t he voltage divider, litolett, across the 600-
volt supply. Excitation to the 807 may be 
adjusted by R2 which varies the oscillator 
screen voltage. 
The d.c. cathode returns of both the oscilla-

tor and the 807 stage are connected to closed-
circuit jacks, offering a choice of keying the 807 
stage only or keying both oscillator and 



222 CHAPTER 6 

5,0 
SPOT 

RFC, 

EWE 
3 

J, 
°SC- Amy Iv°  

KEY 

AMP ONLY I V *--;.—•--) 

TOVA 6V6 
FILS 

J2 

057 

TO FIL. LINE 
115 V AC. 

Fig. 

To Pi 
FINAL AMP 

3.514C 
0  

285C. 

+600v. 

1/2 6N7),' 
3.5MC. 

28 mc. 

5 20 

METER 
CABLE SOCKET 

TO SPEECH 
AMPLIFIER 

6-110 — Circuit diagram of the ri-exciter unit. 

C1, C10, C14, C17 — 0.0022-pfd. mica. 
— 220-add. mica. 

C3 — 140-aafd. air padder. 
C4, C5, Cs — 100-aufd. variable (National ST-100). 
C7 — 100-ppfd. variable (Hammarlund MC-100-SX). 
Cs, Q9 — 0.0047-ppfd. mica. 
C9, C11, C13, C16, C22 — 0.01-pfd. 600-volt paper. 
C12, C15, C18 — 100•µMfd. mica. 
C20 .- 500-ppfd. 2500-volt mica. 
Cal — 0.002-afd. 2500-volt mica. 
C23 — 22-gafd. mica. 
—470 ohms, 1 watt. 

Ii — 0.1 megohm, AI watt. 
12 — 50,000-ohm potentiometer, 10 watts. 
Ca — 47,000 ohms, 1 watt. 
14 — 47,000 ohms, AI matt. 
— 22,000 ohms, lA 

is — 22,000 ohms, 1 watt. 
7 — 50,000 ohms, 10 Watts. 

Rs — 47 ohms (carbon), watt. 
RO, 1112, R13, 1114 — 22 ohm., 14 watt. 
Rio — 3000 ohm«, 50 watt.. 
Hit — 15,000 ohms, 25 watts. 
Li — 21 turns No. 18 on 1-inch diam. form, length 1 

inch; tapped 15 turns from ground. 

buffer-amplifier stages simultaneously. With 
no fixed bias on the 807, the oscillator alone 
may not be keyed since the 807 is not provided 
with protective bias. The 6N7 is protected by 
cathode bias. 

R.F OUTPUT 
TO PP FINAL 

GND. 

L2 — 10 turns No. 18 on 1-inch diam. lllll length 1 
inch; tapped 7 turns from ground. 

L3 — 5 turns No 18 on 1-inch diam. form, length 1 
inch; tapped 2 turns from ground. 

L4 — 13 turns No. 18 on 1-inch diameter form, length 
1 inch. 

NOTE — Li, L2, La and L4 are wound on Millen Tye 
45000 forms. 
L5, L6, L7, L8 — Millen 43082, 43042, 43022 and 43012. 
J1, Closed-circuit jack. 
— Coaxial-cable socket (Amphenol). 

Octal socket. 
— Octal plug. 

RFC,, RFC2, RFCa — 2.5-mh. r.f. choke ( National 
R-100U). 

RFC4 — 20 turns No. 20 d.c.c. close-wound on 1-watt re-
sistor (any high value of resistance may be 
used). 

— Single-gang 12-position wafer switch. 
S2 — Four-gang four-position ceramic wafer switch. 
S3 — Two-gang four-position ceramic wafer switch. 
S4 — S.p.O.t. toggle switch. 
Ss— D.p.d.t. toggle switch. 
Ti — 6.3.-volt 4-amp. filament transformer (Stancor 

13-4019). 

Exciter Construction 

The exciter chassis is shown in Figs. 6-111 
and 6-112. It is built on a 14 X 10 X 3-inch 
chassis and is mounted, with the speech-ampli-
fier chassis, on a standard rack panel 8% inches 
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• 

Fig. 6-111 — Top view of the speech-ampli-
fier r.f.-exciter unit. The speech-amplifier 
equipment is mounted on the 3 X 5 X 10. 
inch standard chassis to the left. The r.f. 
unit is spaced two inches from it with inter-
connections cabled through a grommetted 
hole in the side of each chassis. The coil 
assembly for the plate circuit of the 807 stage 
is mounted on a bracket bent from sheet 
aluminum. It is 3 inches wide, 63x2 inches 
long, and 2 ji inches high. 

• 

high. In Fig. 6-111, the row of eleven crystal 
sockets to accommodate new-style crystal 
holders is mounted along the right-hand edge 
of the chassis. A spare socket to the rear of the 
others is provided for old-style crystals with 
8%-inch pin spacing and is wired in parallel with 
the eleventh socket from the panel. The 6.3-
volt transformer to supply the heaters in both 
the r.f. exciter and the speech amplifier is lo-
cated to the rear of the crystal sockets. 

Coils for the crystal-oscillator stage and the 
first two doublers are wound on Millen 1-inch 
diameter forms and secured to the chassis with 
small machine screws. The leads from these 
coils are fed to the 4-gang bandswitch, 82, 
below, through small insulating bushings im-
mediately in front of the coils. The 6V6 crystal-
oscillator tube is slightly to the right of the 
oscillator coil and the 6N7 is directly to the 
left. 
The tuning condenser for the 807 driver 

stage is mounted on small ceramic stand-offs 
on a bracket formed of sheet aluminum, to 
permit the fiber shaft extension rod to clear 
the oscillator and doubler coils and condensers. 
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In line with this condenser and immediately to 
the rear of it are the socket and shield can for 
the 807. A short length of braid connects the 
plate cap of the tube to the stator terminal of 
the condenser. 
The coils for the bandswitching assembly for 

the 807 stage are mounted on small ceramic 
stand-off insulators and fastened to another 
sheet-aluminum platform below which is 
mounted the 2-gang 807-stage bandswitch, 83. 
The wafers of 83 are spaced about 2 inches so 
that one section is almost directly under the 
28-Mc. coil, to permit shortest possible leads to 
that coil. The 14-Mc, coil is placed next in line 
to the rear and the 7-Mc. coil is farthest to the 
rear of the subbase. The 3.5-Mc, coil is nearest 
the panel. The switch section at the front is 
used to switch the links for the various coils. 
The National Type FWJ banana-jack terminal 
for r.f. output is set in the rear end of the coil-
supporting subbase. 

Looking at the bottom of the exciter in Fig. 
6-112, the crystal-selector switch is in the lower 
right-hand corner below the row of crystal 
sockets. The voltage-divider resistors, R10 and 

Fig. 6-112 — Bottom 
of the r.f.-exciter/ 
speech-amplifier unit, 
with covers removed. 

• 
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Ru, are mounted toward the rear of the chassis 
on angle brackets. The crystal-oscillator tube 
socket is at right center, with the cathode coil 
and condenser toward the panel and slightly to 
the right. The switch to short out the cathode 
coil is mounted on the panel immediately to 
the left of the crystal-selector switch. The ex-
citation-control potentiometer, Rg, is mounted 
centrally just to the right of the two key jacks. 
The bandswitch 82 is at the extreme left-hand 
front of the chassis with the 3.5-Mc. plate-tank 
padding condenser, C3, mounted at an anglo 
to the right. The shaft of the latter extends 
through the chassis for screwdriver adjust nient 
from above. 

Related components are mounted wherever 
convenient to permit leads to be as short as pos-
sible. Much of the non-r.f. wiring, including 
connections to the speech amplifier, is cabled 
and placed around the edge of the chassis. The 
terminal board, mounted on small pillars, facil-
itates wiring. The parasitic-suppressor choke, 
/?1,'C.1, is wound using a 1-watt resistor of 
0.1 megohm as a form. The 115-volt male 
connector at the left of the back side of the 
chassis is t he input terminal for the filament-
transformer primaries. The high-low line-
volt age switch, 83, is next to t he right. The 
Millen safety terminal is for 600-volt supply 
with a banana-plug jack ground connection 
next to it. An octal socket at the extreme right 
rear edge of the chassis is for the cable contain-
ing metering leads and other interunit connec-
tions. To its left is an Amphenol coaxial con-
nector for VFO input. A length of RG-5815 
cable leads along the lip of the chassis to the 
blocking condenser, C1, soldered to the No. 12 
crystal selector-switch lug. A chassis bottom 
plate, removed for t he picture, forms part of 
the shielding for the unit. 

Fig. 6-113 — The final ampli. 
fier and modulator. The grid 
tank condenser and neutraliz-
ing condensers are to the right 
of the tubes. The plate-tank 
components with the coil 
mounted on top of the con-
denser are to the left. Grid 
coils are located underneath 
the chassis. The modulator 
occupies the left-hand end of 
the eliassi«. All meters in The 
transmitter are mounted on 
the panel uf this unit. 

• 

Final Amplifier and Modulator 

The final amplifier shares the top chassis 
with the modulator. The wiring of this chassis 
is shown in Fig. 6-114. 

Bandswitching is employed only in the grid 
circuit of the final amplifier because of the bulk 
that plate-coil switching would involve. One 
side of each link joins a common line and the 
other side is switched in automatically when a 
band is selected. Both ends of the grid tank 
coils are switched. The individual 500-ohm re-
sistances at the center-tap of each coil help to 
isolate unused coils. The common resistor, Rg, 
makes up the balance of the grid leak. L6Ci and 
L6C2 are trap circuits to suppress v.h.f. para-
sitic oscillation. 
The plate spacing of the plate tank conden-

ser is reduced to a minimum by arranging the 
circuit so that d.c. and audio voltages do not 
appear across the condenser section. This re-
quires that the condenser rotor be insulated 
from the chassis and that the shaft be pro-
vided with a high-voltage insulating coupling. 
The 5514s require no protective bias so they 
may be operated safely with grid-leak bias 
only. 

Ilytron 5514s are used also in the Class 13 
modulator; its circuit is included in Fig. 6-114. 
High-frequency response is limited by shunting 
condensers C7 and Cg across the primary and 
secondary of the modulation transformer. This 
added capacitance acts in conjunction with 
the leakage reactance of the transformer wind-
ings to form a low-pass filter which attenuates 
the highs, including those arising because of 
modulator distortion. Since transformers vary, 
the proper value of capacitance must be de-
termined experimentally. In this particular 
case, a capacitance of 0.003 mfd. results in a 
rather sharp cut-off above 3000 cycles. 
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R.F 
Input 

TO FIL. 
115V At. 
LINE 

A 

AUDIO 
INPUT 
FROM 
S.A. 

5514 

2.3 

2 

5514 

To  Fitz 

To 

5514 

GNO. + 1250 VOLTS 

C„ 

Fig. 6-114 — Circuit diagram of the final-amplifier-and-modulator unit. 

RI: 

Re 

CI, C2 — 3-30-pad. mica trimmers. 
C3, C4 — 0.01-afd. 600-volt paper. 
CS — 100-upfd.-per-section variable, 0.07-inch sparing 

(Cardwell PL7030). 
C6 — 0.02-•fd. 2500-volt mica. 
C7, Cs — 0.003-•fd. 2500-volt mica (see text). 
Co — 100-••fd.-per-section variable, 0.047-inch spacing 

(National TMK-100D). 
Cto, Cit — 0.001-dd. mica. 
Cl2, CI3 Neutralizing condenser (National NC-800). 
RI, R2, R3, R4 — 500 ohms, 10 watts. 
115 — 1300 ohms, 10 watts. 
R6 — 22 ohms, 1/2  watt. 
R7, RS — 10,000 ohms, 75 watts. 
Ro — 22 ohms, 1/2  watt, shunted by a length of No. 30 

copper wire wound around the resistor. The 
wire length should be adjusted to make the 
milliammeter read one-tenth its normal value, 
increasing the full-scale range to 1000 ma. 

L1, L2, L3, 1.4 — Millen Ty pcs 43081, 43011, 43021 and 
43011 coils. 

17 

R.F 
Output 

'Nome • 

TO FIL 
6,..115a4Af. 

Ls, Ls — 5 turns No. 14 bare copper wire, 3%-inch diam-
eter, inch long. 

L7 — B & W BXL series. 
Ji — Octal socket. 
MAI — 0-100 d.c. milliammeter. 
MA2 — 0-300 d.c. milliammeter. 
P1 — Octal plug. 
RFC — 1-mh. r.f. choke (National R-300). 
Li — D.p.d.t. 115-volt coil relay (Ward-Leonard 507-

549 used as s.p.s.t.)• 
Ry2 D.p.d.t. 115-volt coil relay (Ward-Leonard 507-

531 used as s.p.s.t.)• 
Si — 3-gang 4-position ceramic wafer switch. 
S2 — 1).p.s.t. toggle switch. 
S3 — D.p.d.t. toggle switch. 
— 2-gang 6-position ceramic wafer switch. 

Ti, '1'2 — 7.5-volt 5-amp. filament transformer (Stancor 
l'-4091). 

T3 — Modulation transformer, 5511s to Class C (Thor-
(Larson T-11\119). 

V — 0-10 a.c. voltmeter. 
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Metering System 

A single milliammeter and switching system 
is used to check the plate current of all exciter 
stages as well as the grid and cathode currents 
of the final amplifier. The double-gang switch, 
84, Fig. 6-114, connects the meter MAI across 
low-value resistors in each circuit. The resist-
ance of R9, R12, R13 and R14, Fig. 6-110, and R6 
in Fig. 6-114, is sufficiently high so that it does 

TO 115V HIGH LOW 
SWITCH IN XCTR. 6J7 

Fig. 6-116 — Circuit 
diagram of the speech 
amplifier for the corn. 
pact 'phone-c.w. trans-
mitter. 

C9 

2A3 2A3 

CI, Cs — 0.0047-dd. mica. 
C2, Ca — 25-ufd. 50-volt electrolytic. 
Ca, C7, C8, CO, C10 — 0.1-pfd. 440-volt paper. 
C4 — 8-ufd. 450-volt electrolytic. 
Ri — 4.7 megohms, 1 watt. 
RI — 2200 ohms, 1 Wtitt. 
Rs — 2.2 megohms, 1 Wet. 
R4, Rs — 0.47 megohm, 1 watt. 
Ra 47,000 ohms, 1 watt. 
Re — 0.5-megohm potentiometer, 1 watt. 
R7 — 4700 ohms, 1 watt. 
R9 — 0.47 megohm, 1 watt. 

Fig. 6-115 — Under the 
final-amplifier/modulator 
chassis. The toggle switch 
controlling the 'phone-
c.w. relays is shown in the 
lower left-hand corner of 
the chassis. 

not affect the reading of the meter. However, 
R2, Fig. 6-114, in the filament center-tap of the 
final amplifier, is a lower-resistance shunt that 
multiplies the meter-scale reading by ten. A 
separate milliammeter, MA2, is provided for 
checking modulator cathode current, while the 
a.c. voltmeter, V, Fig. 6-114, serves as a check 
on filament voltage. 

Switch 82 is the 'phone-c.w. switch. When it 

2A3 
.2 

6SFS 6147 

r .:OD. 

10 

TO M 

OUTPUT 

L-770 +600V. 

TO PINS 5 
AND 6 OF 
ON EXCITER 

ONO. 

 0 e „ 

FROM 
 ° EXCITER 

Rio — 1500 ohms, 1 watt. 
Ru, Ris — 0.1 megohm, 1 watt. 
Ris, R14, Ris — 0.22 megohm, 3,¡ watt. 
Rui — 15,000 ohms, 15 watts. 
R17 — 4500 ohms, 35 watts. 
Ris — 750 ohms, 10 watts. 
ji — Microphone jack. 
Ti — Filament transformer, 2.5 volts, 2.5 ampere-

(Stancor P-4082). 
T2 — Output transformer to match p.p. 2A3s to Class 

B grids (Stancor A-4212). 
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is closed for c.w. operation, Ryi short-circuits 
the output of the modulator and Ryi opens the 
high-voltage line to the speech amplifier. 

Building the Final Amplifier 

In Fig. 6-113, the dual-section variable con-
denser for the plate circuit, C8, Fig. 6-114, is 
mounted centrally on the chassis on small 
ceramic stand-off insulators. A large ceramic-
insulated coupling must be used between the shaft 
of this condenser and the dial. The jack-bar for 
the plug-in plate coils is fastened to the con-
denser frame with small angle pieces. Sockets 
for the 5514s are mounted just far enough 
apart to permit mounting the neutralizing 
condensers in between, while the grid tank 
condenser is fastened directly to the chassis 
at the right. The plate by-pass condenser, C6, 
and r.f. choke are to the left of the plate tuning 
condenser. 
The amplifier grid-tank coils are grouped 

closely around the triple-gang selector switch, 
Si, shown at the right-hand side in Fig. 6-115. 
The switch is mounted on a metal bracket 
about halfway back to the rear edge. The 7-
and 3.5-Mc, coils are mounted on ceramic 
stand-off insulators on the side of the chassis 
and to the rear. The 28-Mc, coil is mounted 
on small angle brackets just to the left of the 
bandswitch and the 14-Mc, coil to the rear of 
the switch. The parasitic-trap circuits, Lei 
and L6C2, supported by the grid leads, are 
placed as close as possible to the grid pins of 
the tube sockets. The grid resistors are mounted 
on a terminal board fastened to the side of the 
chassis, just forward of the coil-selector switch. 
The modulator occupies the left-hand side of 

the chassis in Fig. 6-113. The modulation trans-
• former, T3, Fig. 6-114, is placed as close to 

the edge of the chassis as possible with the two 
5514s directly to the rear. Two 0.0015-µfd. 
condensers in parallel make up the required 

Fig. 6.117— A 1250-volt 550-ma. and 600. 
volt 200-ma, dual power supply. Components 
are mounted both above and below the 
17 X 13 X 4-inch chassis. Close to the panel 
are the filter choke, L4., the filter condensers, 
Ci and C2, and the 1250-volt transformer, Ti. 
Along the rear aro the 866 Jrs., the choke, Li, 
and the 8tets. The female socket at the left is 
for the a.e, fine to the filament transformers 
on the other chassis. The toggle switch selects 
the proper tap on the primaries of the filament 
transformers to partially compensate for low 
or high line voltage and the male Amphenol 
socket it for the a.c. Input line from the safety 
switches on the top and back doors. The 
Millen safety terminal to the right of the tog-
gle switch is the 600-volt output terminal 
while the one near the right-hand edge of the 
chassis is for the high-voltage output. At the 
extreme right-hand edge of the chassis is the 
ground connection, a banana jack mounted 
on a small spacer. 
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0.003-ufd. capacitors for C7 and C8 alert these 
are fastened directly across the transformer 
input and output terminals. The high-voltage 
conaection is made to the center-tap of the 
primary of T3 and fed through a ceramic feed-
through insulator in the chassis. The two fila-
ment transformers for the 5514s, Ti and Tz, 
and the bleeder resistors for the 1250-volt 
supply, R7 and R8, Fig. 6-114, also are mounted 
underneath the chassis of this unit. 
The relay just below the filament transform-

ers is Ryi which short-circuits the modula-
tion transformer during c.w. operation. The 
smaller relay at the bottom is Ryi, the supply-
voltage control relay for the speech amplifier. 
The three meters are mounted above the 

tuning controls on the final-amplifier panel, 
while the meter switch, S4, is located under the 
chassis at the center of the front edge of the 
same unit. Connections between the switch 
and the exciter unit are made through the 
cabling system. 
Banana-plug jacks for r.f. link input and 

audio input to the modulator, a 115-volt line 
plug for the filament transformers, the high-
low filament switch, S3, Fig. 6-114, a Millen 
safety terminal for the high-voltage connection 
and another banana-plug jack for ground con-
nection are mounted along the rear edge. 

Speech Amplifier 

The speech amplifier is a separate unit built 
on a 5 X 10 X 3-inch chassis that shares the 
same panel as the exciter unit. It is designed for 
use with a crystal microphone but, by altering 
slightly the circuit shown in Fig. 6-116, any 
type of microphone may be used. A 6J7 input 
stage is followed by a high-gain triode stage 
with a 6SF5. A 6N7 phase inverter feeds a 
pair of 2A3s in push-pull which drive the 5514 
modulator stage. The gain control is inserted 
in the grid of the second stage. Low-capaci-
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tance coupling condensers are used throughout 
to reduce low-frequency response. 

In Fig. 6-111, the 6J7 input tube is at the 

TO FILS 
49" FIL 600V 12 50V 

53 \S‘ • 5, 

+1250V 

HIG14 

LOW 

Fig. 6-118 — Circuit diagram of the dual power supply 
for the medium-power bandswitching transmitter, de-
livering 1250 volts at 550 ma. and 600 volts at 200 ma. 
CI, Ci — 4-ufd. 2000-volt filter condenser (C-D TJU 

20040). 
Ca — 2-ufd. 1000-volt filter condenser (C-D TJU 10020). 
C.4 — 4-ufd. 1000-volt filter condenser (C-D TJU 

10040). 
Ri — 0.5 megohm, 5 watts. 
112 - 0.5 megohm, 2 watts. 
Li — Swinging choke, 5-20 hy., 550 ma., 75 ohms 

(Thordarson T-19C38). 
Li - Smoothing choke, 8 hy., 550 ma., 75 ohms (Stan-

cor CI415). 
Ls - Swinging choke, 6-19 hy., 300 ma., 125 ohms 

(Thordarson T-19C36). 
Ls - Smoothing choke, 11 hy., 300 ma., 125 ohms 

(Thordarson T-15C46). 
11, IT., fa — 115-volt indicator lamps. 
Si, Si - D.p.s.t. push-button interlock switch. 
Si, S4, Se5 S.p.s.t. toggle switch. 
S4 D.p.d.t. toggle switch. 
Ti — Plate transformer, 1250 volts each side of center, 

550 ma. (Stancor P8027). 
T2 - Plate transformer, 600 volts each side of center, 

200 ma. (Stancor P8042). 
T., T4 - Rectifier filament transformer, 2.5 volts, 

center-tapped, 10 amperes; 10,000-volt insula-
tion (Stancor P3025). 
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front of the speech-amplifier chassis with its 
input resistor and shielded lead to the micro-
phone terminal. The 6SF5 is located a little to 
the rear and to the left of the 6N7 phase in-
verter. The two 2A3 driver tubes occupy the 
center of the chassis, directly in front of the 
driver transformer and the 2 -volt transformer 
for the 2A3 filaments, 7'1, Fig. 6-116. The Na-
tional FWJ output terminal is at the center of 
the back end of the chassis. 
Under the chassis, the gain control, 14, is at 

the lower left as viewed from the rear. The 
voltage-divider resistors, Rie and R17, are 
mounted along the left-hand side of the chassis 
and the internal terminal strip along the right-
hand side. Holes in the rear cut with a socket ' 
punch allow entrance of the leads from the two 
transformers mounted above. 
The grid lead of the 6SF5 is run through 

grounded shielding braid. Connections to the 
terminal strip are cabled and fed through 
rubber-grommetted holes in the sides of the 
chassis to appropriate external terminals. A 
bottom plate covers the chassis of this unit. 

Power Supplies 

Two power supplies provide plate voltage for 
all tubes in the transmitter. A 600-volt 200-ma. 
section supplies voltage for the 807 and, 
through voltage dividers and series voltage-
dropping resistors, voltage for the exciter and 
speech-amplifier tubes as well. A single 1250-
volt 550-ma. section provides plate voltage for 
the four 55143 in the final amplifier and modu-
lator. Both supplies are assembled on a single 
17 X 13 X 4-inch chassis behind a 14-inch 
panel that occupies the lower part of the trans-
mitter cabinet. 
The circuits are shown in Fig. 6-118. Si and • 

82 are interlock switches that operate when the 
rear door and hinged top lid of the cabinet are 
opened and closed. The control switches, S3, 
S4 and Si, are arranged so that neither of the 
high-voltage transformers can be turned on 
before the filament switch, Si, is closed, nor 
can the 1250-volt supply be turned on until the 
600-volt switch, S4, has been thrown. In opera-
tion, S5 is closed and then 84 serves to control 
both plate supplies simultaneously. Signal 
lamps Ii, /2 and 13 are provided for each switch. 

Figs. 6-117 and 6-119 show the general place-
ment of parts, which will probably vary some-
what in individual cases depending upon the 
available components. The chassis is fastened 
to the panel 2 inches up from the bottom edge, 
and large side brackets are used to add strength 
to the assembly. To provide sufficient room, it 
may be necessary to cut and bend the chassis 
lip at certain points so that the unit may be 
fastened to the edge of the cabinet. Wire with 
high-voltage insulation should be used for all 
except the primary circuits. 
The three pilot lamps are mounted in the 

upper part of the panel, while the three toggle 
switches, S3, 84 and S6, are along the bottom 
edge. Line a.c. input and high-voltage output 
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Fig. 6-119 — Bottom view of the dual 
power supply. The two rectifier fila-
ment transformers, Ts and T4, are at 
the right with sockets for the 866As to 
the rear. The sockets for the 866 kg. 
in the 600-volt sunnlv are located un-
der the filter condensers, Ca and C4, in 
the upper left-hand corner. Switches for 
control of the a.c. lines are set in the 
front edge of the chassis. The lip of the 
chassis is turned down to make room 
for mounting of the 600-volt trans-
former, T2, at the lower left. The filter 
choke for the low-voltage supply, 
L3 — lower center — is supported on 
an aluminum bracket near the panel to 
allow space for switches and associated 
wiring. The choke Li is above. 

connections are made at the back, Millen 
safety terminals being provided for the latter. 

Tuning Procedure 

The tuning procedure is quite simple. The 
'phone-c.w. switch should be in the c.w. posi-
tion. With the key connected to the buffer 
only, set the exciter and final-grid band-
switches for 28-Mc. output. Set the meter 
switch to read oscillator plate current (Position 
1). With a 3.5-Mc, crystal, the cathode-coil 
switch should be open; for a 7-Mc, crystal, it 
should be closed. Switch on the 600-volt sup-
ply and, without closing the key, rotate the os-
cillator plate tank condenser to resonance as 
indicated by a dip in plate current. Switch the 
meter to the first doubler (Position 2) and ro-
tate the first-doubler tank condenser for a 
similar resonance-indicating dip. Cheek the 28-
Mc. doubler stage in like manner. 
With these driver stages tuned to resonance, 

close the key and rapidly rotate the 807 tank 
condenser for resonance. Then adjust the grid 

current to the final amplifier by rotating the 
final-amplifier grid condenser. It may be neces-
sary to retune the plate circuit of the 807 to 
bring it back to resonance after adjusting the 
final-grid tuning. Grid current to the final 
should read 80 to 100 ma. 
The final amplifier should then be neutral-

ized in the usual manner. After neutralizing, 
voltage may be applied to the final and the out-
put tank resonated and the amplifier loaded in 
conventional manner. 

'Phone Operation 

For 'phone operation the plate supplies are 
switched off and the 'phone-c.w. switch 
changed to the 'phone position. The key should 
be closed or the keying plug removed entirely 
from the jack. First the 600-volt and then the 
1250-supply should be switched on, then the 
gain control adjusted to proper level after which 
the 600-volt supply switch alone may be used 
to control the transmitter by leaving the high-
voltage supply switch in the " on" position. 

Rack Construction 

Most of the units described in the construc-
tional chapters of this Handbook are designed 
for standard rack mounting. The assembly 
of a selected group of units to form a complete 
transmitter is, therefore, a relatively simple 
matter. While standard metal racks are avail-
able on the market, many amateurs prefer to 
build their own less expensively from wood. 
With care, an excellent substitute can be made. 
The plan of a rack of standard dimensions is 

shown in Fig. 6-120. The rack is constructed 
entirely of 1 X 2-inch stock of smooth pine, 
spruce or redwood, with the exception of the 
trimming strips, M, N, 0 and P. Since the ac-
tual size of standard 1 X 2-inch stock runs 
appreciably below these dimensions, a mueh 

sturdier job will result if pieces are obtained 
cut to the full dimensions. 
Each of the main vertical supporting mem-

bers of the wooden rack is comprised of two 
pieces (A and B, and I and J) joined together 
at right angles. Each pair of these members is 
fastened together by No. 8 flat-head screws, 
with heads countersunk. 

Before fastening these pairs together, pieces 
A and J should be made exactly the same 
length and drilled in the proper places for the 
mounting screws, using a No. 30 drill. The 
length of pieces A, J, B and I should equal the 
total height of all panels required for the trans-
mitter plus twice the sum of the thickness and 
width of the material used. If the dimensions 
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of the stock are exactly 1 X 2 inches, then 6 
inches must be added to the sum of the panel 
heights. An inspection of the top and bottom 
of the rack in the drawing will reveal the reason 
for this. The first mounting hole should come 
at a distance of 34.  inch plus the sum of the 
thickness and width of the material from 
eher end of pieces A and J. This distance will 
be 3% inches for stock exactly 1 X 2 inches. 
The second hole will come 1% inches from the 
first, the third 34 inch from the second, the 
fourth 1% inches from the third and so on, 
alternating spacings between h inch and 1W; 
inches (see detail drawing Fig. 6-121). All holes 
should be placed % inch from the inside edges 
of the vertical members. Accompanying Table 
6-V shows standard panel heights and drilling 
dimensions. 
The two vertical members are fastened to-

gether by cross-member K at the top and L at 
the bottom. These should be of such a length 
that the inside edges of A and J are exactly 
1734 inches apart at all points. This will bring 
the lines of mounting holes 18% inches center 
to center. Extending back from the bottoms 
of the vertical members are pieces G and D 
connected together by cross-members L,Q and 
E, forming the base. The length of the pieces 
D and G will depend upon space requirements 
of the largest power-supply unit which will 
rest upon it. The vertical members are braced 
against the base by diagonal members C and H. 
Rear support for heavy units placed above the 
base may be provided by mounting angles on 
C and H or by connecting these members 
with cross-braces as shown at F. 
To finish off the front of the rack pieces of 

%-inch oak strip (M, N, 0, P) are fastened 
around the edges with small-head finishing 
nails. The heads are set below the surface and 
the holes plugged with putty or plastic 
wood. 
The top and bottom edges of M and 

0 should be % inch from the first mount-
ing holes, and the distance between the 
inside edges of the vertical strips, N 
and P, 193,16 inches. To prevent the 
screw holes from wearing out when 
panels are changed frequently, X Xs 
or 5,62-inch iron or brass strip may be used 
to back up the vertical members of the frame. 
The outside surfaces should be sandpapered 

thoroughly and given one or two coats of flat 
black, sandpapering between coats. A finishing 
surface of two coats of glossy black " Duco" 
is then applied, again sandpapering between 
coats. It is very important to allow each coat 
to dry thoroughly before applying the next, or 
sandpapering. 

Since the combined weights of power sup-
plies, modulator equipment, etc., may totat to 
a surprising figure, the rack should be provided 
with rollers or wheels so that it may be moved 
about when necessary after the transmitter 
has been assembled. Ball-bearing roller-skate 
wheels are suitable for the purpose. 

A 
made of wood. Fig. 6-120 — Detail drawing of a standard rack 

A—Side view. B — Front view. C — Top view. 

Standard metal chassis are 17 inches wide. 
Standard panels are 19 inches wide and multi-
ples of 1% inches high. Panel mounting holes 
start with the first one % inch from the edge of 
the panel, the second 1% inches from the first, 
the third A inch from the second, the fourth 
1% inches from the third, and the distances 
between holes from there on alternated be-
tween 56 inch and 131,, inches. (See Fig. 6-121.) 
In a panel higher than two or three rack units 
(1 3% inches per unit), it is common practice to 
drill only sufficient holes to provide a secure 
mounting. All panel holes should be drilled % 
inch in from the edge. 

If desired, the rack may be enclosed by com-
pleting a framework of one-by-two strip, using 
%-inch plywood for the panels. The panels 
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• 
Fig. 6-121 — Detail sketch showing proper drill-
ing for standard rack and panels. As shown for 
the 3%. and 5%-inch panels, only sufficient holes 
are drilled in the panel to provide the necessary 
strength. When the panels are drilled as shown, 
they may be moved up and down in steps of 
14 inches and the holes will always match. 

• 

may be hinged so that three sides are made 
accessible for servicing. If the transmitter 
is to be operated in an enclosure, provision 
should be made for a small amount 
of forced-air ventilation; otherwise the 
panels should be open while the trans-
mitter is in operation. 

P4 K 

14 iess‘s 

1*. 

2 
FI.171Sh /lads 

Flat head screws 
under trim 

TABLE 6-V 

Pend Height (Inches) 1% 3% 3% 7 8% 10% 12% 14 15% 

Panel* % 2 3% 5% 7% 9 10% 12% 14% 
Drilling (Inches) 134 3% 5 6% 8% 10% 12 13% 15% 

Pend Height (Inches) 1734 19% 21 22% 24 % 26% 28 29% 31% 

Pend* 16 17% 19% 21% 23 24% 26% 28% 30 
Drilling (Inches) 17% 19 20% 22% 24% 26 27% 29% 31% 

*Additional holes for this size panel. Any or all ioles given for panels smaller than this size may be added, as required 
for support. 
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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. 

/I5V AC LINE 

II5V AC 

PLATE 
TRANSFORMER 

iliqh A C. 
Voltage 

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 

High -voltaae rectihedA.C. ifigh-Voltate 
(pulsa'tm9 OC) D.C. (ripple) 

115V. AC LINE 

RECTI FIER 

NYY1  

Low- voltage Ac, 

FILAMENT „ 
TRANS 

XM TR FILAMENTS 

The filaments of tubes in a transmitter may 
be operated from a.c. Those in a receiver, ex-
cepting the power audio tubes, may be a.c. 
operated only if the cathodes are indirectly 
heated. 
The comparative high cost and inconvenience 

of batteries and d.c. generators preclude their 

FILTER 
 11.• 

TO XMTR. PLATES 

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. Imp 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 circuits 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 in 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 pulsating 
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. 

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 
the load to the center-tap. Current cannot flow 
through 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 
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Fig. 7-2 — Fundamen-
tal vacuum-tube recti-
fier circuits. 

load to the center-tap, this time 
through rectifier No. 2. 
The average output voltage 

is 0.9 times the r.m.s. 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. 

Lint 

o  

Full- Wave Bridge Rectifier 

Another full-wave rectifier circuit is shown in 
Fig. 7-20. 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 in 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 in respect to its cathode. Over the 
other half of the cycle, current flows through 
rectifier No. 3, through the load and thence 
through rectifier No. 4. The crossover con-
nection keeps the current flowing in the same 
direction through the load. The output wave-
shape is the same as that from the simple 

(B) 
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Output waveforms 

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 same 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 

Cold-Cathode Rectifiers 

Tube rectifiers fall into three general classi-
fications as to type. The cold-cathode type of 
rectifier is a diode which requires no cathode 
heating. Certain types will handle up to 350 
ma. at 200 volts d.c. output. The internal 
voltage drqp in most types lies between 60 and 
90 volts. Rectifiers of this kind are 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 
internal resistance. For this reason, their appli-
cation usually is limited to low power, al-
though 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 
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them less susceptible to damage front.' tempo-
rary overload and they are free from the both-
ersome electrical noise sometimes associated 
with other types of rectifiers. 
Some rectifiers of the high-vacuum full-

wave type in the so-called receiver-tube classi-
fication will handle up to 250 ma. at 400 to 
500 volts d.c. output. 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 rectifiers 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 re-
sistance is reduced by the introduction of a 
small amount of mercury which vaporizes un-

Fig. 7.3 — Connecting recti-
fiers in parallel for heavier 
currents. RI and R2 should 
have the same value, between 
50 and 100 ohms. 

der the heat of the filament, the vapor ionizing 
upon the application of voltage. The voltage 
drop through a rectifier of this type is practi-
cally constant at approximately 15 volts 
regardless of the load current. Tubes of this 
type are produced in sizes that will handle 
any voltage or current likely to be encoun-
tered in amateur transmitters. For high power 
they have the advantage of cheapness. Recti-
fiers of this type., however, have a tendency 
toward a certain type of oscillation which 
produces noise in near-by receivers. When en-
countered, this can usually be eliminated by 
suitable filtering. 

Selenium Rectifiers 

Selenium rectifiers for power applications 
are a comparatively recent development. Units 
are now available with which it is possible to 
design a power supply capable ofidelivering 
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). 
Since they develop little heat if operated 
within their ratings, they are especially suitable 
for use in equipment requiring minimum tem-
perature variation. Electrical noise filtering 
sometimes is required. 

Rectifier Ratings 

Vacuum-tube rectifiers are subject to limita-
tions as to breakdown voltage and current-
handling capability. Some types are rated in 
terms of the maximum r.m.s. voltage which 
should be applied to the rectifier plate, while 

others, particularly mercury-vapor types, are 
rated according to maximum inverse peak volt-
age — the peak voltage which appears between 
plate and cathode during the time the tube is 
not conducting. In all of the circuits shown in 
Fig. 7-2, the inverse peak voltage across each 
rectifier is 1.4 times the r.m.s. value of the 
voltage delivered by the entire transformer 
secondary. 
The maximum d.c. output current is the 

maximum load current which can be drawn 
safely from the output of the filter. The value 
listed in tube tables is the value considered to 
be the safe maximum under average condi-
tions. The exact value is dependent to a con-
siderable extent, however, upon the nature of 
the filter that follows the rectifier. 
A more significant rating is the maximum 

peak plate current. It is the peak value of the 
current pulses passing through the rectifier. 
This peak value can be much greater than the 
load current, especially if a large condenser is 
placed across the output of the rectifier as 
part of the filtering system, because of the large 
instantaneous charging current drawn by the 
condenser if there is no impedance between the 
rectifier and the condenser. These peaks do not 
run as high with high-vacuum-type rectifiers 
as they do with rectifiers of the mercury-
vapor type because of the relatively high series 
resistance of the former. 

Rectifiers may be connected in parallel for 
current higher than the rated current of a 
single unit. This includes the use of the sec-
tions of a double diode for this purpose. Equal-
izing resistors of 50 to 100 ohms should be con-
nected in series with each plate, as shown in 
Fig. 7-3, as a measure toward maintaining an 
equal division of current between the two 
rectifiers. 

Operation of Rectifiers 

In operating rectifiers requiring filament or 
cathode heating, care should be taken to pro-
vide the correct filament voltage at the tube 
terminals. Low filament voltage can cause ex-
cessive voltage drop in high-vacuum rectifiers 
and a considerable reduction in the inverse 
peak voltage which a mercury-vapor tube will 
withstand without breakdown. Filament con-
nections to the rectifier socket should be firmly 
soldered, particularly 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 filament trans-
formers with high-voltage insulation between 
primary and secondary are required for recti-
fiers operating at voltages in excess of 1000 
volts inverse peak. 
The rectifier tubes should be placed in the 
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equipment with adequate free space surround-
ing them to provide for proper ventilation. 
When mercury-vapor tubes are first placed in 

service, they should be allowed to run only witlt 
filament voltage for ten minutes before ap-
plying high voltage. 

Filters 

The pulsating d.c. wave shown in Fig. 7-2 
is not sufficiently smooth to prevent modula-
tion. A filter consisting of chokes and condens-
ers, as shown in Fig. 7-4, is connected between 
the rectifier output and the load circuit (trans-
mitter or receiver) to smooth out the wave to 
the required degree. 
The filter makes use of the energy-storage 

properties of the inductance of the choke and 
the capacitance of the condenser, energy being 
stored over the period during which the voltage 
and current are rising and releasing it to the 
load circuit during the period when the ampli-
tude of the pulse is falling, thus leveling off 
the output by both lopping off the peaks and 
filling in the valleys. 

Ripple Frequency and Voltage 

The pulsations in the output of the rectifier 
can bé considered to be the resultant of an 
alternating current superimposed upon a 
steady direct current. From this viewpoint, the 
filter may be considered to consist of shunting 
condensers which short-circuit the a.c. com-
ponent while not interfering 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 rip-

ple. The effectiveness of the filter can be ex-
pressed in terms of per cent ripple which is 
the ratio of the r.m.s. value of the ripple to 
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Fig. 74 — Choke-input filter circuits. A — Single sec-
tion. B — Double section. 

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 trans-
mitters and VFOs should be reduced to 0.25 
per cent or less. High-gain speech amplifiers 
and receivers may require a reduction to as 
low as 0.1 per cent to avoid objectiotAble hum. 

Ripple frequency is the frequency of the pul-
sations in the rectifier output wave — the num-
ber 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 

3 4 S 6 78310 20 

C ()stet) 

Fig. 7-5— Graph showing combinations of inductance 
and capacitance that may be used to reduce ripple to 
5 per cent with a single-section choke-input filter. 

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. 
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 
frequency is lower. 

• CHOKE-INPUT FILTERS 
The filters shown in Fig. 7-4 are known as 

vhoke-input filters because the first element 
in the filter is a choke. This term is used in 
contrast to a condenser-input filter in which the 
first element is a condenser. 
The percentage ripple output from a single-

section filter (Fig. 7-4A) made up of any 
values of inductance and capacitance may be 
determined to a close approximation from the 
following formula: 

Single- 1 100 
Section } Percentage ripple = — 
Filter j LC 

where L is in hy. and C in pfd. 

Example: L 5 hy., C = 4 µfd. 
100 100 

Percentage ripple = — — 5 per cent 
(5) (4) 20 

Fig. 7-5 shows various other combinations 
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of inductance and capacitance which will re-

dike the ripple to 5 per cent — the required 

minimum reduction for a supply for a c.w. 

transmitter. 

Example: With a 10-hy. choke, what capaci-
tance is required to reduce the ripple to 5 per 
cent? 

Referring to Fig. 7-5, following the 10-hy. 
line horizontally, it intersects the ripple line at 
the 2-5fd. vertical line. Therefore the filter ca-
pacitance should be 2 iifd. 

Example: With a 4-5fd. condenser, what 
choke inductance is required to reduce the 
ripple to 5 per cent? 

Follow the vertical C 4-pfd. line to the-point 
where it intersects the ripple line; then follow 
the horizontal line at that point to read 5 hy., 
the required inductance. 

Double-Section Filter 

If sufficient smoothing cannot be obtained 

with a single set of inductance and capacitance 

of reasonable value (Fig. 7-4A), another sec-
tion of filter may be added as shown at B. 

In cases where the ripple must be reduced to 

less than 5 per cent, the required smoothing 

usually can be obtained most economically by 

the use of a two-section filter. 

The ripple percentage in the output of a 
double-section filter, when the ripple frequency 

is 120 cycles, is given by: 

Double-

Section Percentage ripple — 
Filter 

L being in hy. and C in dd. 

Example: Li = 5hy.,L2= 20 hy., Ci = 2 5fd., 
C2 = 4 5fd. 

650  

LiL2 (C1 -1- C2)2 

650  050 
Percentage ripple = 

(5) (20) (2 4)2 3600 
= 0.18 per cent 

The curves of Fig. 7-6 show the product of 
the inductances and sum of the capacitances 
which will reduce the ripple to 5 per cent., 0.25 

per cent or 0.1 per cent. In the above example, 

the product of the inductances is 5 X 20 = 

100, and the sum of the capacitances is 

2 4 = 6. In Fig. 7-6 the horizontal line from 

C1 -I- C2 = 6 intersects the vertical line from 

L1 X L2 = 100 at a point between the 0.25 

and 0.1 per-cent-ripple line. 

Reversing the process, select any point on 

the desired ripple-percentage line, follow the 
horizontal graph line out to the left to find the 

required product of inductances and the verti-
eal line down from the same point to find the 

required sum of the capacitances. 

Example: Suppose two filter chokes are at 
hand, one with an inductance of 5 by. and the 
other an inductance of 10 hy. The product is 
5 X 10 = 50. If it is desired to reduce the rip-
ple to 0.25 per cent, follow the horizontal line at 
50 to the right until it intersects the 0.25 per 
cent line. At this point, follow the vertical line 
down to 7.5, which is the required sum of the 
capacitances. Two 4-µfd. condensers (sum 8) 
will be suitable. 

When the line frequency is other than 60 

cycles, the values of both inductance and ca-

pacitance should be multiplied by the ratio of 

60 to the actual line frequency to obtain the 

same degree of filtering. 

Example: Line frequency = 25 cycles. Multi-
plying factor to be applied to values of induc-
tance and capacitance based on 60 cycles = 
60/25 = 2.4. For a line frequency of 50 cycles 
the factor would be 60/50 = 1.2. 

In the case of a half-wave rectifier, the value 

of each inductance and capacitance in the filter 

arrived at on the basis of a ripple frequency of 

120 cycles must be doubled. It requires twice 

as much inductance and capacitance for the 

same degree of filtering with the half-wave 

circuit. 

From the consideration of ripple reduction, 

any combination of inductances and capaci-

tances which will give the required product and 

sum respectively will give the same ripple 

reduction. However, two other factors must 

be taken into consideration in the design of the 

filter. These are the peak rectifier current and 
voltage regulation. 

Voltage Regulation 

Unless the power supply is designed to pre-
vent it, there may be a considerable difference 

between the output-terminal voltage of the 

supply when it is running free without an 

external load and the value when the external 

load is connected. Application of the load usu-

ally will be accompanied by a reduction in 

terminal voltage and this must be taken into 

consideration in the design of the supply. 

Regulation is commonly expressed as the per-

centage change in output voltage between no-

load and full-load conditions in relation to the 

full-load voltage. 

100 (Er — E2) Per cent regulation — 
E2 

Example: No-load voltage = Et = 1550 volts. 
Full-load voltage = E2 = 1230 volts. 

Percentage regulation = 100 ( 1550 — 1230) 
1230 

32,000 
— 26 per cent 
1230 

With proper design and the use of conserva-
tively-rated components, a regulation of 10 

per cent or less at the output terminals of the 

supply unit is possible. Good voltage regulation 

may or may not be of primary importance 

depending upon the nature of the load. If the 

load is constant, as in the case of a receiver, 

speech amplifier or the stages of a transmitter 

which are not keyed, voltage regulation, so 

far as that contributed by filter design is con-

cerned, may be of secondary importance. 

The highly-stabilized voltage desirable for 

high frequency-stability of oscillators in receiv-

ers and transmitters is obtained by other 

means. Power supplies for the keyed stage of 

a c.w. transmitter and the stages following, 

and for Class B modulators, should have good 

regulation. 
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The Input Choke 

The rectifier peak current and the power-
supply voltage regulation depend almost en-
tirely upon the inductance of the input choke 
in relation to the load resistance. The function 
of the choke is to raise the ratio of average to 
peak current (by its energy storage), and to 
prevent the d.c. output voltage from rising 
above the average value of the a.c. voltage ap-
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Fig. 7-6— Chart which may be used in determining values of 
inductance and capacitance necessary to reduce ripple to 5, 
0.25 or 0.1 per cent with a 2-section choke-input filter. Con-
versely, the approximate ripple to be expected with any combi-
nation of inductance and capacitance may be found. The ver-
tical axis is in terms of the sum of the two condenser capaci-
tances used, while the horizontal axis is in terms of the product 
of the inductances of the two filter chokes. 

plied to the rectifier. For both purposes, its 
impedance to the flow of the a.c. component 
must be high. 
The value of input-choke einductance which 

prevents the d.c. output voltage from rising 
above the average of the rectified a.c. wave is 

the critical inductance. For 120-cycle ripple, it 
is given by the approximate formula: 

Load resistance (ohms) 
Lorit. 

1000 
For other ripple frequencies, the inductance 

requited will be the above value multiplied by 
the ratio of 120 to the actual ripple frequency. 

With inductance values less than critical, 
the d.c. output voltage will rise because the 

filter tends to act as a condenser-input 
filter. With critical inductance, the peak 
plate current of one tube in a center-tap 
rectifier will be approximately 10 per cent 
higher than the d.c. load current taken 
from the supply. 
An inductance of twice the critical value 

is called the optimum value. This value 
gives a further reduction in the ratio of 
peak-to-average plate current, and repre-
sents the point at which further increase 
in inductance does not give correspond-
ingly improved operating characteristics. 

Swinging Chokes 

The formula for critical inductance indi-
cates that the minimum inductance re-
quired varies widely with the load resist-
ance. In the case where there is no load 
except the bleeder on the power supply, 
the critical inductance required is the 
highest; much lower values are satisfac-
tory when the full-load current is being 
delivered. Since the inductance of a choke 
tends to rise as the direct current flowing 
through it is decreased, it is possible to 
effect an economy in materials by design-
ing the choke to have a " swinging" char-
acteristic so that it has the required 
critical inductance value with the bleeder 
load only, and about the optimum induct-
ance value at full load. If the bleeder re-
sistance is 20,000 ohms and the full-load 
resistance (including the bleeder) is 2500 
ohms, a choke which swings from 20 
henrys to 5 henrys over the full output-
current range will fulfill the requirements. 
With any given input choke, the bleeder 
resistance (or other steady minimum load) 
should be 1000 times the maximum in-
ductance of the choke in henrys. 

Example: With a swinging choke of 5 to 20 
by., the bleeder resistance (or the resultant of 
the bleeder plus other steady load in parallel) 
should not exceed (20) (1000) =, 20,000 ohms. 

Output Condenser 
If the supply is intended for use with 

an audio-frequency amplifier, the react-
ance of the last filter condenser should be 
small (20 per cent or less) compared to the 

other a.f. resistance or impedance in the cir-
cuit, usually the tube plate resistance and load 
resistance. On the basis of a lower a.f. limit 
of 100 cycles for speech amplification, this con-
dition usually is satisfied when the output 
capacitance (last filter capacitance) of the filter 

• 
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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 
rectifier peak currents and abnormally-high 
inverse peak voltages. For full-wave rectifica-
tion the ripple frequency will be 120 cycles for 
a 60-cycle supply, and resonance will occur 
when the product of choke inductance in 
henrys times condenser capacitance in micro-
farads is equal to 1.77. The corresponding 
figure for 50-cycle supply (100-cycle ripple 
frequency) is 2.53, and for 25-cycle supply 
(50-cycle ripple frequency), 13.5. At least 
twice these products should be used to ensure 
against resonance effects. 

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: 

(lb + IL) (RI + R2) E. = 0.9Et — — Er 
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 /1, are the bleeder and load currents, 
respectively, in milliamperes; R1 and R2 are 
the resistances of the first and second filter 
chokes; and Er is the drop between rectifier 
plate and cathode. These voltage drops are 

Pri 

o 

Fig. 7-7 — Diagram showing various voltage drops 
that must be taken into consideration in determining 
the required transformer voltage to deliver the desired 
output voltage. 

shown in Fig. 7-7. At no load IL is zero, hence 
the no-load voltage may be calculated on the 
basis of bleeder current only. The voltage regu-
lation may be determined from the no-load 
and full-load voltages. 

• CONDENSER-INPUT FILTERS 
The conventional condenser-input filter is 

• 

shown in Fig. 7-8A. No simple formulas are 
available for computing the ripple voltage, 
but it will be smaller as both capacitance and 
inductance are made larger. Adequate smooth-
ing for transmitting purposes usually can be 
secured by using 4 to 8 lafd. at C1 and C2 and 
20 to 30 hy. at L1, for full-wave 60-cycle 
rectifiers. 
As in the ease of choke-input filters, if addi-

tional smoothing is required, another filter 
section may be added as shown in Fig. 7-8B. 
In such supplies the three condensers generally 
are 8 ¡dd. each, although the input condenser, 
C1, sometimes is reduced to 4 mfd. Inductances 
of 10 to 20 hy. each will give satisfactory fil-
tering, for receivers and similar applications, 
with these capacitance values. 
For ripple frequencies other than 120 cycles, 

the inductance and capacitance values should 
be multiplied by the ratio of 120/f, where f 
is the actual ripple frequency. 
The bleeder resistance, R, should be chosen 

to draw about 10 per cent or less of the rated 
output current of the supply. Its value is 
equal to 1000E//, where E is the output volt-
age and I the bleeder current in milliamperes. 
The ratio of rectifier peak current to average 

load current is high with a condenser-input 
filter. Small rectifier tubes designed for low-
voltage supplies (Type 80, etc.) generally carry 
load-current ratings based on the use of con-
denser-input filters. With rectifiers for higher 
power, such as the 866/866-A, the load current 
should not exceed 25 per cent of the rated 
peak plate current for one tube when a full-
wave rectifier is used, or one-eighth the half-
wave rating. 
The d.c. output voltage from a condenser-

input supply will, with light loads or no load, 
approach the peak transformer voltage. This 
is 1.41 times the r.m.s. voltage of the trans-
former secondary, in the case of Fig. 7-2A 
and C or 1.41 times the voltage from the cen-
ter-tap to one end of the secondary in Fig. 
7-2B. At heavy loads, it may decrease to the 
average value of secondary voltage or about 
90 per cent of the r.m.s. voltage, or even less. 
Because of this wide range of out put voltage 
with load current, the voltage regulation is 
inherently poor. 
The output voltage obtainable from a given 

supply with condenser input cannot readily be 
calculated, since it depends critically upon the 
load current and filter constants. Under aver-
age conditions the voltage will be approxi-
mately equal to or somewhat less than the 
r.m.s. voltage between the center-tap and one 
end of the secondary in the full-wave center-
tap rectifier circuit. 

Ratings of Components 

Although filter condensers in a choke-input 
filter are subjected to smaller variations in d.e. 
voltage than in the condenser-input filter, it is 
advisable to use condensers rated for the peak 
transformer voltage in case the bleeder resistor 
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Fig. 7.8 — Condenser-input filter circuits. A — Single 
section. B — Double section. 

0 C 
Output 

should burn out when there is no external 
load on the power supply, since the voltage 
then will rise to the same maximum value as 
with a condenser-input filter. 
In a condenser-input filter, the condensers 

should have a working-voltage rating at least 
as high and preferably somewhat higher, as a 
safety factor. 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 preferably a 1000-volt unit to allow 
a margin of safety. 

Filter condensers are made in several differ-
ent types. Electrolytic condensers, which are 
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available for voltages up to about 800, com-
bine high capacitance with small size, since 
the dielectric is an extremely-thin film of oxide 
on aluminum foil. Condensers for higher volt-
ages usually are made with a dielectric of thin 
paper impregnated with oil. The working volt-
age of a condenser is the voltage that it will 
withstand continuously. 
The input choke may be of the swinging 

type, the required no-load and full-load in-
ductance values being calculated as described 
above. The second choke (smoothing choke) 
should have constant inductance with varying 
d.c. load currents. 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 han-
dling 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 
inductance also decreases. Despite the air 
gap, the inductance 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 considerably higher than the value when full 
load current is flowing. 

The Plate Transformer 
Ou tput Voltage 

The output voltage which the plate trans-
former must deliver depends upon the re-
quired d.c. load voltage and the type of recti-
fier circuit. With condenser-input filters, the 
r.m.s. secondary voltage usually is made equal 
to or slightly more than the d.c. output volt-
age, allowing for voltage drops in the rectifier 
tubes and filter chokes as well as in the trans-
former itself. The full-wave center-tap rectifier 
requires a transformer giving this voltage 
each side of the secondary center-tap, the total 
secondary voltage being twice the desired d.c. 
output voltage. 

With a choke-input filter, the required r.m.s. 
secondary voltage (each side of center-tap 
for a center-tap rectifier) can be calculated 
by the equation: 

/(Ri + R2) + Er] Et = 1.1[E. + 
1000 

where E. is the required d.c. output voltage, 
I is the load current (including bleeder current) 
in ma., R1 and R2 are the resistances of the 
chokes, and Er is the voltage drop in the recti-
fier. Et is the full-load r.m.s. secondary voltage; 
the open-circuit voltage usually will be 5 to 10 
per cent higher than the full-load value. 

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 
because of the high ratio of peak to average 
current, consequently the volt-amperes con-
sumed by the 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 sec-
ondary 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 I 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 losses. 

Building Small Transformers and Chokes 

Power transformers for both filament heat-
ing and -plate supply for all transmitting and 
rectifying tubes are available commercially, 
but occasionally the amateur wishes to build a 
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transformer for some special purpose or has a 
core from a burned-out transformer on which 
he wishes to put new windings. 
Most transformers that amateurs build are 

for use on 115-volt 60-cycle supplies. The num-
ber of turns necessary on the 115-volt winding 
depends on the kind of iron used in the core 
and on the cross-sectional area of the core. 
Silicon steel is best, and a flux density of about 
50,000 lines per square inch can be used. This 
is the basis of the table of cross-sections given. 
An average value for the number of primary 

turns to be used is 7.5 turns per volt per square 
inch of cross-sectional area. This relation may 
be expressed as follows: 

No. primary turns 

where E is the primary voltage and A the num-
ber of square inches of cross-sectional area of 
the core. For 115-volt primary transformers 
the equation becomes: 

863 
No. primary turns = 

When a small transformer is built to handle 
a continuous load, the copper wire in the wind-
ings should have an area of 1500 circular mils 
for each ampere carried. (See Wire Table in 
Chapter Twenty-Four.) For intermittent use, 
1000 circular mils per ampere is permissible. 
The primary wire size is given in Table 

7-I; the secondary wire size should be chosen 
according to the current to be carried, as 
previously described. The Wire Table in 
Chapter Twenty-Four shows how many turns 
of each wire size can be wound into a square 
inch of window area, assuming that the 
turns are wound regularly and that no insu-
lation is used between layers. The primary 
winding of a 200-watt transformer, which 
has 270 turns of No. 17 wire, would occupy 
270/329 or 0.82 square inch if wound with 
double-cotton-covered wire, for example. This 
makes no allowance for a layer of insulation 
between the windings (in general, it is good 
practice to wind a strip of paper between 
each layer) so that the winding area allowance 
should be increased if layer insulation is to be 

used. The figures also hre based on accurate 
winding such as is done by machines; with 
hand-winding it is probable that somewhat 
more area would be required. An increase of 
50 per cent should take care of both hand-
winding and layer thickness. The area to be 
taken by the secondary winding should be 
estimated, as should also the area likely to be 
occupied by the insulation between the core 

Isr LAYER 2,o LAYER /57. LAYER 2,o [AYES 

CORE TYPE SHELL TYPE 

Fig. 7-9 — Two different types of transformer cores and 
their laminations. 

and windings and between the primary and 
secondary windings themselves. When the 
total window area required has been figured — 
allowing a little extra for contingencies — 
laminations having the desired leg-width and 
window area should be purchased. It may not 
be possible to get laminations having exactly 
the dimensions wanted, in which case the near-
est size should be chosen. The cross-section 
of the core need not be square but can be 
rectangular in shape so long as the core area is 
great enough. It is easier to wind coils for a 
core of square cross-section, however. 

Transformer cores are of two types, " core" 
and " shell." In the core type, the core is simply 
a hollow rectangle formed from two " L"-
shaped laminations, as shown in Fig. 7-9. 
Shell-type laminations are " E"- and " I"-
shaped, the transformer windings being placed 
on the center leg. Since the magnetic path 
divides between the outer legs of the " E," 
these legs are each half the width of the center 
leg. The cross-sectional area of a shell-type 
core is the cross-sectional area of the center 
leg. The shell-type core makes a better trans-

TABLE T-I 

Transformer Design 

Input 
(Watts) 

Full-Load 
Efficiency 

Size of No. of Turns Per 
Primary Wire Primary Turns Volt 

Cross-Section 
Through Core 

50 
75 
100 
150 
200 
250 
300 
400 
500 
750 
1000 
1500 

75% 
85 
90 
90 
90 
90 
90 
90 
95 
95 
95 
95 

23 
21 
20 
18 
17 
16 
15 
14 
13 
11 
10 
9 

528 
437 
367 
313 
270 
248 
248 
206 
183 
146 
132 
109 

4.80 
3.95 
3.33 
2.84 
2.45 
2.25 
2.25 
1.87 
1.66 
1.33 
1.20 
0.99 

1 " X 1 i"  

1% X 1% 

1% X 1% 

1% X 1 % 

1% x 
i% xi% 
1% XUi 
2 X2 

2% X23 
2% X 2% 
2% X 2% 
2% x2% 
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Core 

TABLE T-11 

Filtes-Choke' Design 

• L 
(He) 

Ma. 
Stack 
Size 

(Inches) 

Len oh 

Gap 
(Inches) 

Winding 
Form Turns Wire 

size Feet 
Long 
Piece 

Short 
Piece b e 

15 50 3. X h XX 2.2 %X 0.85 0.035 1 0.68 

0.67 

9500 

5000 

33 

30 

3500 

2250 10 100 % X % e4 X 2.6 
1 X 3.1 

5£ X 0.95 0.03 1 

16 100 1 X 1 1 X 0.9 0.035 0.96 0.85 4800 30 2550 

10 250 2 X 2 2 X 5.2 2 X 1 0.4 1.05 0.68 2000 28 1750 

20 250 2 X 2 2 X 5.6 2 X 1.2 0.28 1.43 0.95 4000 26 3820 

5 500 2 X .2 2 X 5.5 2 X 1.15 0.17 1.35 0.9 1800 23 1700 

4100 10 500 2 X 2 2 X 6.2 2 X 1.5 0.4 2 . 1.3 3800 23 

former than the core type, because it tends to 
prevent leakage of the magnetic flux. Calcula-
tions are the same for both types. 

Fig. 7-10 shows the method of putting the 
windings on a shell-type core. The primary is 
usually wound on the inside - next to the 
core - on a form made of fiber or several 
layers of cardboard. This form should be 
slightly larger than the core leg on which it is 
to fit so that it will be an easy matter to slip 
in the laminations after the coils are completed 
and ready for mounting. The terminals are 
brought out to the side. After the primary is 
finished, the secondary is wound over it, sev-
eral layers of insulating material being put be-
tween. If the transformer is for high voltages, 
the high-voltage winding should be carefully 
insulated from the primary and core by a few 
layers of Empire Cloth or tape. A protective 
covering of heavy cardboard or thin fiber 
should be put over the outside of the secondary 

End Piece 

Min 
fiber - 
or cardboard 

Fig. 7-10 - A conven-
ient method of assem-
bling the windings of a 
shell-type core. Wind. 
ings can be similarly 
mounted on core-type 
cores, in which case 
the coils areplaced on 
one of the sides. High. 
voltage core- type 
transformers some-
times are made with 
the primary on one 
core leg and the second-
ary on the' opposite. 

to protect it from damage and to prevent the 
core from rubbing through the insulation. 
Square-shaped end pieces of fiber or cardboard 
usually are provided to protect the sides of the 
windings and to hold the terminal leads in 
place. High-voltage terminal leads should be 
enclosed in Empire Cloth tubing or spaghetti. 

After the windings are finished the core 

should be inserted, one lamination at a time. 
Fig. 7-9 shows the method of building up 
the core. Alternate " E"-shaped laminations 
are pushed through the core opening from 
opposite sides. The " I"-shaped laminations 
are used to fill the end spaces, butting against 
the open ends of the " E"-shaped pieces. This 
method of building up the core ensures a good 
magnetic path of low reluctance. All lamina-
tions should be insulated from each other to 
prevent eddy currents from flowing. If there is 
iron rust or a scale on the core material, that 
will serve the purpose very well - otherwise 
one side of each piece can be coated with thin 
shellac. It is essential that the joints in the 
core be well made and be square and even. 
After the transformer is assembled, the joints 
can be hammered up tight using a block of 
wood between the hammer and the core to 
prevent damaging the laminations. If the 
winding form does not fit tightly on the core, 
small wooden wedges may be driven between 
it and the core to prevent vibration. Trans-
formers built by the amateur can be painted 
with insulating varnish or waxed to make them 
rigid and moistureproof. A mixture of melted 
beeswax and rosin makes a good impregnating 
mixture. Melted paraffin should not be used 
because it has too low a melting point. Double-
cotton-covered wire can be coated with shellac 
as each layer is put on. However, enameled 
wire should never be treated with shellac as it 
may dissolve the enamel and hurt the insula-
tion, and it will not dry because the moisture 
in the shellac will not be absorbed by the in-
sulation. Small transformers can be treated 
with battery compound after they are wound 
and assembled. Strips of thin paper between 
layers of small enameled wire are necessary to 
keep each layer even and to give added insula-
tion. Thick paper must be avoided since it 
keeps in the heat generated in the winding so 
that the temperature may become danger-
ously high. 
Keep watch for shorted turns and layers. If 

just a single turn should become shorted in the 
entire winding, the voltage set up in it would 



242 CHAPTER 7 

p ---H7  AIR GAP 
—F1T 

.—SHORT CORE PIECE 

—.LONG CARE PIECE 

WINDING 
SPACE 

Fig. 7-11 — Core ar-
rangement for filter 
choke coils. The di-
mensions b and c re-
fer to Table 7-II. 

cause a heavy current to flow which would 
burn it up, making the whole transformer 
useless. 
Taps can be taken off as the windings are 

made if it is desired to have a transformer giv-
ing séveral voltages. Taps should be arranged 
whenever possible so that they come at the 
ends of the layers. 

After leaving the primary winding connected 
to the line for several hours it should be only 
slightly warm. If it draws much current or gets 

Voltage 
Series Voltage-Dropping Resistor 

Certain plates and screens of the various 
tubes in a transmitter or receiver often require 
a variety of operating 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 the 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 

Ed 
be obtained from Ohm's Law, R = —' 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 

hot there is something wrong. Some short-
circuited turns are probably responsible and 
will continue to cause overheating. 

Building Filter Chokes 

Filter choke coils may be either of the 
core or shell type. The laminations should not 
be interleaved, a butt joint being used instead. 
An air gap must be provided at some point in 
the core circuit to prevent magnetic saturation 
by the d.c. flowing through the winding. 
Table 7-II may be used as an approximate 

guide in winding choke coils. For the same 
core size, air gap and ampere turns, the induct-
ance will vary approximately as the square 
of the number of turns. The arrangement of 
the core is shown in Fig. 7-11 and the dimen-
sions b and c in the table refer to this sketch. 
The core may be built from straight pieces as 
shown or with " L"-shaped laminations. 

Dropping 

a voltage divider. The second resistor, R2, acts 
as a constant load for the first, RI, so that 
any variation in current from the tap becomes 
a smaller percentage of the total current 
through RI. The heavier the current drawn 
by the resistors when they alone are connected 
across the supply, the better will be the voltage 
regulation at the tap. 
Such a voltage divider may have more than 

From 
Power 
Supply 

o + 
R. 

To Load 

(A) = 

From 
Power 
Supply 

From 
Power 
Supply 

  + 

To Load 

(C) 

Fig. 7-12 — A — Series voltage-dropping resistor. B — 
Simple voltage divider. C — Multiple divider circuit. 

R3 -= --; R4 E2 — E1 E — E2  R5 
lb lb + 11; lb + + h 
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a single tap for the purpose of obtaining more 
than one value of voltage. A typical arrange-
ment is shown in Fig. 7-12C. The terminal 
voltage is E, and two taps are provided to give 
lower voltages, E1 and Efi, at currents Ii and /2 
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 R3, R4, Rfi, between taps. R3 carries 
only the bleeder current, lb; R4 carries I in 
addition to /b; Rà carries /2, II and /b. To cal-

culate the resistances required, a bleeder cur-
rent, /b, must be assumed; generally it is low 
compared to 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 
amperes. 
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 
/2 and R. 

Voltage Stabilization 
Gaseous Regulator Tubes 

There is frequent need for maintaining the 
voltage applied to a low-voltage low-current 
circuit (such as the oscillator in a superhet 
receiver or the frequency-controlling oscillator 
in a transmitter) at a practically constant 

Unree Unreg. 

From power-
supply output 

(A) " (B) - 

Fig. 7-13— Voltage-stabilizing circuits using VR tubes. 

value, regardless of the voltage regulation of 
the power supply or variations in load cur-
rent. In such applications, gaseous regulator 
tubes (VR105-30, VR150-30, etc.) can be used 
to good advantage. The voltage drop across 
such tubes is constant over a moderately wide 
current range. Tubes are available for regu-
lated voltages of 150, 105, 90 and 75 volts and 
will carry a maximum current of 40 ma. 
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, RI, 
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 
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: 

1000 (E. — E,) 
R — 

where R 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 Er. 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. 

Fig. 7-14 — A receiver-type supply that delivers 250 
volts at 35 ma. and a regulated potential of 150 volts 
at 15 ma. The amount of current which can be drawn 
from the 150-volt tap can be made higher or lower 
by selecting a suitable limiting resistor for the regulator 
tube; the current output will increase as the resistance 
value is reduced. The total current drain imposed on the 
supply should not exceed 50 ma. unless a transformer 
of greater current capacity is used. The four octal tube 
sockets on top of the chassis are wired in parallel with 
screw-type terminals and pin jacks at the rear to pro-
vide an assortment of terminals to which external cir-
cuits may be connected. The wiring diagram for the 
supply is shown in Fig. 7-15. 
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Fig. 7-15 — Circuit diagram of the receiver-type po% er supply. 
CI, C2 — 8-afd. 450-volt electrolytic. 
RI — 15,000 ohms, 10 watts. 
Li — 10-hy. 130-ma. I00-ohm filter choke. 
It — 6.3-volt pilot lamp. 
J1 — Panel-mounting a.c. plug (Amphenol 61M1). 
J2, J2, 74, Js — Octal socket. 
Si, S2 — S.p.s.t. toggle switch. 
T1 — Replacement-type power transformer: 290 volts each side of center-tap, 

50 ma.; 5 volts, 3 amp.; 6.3 volts c.t., 2 amp. 
A dual-unit electrolytic condenser may be used. The filter choke should have 

a fairly high current rating as suggested above in order that the output voltage 
of the supply will not he reduced because of high resistance in the filter. Most 
available low-current chokes have a d.c. resistance of 500 ohms or more. 

Voltage regulation of the order of 1 per cent 
can be obtained with circuits of this type. 
A small receiver-type power supply with a 

regulated tap is shown in Fig. 7-14 and the 
circuit diagram appears in Fig. 7-15. 

Electronic Voltage Regulation 

A voltage-regulator circuit suitable for 
higher voltages and currents than the gaseous 
tubes, and also having the feature that the 
output voltage can be varied over a rather wide 
range, is shown in Fig. 7-16. A high-gain volt-
age-amplifier tube, usually a sharp cut-off 
pentode, is connected in such a way that a small 
change in the output voltage of the power sup-
ply causes a change in grid bias, and thereby a 
corresponding change in plate current. Its plate 
current flows through a resistor (R5), the volt-
age drop across which is used to bias a second 
tube — the " regulator" tube — whose plate-
cathode circuit is connected in series with the 
load circuit. The regulator tube therefore func-
tions as an automatically-variable series re-
sistor. Should the output voltage increase 
slightly the bias on the control tube will become 
more positive, causing the plate current of the 
control tube to increase and the drop across 
R5 to increase correspondingly. The bias on 
the regulator tube therefore becomes more 
negative and the effective resistance of the 
regulator tube increases, causing the terminal 
voltage to drop. A decrease in output voltage 
causes the reverse action. The time lag in the 
action of the system is negligible, and with 
proper circuit constants the output voltage 
can be held within a fraction of a per cent 
throughout the useful range of load currents 

and over a wide range of 
supply voltages. 
An essential in this sys-

tem is the use of a constant-
voltage bias source for the 
control tube. The voltage 
change which appears at the 
grid of the tube is the differ-
ence between a fixed nega-
tive bias and a positive volt-
age which is taken from the 
voltage divider across the 
output. To get the most ef-
fective control, the negative 
bias must not vary with 
plate current. The most sat-
isfactory type of bias is a 
dry battery of 45 to 90 volts, 
but a gaseous regulator tube 
(V1t75-30) or a neon bulb 
of the type without a resistor 
in the base may be used 
instead. If the gas tube or 
neon bulb is used, a nega-
tive-resistance type of oscil-
lation may take place at 
audio frequencies or higher, 
in which case a condenser of 
0.1 dd. or more should be 

connected across the tube. A similar condenser 
between the control-tube grid and cathode 
also is frequently helpful in this respect. 
The variable resistor, R3, is used to adjust the 

bias on the control tube to the proper operat-
ing value. It also serves as an output-voltage 
control, setting the value of regulated voltage 
within the existing operating limits. 
The maximum output voltage obtainable is 

equal to the power-supply voltage minus the 
minimum drop through the regulator tube. 
This drop is of the order of 50 volts with the 
tubes ordinarily used. The maximum current 
also is limited by the regulator tube; 100 milli-

rom 

power 
suPPly 

r - - 

— T 

Regulator 
tube 

Regulated 
voltage 

R3 

Fig. 7-16 — Electronic voltage regulator. The regulator 
tube is ordinarily a 2A3 or a number of them in parallel, 
the control tube a 6SJ7 or similar type. The filament 
transformer for the regulator tube must be insulated for 
the plate voltage, and cannot supply current to other 
tubes when a filament-type regulator tube is used. Typi-
cal values: RI, 10,000 ohms; R2, 22,000 ohms; R3, 10,000 - 
Ohm potentiometer; R4, 4700 ohms; RS, 0.47 megohm. 
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• 

Fig. 7-17 - A bees, -duty regulated power 
supply capable of delivering 150 mu. over a 
range of 120 to 340 volts. The output, with-
out regulation, is 435 volts. A negative poten-
tial of 150 volts is also aN affable. Two 6114G 
tubes are connected in parallel to provide 
regulation and a 6SJ7GT is used as the control 
tube. The negative voltage is obtained by 
connecting a 1-V rectifier tube between the 
secondary of the power transformer and a 
VR•150 regulator tube. This front view of the 
supply shows the placement of the power and 
filament transformers, tubes, and filter choke. 
The pilot light, on-off switches, and voltage-
control potentiometer are mounted on the 
front wall of the chassis. The wiring diagram 
for the supply is shown in Fig. 7-18. 

• 

amperes is a safe value for the 2A3. Two or 
more regulator tubes may be connected in 
parallel to increase the current-carrying capac-
ity, with no change in the circuit. 
A heavy-duty supply of this type is shown 

in Fig. 7-17 and the circuit is shown in Fig. 

SI 

Ji 

115V AC. 

7-18. The unit is built on a 7 X 12 X 3-inch 
chassis. The transformers are to the left in 
Fig. 7-17. The 83 and 6B4Gs are immediately 
to the right followed by the 1-V, VR150 and 
the 6SJ7GT. Condensers C1 and C2 and the 
choke, LI, are placed along the rear edge. 

ca 63V 

e 5v 

S2_Ls 

c=, 6.3V 

83 

R, 1 V 

ct C2m 

.1. 
3 

VR-150 

6.3V. Corn. 435K Reg. -150V 
H.1t 

'Fig. 7-18 — Circuit diagram of the heavy-duty regulated power supply. 

CI, C2 — 8-pfd. 600-volt electrolytic. 
Ca — 8-isfd. 450-volt electrolytic. 
RI — 2500 ohms, 10 watts. 
R2 — 7500 ohms, 10 watts. 
Ra — 50,000 ohms, 10 watts. 
R4 25,000 ohms, 2 watts. 
Rs — 0.47 megohm, watt. 
Re — 0.18 megohm, watt. 
R7 — 75,000-ohm potentiometer. 
Ra — 0.1 megohm, 3¡ watt. 

Li — 8-hy. 160-ma. 100-ohm filter choke. 
Ii — 6.3-volt pilot lamp. 
Ji — Panel-mounting a.c. plug (Amphenol 61 All). 

Ja — Octal socket. 
Si — S.p.e.t. toggle switch. 
S2 — 2-gang 2-position ceramic rotary switch. 
Ti — Power transformer: 400 volts a.c. each side of 

center-tap, 160 ma.; 5 volts, 3 amp.; 6.3 volts, 
6 amp. 

— 6.3-volt 2-amp. c.t. filament transformer. 
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Miscellaneous Power-Supply Circuits 

Duplex Plate Supplies 
In some cases it may be advantageous eco-

nomically to obtain two plate-supply voltages 
from a single power supply, making one or 
more of the components serve a double pur-
pose. Circuits of this type are shown in Figs. 
7-19 and 7-20. 

In Fig. 7-19, a bridge rectifier is used to ob-
tain the full transformer voltage, while a con-
nection is also brought out from the center-tap 
to obtain a second voltage corresponding to 
half the total transformer secondary voltage. 
The sum of the currents drawn from the two 

Fig. 7.19 — Du-
plex plate sup-
ply delivering 
two output volt-
ages, both with 
good regulation. 

taps should not exceed the d.c. ratings of the 
rectifier tubes and transformer. Filter values 
for each tap are computed separately. 

Fig. 7-20 shows how a transformer with 
multiple secondary taps may be used to obtain 
both high and low voltages simultaneously. A 
separate full-wave rectifier is used at each pair 
of taps. The filter chokes are placed in the com-
mon negative lead, but separate filter condensers 
are required. The sum of the currents drawn 
from each pair of taps must not exceed the 
transformer rating, and the chokes must carry 
the total load current. Each bleeder should 
have a value in ohms 1000 times the maxi-
mum rated inductance in henrys 
of the swinging choke, LI, for best 
regulation. A power supply of this 
type is shown in Figs. 7-21 and 7-22. 
In this case two sets of chokes are 
used to divide the load current. 

Transformerless Plate Supplies 

The line voltage is rectified directly, 
without a step-up power transformer, 
for certain applications (such as some 
types of receivers) where the low volt-
age so obtained is satisfactory. A 
simple power supply of this variety, 
often called the " a.c.-d.c." type, is 
shown in Fig. 7-23. Rectifier tubes for 

this purpose have heaters operating at rela-
tively high voltages (12.6, 25, 35, 45, 50, 70 or 
115 volts), which can be connected across the 
a.c. line in series with other tube heaters 
and/or a resistor, R, of suitable value to limit 
the heater current to the rated value for the 
tubes. 
The half-wave circuit shown has a funda-

mental ripple frequency equal to the line fre-
quency and hence requires more inductance 
and capacitance in the filter for a given ripple 
percentage than the full-wave rectifier. A 
condenser-input filter generally is used. The 

input condenser should be at 
least 16 pfd. and preferably 32 
or 40 pfd., to keep the output 
voltage high and to improve 
voltage regulation. Frequently 
a second filter section is 
required to provide additional 
smoothing. 
No ground connection can 

be used on the power supply 
unless the grounded side of the 
power line is connected to the 
grounded side of the supply. 
Receivers using an a.c.-d.c. sup-
ply usually are grounded 
through a low-capacitance 
(0.05 pfd.) condenser, to avoid 
short-circuiting the line should 
the line plug be inserted in the 
socket the wrong way. 

Voltage-Multiplier Circuits 

Transformerless voltage-multiplier circuits 
make it possible to obtain d.c. voltages higher 
than the line voltage without using step-up 
transformers. By alternately charging two or 
more condensers to the peak line voltage and 
allowing them to discharge in series, the total 
output voltage becomes the sum of the volt-
ages appearing across the individual condens-
ers. The required switching operation is 
performed automatically by rectifiers associ-
ated with the condensers provided they are 
connected in the proper relationship. 

+HV 

+LY 

Fig. 7-20 — Power supply in which a single transformer 
gnd set of chokes serve for two different output voltages. 

Pr' H.Y2 
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Fig. 7-21 — This power 
supply makes use of a com-
bination transformer and 
a dual filter system, deliv-
ering 1000 volts at 125 ma. 
and 400 volts at 150 ma., 
or 400 volts and 750 volts 
simultaneously, depending 
upon the transformer se-
lected. The circuit diagram 
is given in Fig. 7-22. The 
1000-volt bleeder resistor 
is mounted on the rear 
edge of the chassis, with a 
protective guard made of 
a piece of galvanized fenc-
ing material to provide 
ventilation. Millen safety 
terminals are used for the 
two high-voltage terminals. 
Ceramic sockets should be 
used for the 866 Jrs. The 
chassis measures 8 X 17 
X 3 inches and the stand-
ard rack panel is 834, 
inches high. 

A half-wave voltage doubler is shown in 
Fig. 7-24A. In this circuit when the plate of 
the lower diode is positive the tube passes 
current, charging C1 to a voltage equal to the 
peak line voltage less the tube drop. When the 

Fig. 7-22 — Circuit dia-
gram of the combination 
1000- and 400-volt supply. 

115V, A.C. 
CI, C — 2-pfd. 1000-volt paper (Mallory TX805). 
C3 — 4-pfd. 600-volt electrolytic (C-D 604). 
C4 — 8-ofd. 600-volt electrolytic (C-D 608). 
Bi — 20,000 ohms, 75 watts. 
Ra — 20,000 ohms, 25 watts. 
Li, L3 — 5/20-hy. swinging choke, 150 ma. (Thordarson T-19C39). 
14, L4 — 12-hy. smoothing choke, 150 ma. (Thordarson T-19C46). 
Ti — High-voltage transformer, 1075 and 500 volts r.m.s. each side, 125-

and 150-ma, simultaneous current rating (Thordarson T-19P57). 
— 2.5 volts, 5 amp. (Thordarson T-19F88). 

Ta — 5 volts, 4 amp. (Thordarson T-63F99). 

line polarity reverses at the end of the half-
cycle the voltage resulting from the charge in 
C1 is added to the line voltage, the upper diode 
meanwhile similarly charging C2. C2, however, 
(loes not receive its full charge because it be-
gins discharging into the load resistance as 
soon as the upper diode becomes conductive. 
For this reason, the output is somewhat less 
than twice the line peak voltage. As with any 
half-wave rectifier, the ripple frequency corre-
sponds to the line frequency. 
The full-wave voltage doubler at B is more 

popular than the half-wave type. One diode 
charges C1 when the polarity between its plate 
and cathode is positive while the other section 
charges C2 when the line polarity reverses. Thus 
each condenser is charged separately to the 

same d.c. voltage, and the two 
discharge in series into the load 
circuit. The ripple frequency 
with the full-wave doubler is 
twice the line frequency. The 
voltage regulation is inherently 
poor and depends upon the 
capacitances of C1 and C2, 
being better as these capaci-
tances are made larger. A sup-
ply with 16 ¡dd. at C1 and C2 
will have an output voltage of 
approximately 300 at light 
loads, as shown in Fig. 7-25. 
The voltage tripler in Fig. 

7-24C comprises four diodes in 
a full-wave doubler and half-
wave rectifier combination. The 
ripple frequency is that of the 
line as in a half-wave circuit, 
because of the unbalanced ar-
rangement, but the output 
voltage of the combination is 
very nearly three times the line 

voltage, and the regulation is better than in 
other voltage-multiplier arrangements, as 
shown in Fig. 7-25. 

o  

115 V 
AC 

o 

Fig. 7-23 — Transformerleas plate supply with half-wave 
rectifier. Other heaters are connected in series with R. 
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Fig. 7-24D is a voltage quadrupler with two* 

half-wave doublers connected in series, dis-
charging the sum of the accumulated voltages 
in the associated condensers into the filter in-
put. The quadrupler is by no means the ulti-
mate limit in voltage multiplication. Practical 
power supplies have been built using up to 
twelve doubler stages in series. 
Selenium rectifiers can be used in these cir-

cuits to arrive at a very compact and light-
weight power unit for portable work. 

In the circuits of Fig. 7-24, C2 should have a 
working voltage rating of 350 volts and Ci of 
250 volts for a 115-volt line. Their capacitances 

(A) (B) 

(C) (D) 

Fig. 7-24 — Voltage-multiplier circuits. 1, lialf-wave 
voltage doubler. B, full-wave doubler. C, tripler. D, 
quadrupler. Dual-diode rectifier tubes may be used. 
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Fig. 7-25 — Curves showing the d.c. output voltage and 
the regulation under load for voltage-multiplier circuits. 
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should be at least 16 1.4fd. each. Subsequent 
filter condensers must, however, withstand the 
peak total output voltage — 450 volts in the 
case of the tripler and 600 for the quadrupler. 
No direct ground can be used on any of these 

supplies or on associated equipment. If an r.f. 
ground is made through a condenser the ca-
pacitance should be small (0.05 ihfd.), since it 
is in shunt from plate to cathode of one recti-
fier. In addition to the fact that care must be 
exercised in avoiding direct ground connection 
or observation of proper line polarization to 
prevent short-circuiting the power line, trans-
formerless supplies frequently give rise to other 
difficulties. For this reason their application is 
recommended only where economy or space is 
a prime consideration. A regenerative receiver 
operating from a transformerless supply has a 
greater tendency toward " tunable hum" than 
when operating from a supply equipped with a 
transformer. Apparatus operating from a trans-
formerless supply often is the source of a rough 
hum when a near-by broadcast receiver is 
tuned to a carrier. A line filter in the supply, 
or a switch of line polarization, when this is 
permissible, sometimes will eliminate trouble 
of this type, but sometimes only the use of a 
transformer will be effective. 

Bias Supplies 

As discussed in Chapter Six, the chief func-
tion of a bias supply for the r.f. stages of a 
transmitter is that of providing protective 
bias, although under certain circumstances, 
a bias supply, or pack, as it is sometimes called, 
can provide the operating bias if desired. 

Simple Sias Packs 

Fig. 7-26A shows the diagram of a simple 
bias supply. R1 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 recoin-

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 when rated grid current 
flows. 

This soaring can be reduced to a considerable 
extent by the use of a voltage divider across the 
transformer secondary, as shown at B. Such a 
system can be used when the transformer 
voltage is higher than the operating-bias value. 
The tap on R2 should be adjusted to give am-
plifier cut-off bias at the output terminals. The 
lower the total value of R2, the less the soaring 
will be when grid current flows. 
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A full-wave circuit is shown in Fig. 7-260. 
R3 and R4 should have the same total resist-
ance and the taps should be adjusted sym-
metrically. In all cases, the transformer must 
be designed to furnish the current drawn by 
these resistors plus the current drawn by Ri. 

Regulated Bias Supplies 

The inconvenience of the circuits shown in 
Fig. 7-26 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. 7-27A. A VR 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. R1 is adjusted, without 
amplifier excitation, until the VR tube just 
ignites and draws about 5 ma. Any additional 
voltage to bring the bias up to the operating 
value when excitation is applied can be ob-
tained from a grid leak, as discussed in Chapter 
Six. If the VR-tube voltage rating is the same 
as the required operating voltage, no grid leak 
need be used. 
Each VR tube will handle 40 ma. of grid 

current. If the grid current exceeds this value 
under any condition, similar VR tubes should 
be added in parallel, as shown in Fig. 7-27B, 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 VR tube is 
not sufficiently high for the purpose, other VR 
tubes may be used in series (or series-parallel if 
required to satisfy grid-current requirements) 
as shown in Fig. 7-27C and D. ' 

If a single value of fixed bias will serve for 
more than one stage, the 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 VR 
tube or tubes. Alternatively, other separate 
VR-tube branches may be added in any de-
sired combination to the same supply, as shown 
in Fig. 7-27E, to suit the requirements of each 
stage. 

Providing the VR-tube current rating is not 
exceeded, a series arrangement may be tapped 
for lower voltage, as shown at F. 

Other Sources of Biasing Voltage 

In some cases, 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. 7-28A. In an-
other arrangement, shown at B, a spare fila-
ment winding can be used to operate a filament 
transformer of similar voltage rating in reverse 
to obtain a voltage of about 130 from the 
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(A) 

(c) 
Fig. 7-26 — Simple bias-supply circuits. In A, the peak 
transformer voltage must not exceed the operating value 
of bias. The circuits of B (half-wave) and C (full-wave) 
may be used to reduce transformer voltage to the recti-
fier. RI is the recommended grid-leak resistance. 

winding that is customarily the primary. This 
will be sufficient to operate a VR75 or VR90. 
If a selenium rectifier is used, no additional 
filament voltage for the bias rectifier is needed. 
A bias supply of any of the types discussed 

requires relatively little filtering, if the peak 
output-terminal voltage does not approach the 
operating-hiss value, because the effect of the 
supply is entirely or largely "washed out" when 
grid current flows. 

• 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 
obtained 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 
w.hich may be connected in parallel across it. 
The filament or heater transformer generally is 
center-tapped, to provide a balanced circuit 
for eliminating hum. 

For medium- and high-power r.f. stages of 
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• 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 

VR • when lights are turned on and off at evening, 
From Bias Bias they may be taken care of by the use of a Supply 

manually-operated compensating device. A 
simple arrangement is shown in Fig. 7-29A. A 
toy transformer is used to boost or buck the 
line voltage as required. The transformer 
should have a tapped secondary varying be-
tween 6 and 20 volts in steps of 2 or 3 volts 
and its secondary should be capable of carrying 
the full load current of the entire transmitter, 
or that portion of it fed by the toy transformer. 
The secondary is connected in series with the 

Bias line voltage and, if the phasing of the windings 
is correct, the voltage applied to the primaries 
of the transmitter transformers can be brought 
up to the rated 115 volts by setting the toy-
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-

-• Bias i tion may be used in cases where the line voltage 
Bias 2 may be above 115 volts. This method is pref-

erable to using a resistor in the primary of a 
Bios3 power transformer since it does not affect the 

voltage regulation as seriously. The circuit of 
7-29B 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 

- Bias i for changes in line voltage, is described in Fig. 
7-30. 

This arrangement has the following features: 
-• Bias 2 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. 

Fig. 7-27 — Illustrating the use of VR tubes in stabiliz- 3) Independent control of the plate trans-
ing protective-bias supplies. RI is a resistor whose value 
is adjusted to limit the current through each VII tube former is afforded by the tap switch S2. This 
to 5 ma. before amplifier excitation is applied. R and permits power-input control and does not re-
R2 are current-equalizing resistors of 50 to 100 ohms. quire an extra autotransformer. 

From Bias 
Supply 

From Bias 
Supply 

(A) 

(B) 

transmitters, and for high-power audio stage›, 
it is desirable to use a separate filament trans-
former for each section of the transmitter, 
installed 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. 

VR 

From Bias 
Supply 

From Bias 
Supply 

From Bias 
Supply 

(C) 

(E) 
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• CONSTRUCTION OF POWER 

SUPPLIES 

The length of most leads in a power supply is 
unimportant so that the arrangement of com-
ponents from this consideration is not a factor 
in construction. More important are the points 
of good high-voltage insulation, adequate 
conductor size for filament wiring, proper 
ventilation for rectifier tubes and — most im-
portant of all — safety to the operator. Ex-
posed high-voltage terminals or wiring whict 
might be bumped into accidentally should not 
be permitted to exist. They should be covered 

(A) 

II 
VR 

Bias 

Fig. 7-28 — Convenient means of obtaining biasing 
voltage. A — From a low-voltage plate supply. B — 
From spare filament winding. Ti 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 arc 
used, no additional filament supply is required. 

with adequate insulation or placed inac-
cessible to contact during normal opera-
tion and adjustment of the transmitter. 

Rectifier filament leads should be kept 
short to assure proper voltage at the rec-
tifier socket, and the sockets should have 
good insulation and adequate contact sur-
face. Plate leads to mercury-vapor tubes 
should be kept short to minimize the radi-
ation of noise. 
Where high-voltage wiring must pass 

t hrough a metal chassis, grommet-lined 
clearance holes will serve for voltages up 
to 500 or 750, but ceramic feed-through 
insulators should be used for higher volt-
ages. Bleeder and voltage-dropping re-
sistors should be placed where they are 
open to air circulation. Placing them in 
confined space reduces the power 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 transformers, 
such as those used in receivers. This permits 
the plate voltage to be switched on without the 

To 
transmitter 

Fr 

115V A C 115V. A.C. 

(A) (B) 

Fig. 7-29 — Two methods of transformer primary con-
trol. At A is a tapped toy transformer which may be 
connected so as to boost or buck the line voltage as re-
quired. At B is indicated a variable transformer or 
autotransformer (Variac) in series with the transformer 
primaries. 

necessity for waiting for rectifier filaments to 
come up to temperature after each time the 
high voltage has been turned off. 
A bleeder resistor with a power rating giving 

a considerable margin of safety should be used 
across the output of all transmitter power sup-
plies so that the filter condensers will be dis-
charged when the high-voltage transformer is 
turned off. To guard against the possibility of 
danger to the operator should the bleeder re-
sistor burn out without his knowledge, a relay 
with its winding connected in parallel with the 
high-voltage transformer primary and its con-
tacts in series with a 1000-ohm resistor across 
the output of the power supply sometimes is 
used. The relay should be arranged so that the 
contacts open when the relay is energized. 

sa 

1 1311 fit 1 
Fit Fit Fil. 

Fig. 7-30 — 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 text. The light winding represents the 
regular primary winding of a revamped transformer, the 
heavy winding the voltage-adjusting section. 
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Control Systems 

A well-planned system of controlling power-
supply equipment is not only a matter of safety 
to the operator but also a factor in the con-
venient and efficient operation of the station 
while on the air. 
The diagrams of power supplies suggested 

for use with transmitters described in Chapter 
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Fig. 7-31 — 115-volt control circuit used at NIV4DCW. 
All switches, except S3, may be 5 amp. ,S3 should be a 
ceramic rotary switch. The indicator lamps are 5/8-in. 
panel type. 

Six include a suitable control system for each. 
In general principle they are the same, varying 
only in the details of special considerations for 
the specific case at hand. 
As a minimum, except possibly in the case of 

simple transmitters employing a single power 
supply, there should be a filament switch 
that controls simultaneously all filaments in 
the power supplies as well as in the trans-
mitter. This switch sometimes also controls the 
bias supply if one is used. There should be a 
separate switch for each plate-voltage supply 
and one that controls all plate supplies simul-
taneously. This latter switch is the " stand-by" 
switch by which power to the transmitter may 
be turned off quickly during receiving periods. 
The switches should be arranged in series, so 
that the plate voltage cannot be applied before 
filament and bias voltages have been turned on. 

Figs. 7-31 and 7-32 show a complete control 
system for a multistage c.w. and 'phone trans-
mitter. Indicator lamps, proper line fusing and 
automatic protective features are included. 
These circuits are more or less basic and will 
cover all requirements of most transmitters. 
They are similar except that the circuit of Fig. 
7-31 is for use with a 115-volt line, while that of 
Fig. 7-32 is suitable for a 3-wire 220-volt line. 
The system starts out with a polarized plug, 

P1, for the line connection. The side of the line 
indicated should be the grounded side. Ofie or 
more utility outlets which are not affected by 
the switching may be connected at J1. The 
line-fuse indicator lamp, It, should not light 
unless the line fuse, F1, is blown. 
Turning on Si at the transmitter or 52 at the 

operating position turns on all r.f. and r.f. 
power-supply filament transformers, which are 
connected in parallel at T1, and the indicator 
lamp, /2, lights. If the 'phone-c.w. switch, S3, is 
thrown to the 'phone position, all audio and 
a.f.-supply filament transformers, which are 
connected in parallel at Tz, will also be turned 
on by St and the 'phone indicator lamp, /3, 
will light. If S3 is in the c.w, position, the c.w. 
indicator lamp, /4, will light, and the al. power 
supplies will be cut off. 83B short-circuits the 
modulation-transformer secondary. 

If the safety interlock switch, 84, is closed, 
the bias-supply plate and filament voltages 
(T3) will be turned on. As soon as the rectifier 
of t his supply (an indirectly-heated rectifier 
such as a 6X5G) warms up, and the supply 
delivers full voltage, the delay relay, Ryz, will 
close, extinguishing the bias-indicator lamp, 
/7, and setting up the circuit for the plate-
supply relay, Ry3. The time which the bias 
rectifier takes to come up to temperature pro-
vides the required delay between the applica-
tion of filament voltage and the time when it 
becomes possible to turn on the plate voltages 
on the r.f. and a.f. tubes. 
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With the contacts of Ry2 closed, the plate-

supply relay, Ry3, can be operated by closing 
the transmit-receive switch, $ 5, or its exten-
sion, $ 6, at the operating position. Ry3 turns 
on all plate voltages, lights the high-voltage 
Indicator, / 8, and the transmitter is ready for 
Operation. 

Should the interlock switch 84 be open, the 
indicator lamp, 15, will light. This lamp, in 
series with the primary of the bias-supply trans-
former, has sufficient resistance to prevent 
lighting of the rectifier filament and thus volt-
age output from the bias pack, and therefore 
Ry2 does not close so that Ry3 cannot be oper-
ated and high voltage cannot be applied, 
making the transmitter safe so long as the 
interlock switch is open. 
Ryt is an overload breaker which breaks off 

the line to the plate-supply relay whenever the 
plate current to the final amplifier exceeds a 
value to which it has been set. The winding of 
this relay is in the filament center-tap of the 
final-amplifier tubes. It should be of the reset 
type so that it will not continue to close and 
open repeatedly until S3 is opened as it would 
do if it were not of the reset type. /3, / to and 
it are fuse-indicator lamps which light when 

their associated fuses blow. $7 is a switch for 
changing to low power for tune-up. This 
system is, of course, applicable only to trans-
formers with dual primaries. With single-
primary transformers a switch can be arranged 
to short-circuit a 150- to 200-watt lamp con-
nected in series with the primary winding for 
reducing power. 
The only switch which need be thrown for 

stand-by is S5. Only 83 need be thrown in 
changing from 'phone to c.w. No other switch-
ing is necessary. 
The only difference in Fig. 7-32 is that the 

filament and bias transformers are operated 
from one side of the line, while the plate sup-
plies are operated from the other. This connec-
tion is preferable whenever it can be applied, 
since it helps to equalize the loads drawn from 
each side of a 3-wire line. For high power, or in 
cases where light blinking is experienced, the 
plate transformer, 7'6, should have a 220-volt 
primary connected to the two outside wires. 

All indicator lamps and panel switches should 
be marked plainly so that there will be no 
question as to which circuit each belongs, to 
facilitate switching and localizing of trouble. 
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Fig. 7-32 — 230-volt control circuit. Rvi is an overload 
type, Ry2 is a light-current relay and Ry3 is a 115-volt 
a.c. relay with heavy contacts. 

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. 

Dynamotors 

A dynamotor differs from a motor generator 
in that it is a single unit having a double arma-
ture winding. One winding serves for the 
driving motor, while the output voltage is 
taken from the other. Dynamotors usually are 



254 CHAPTER 7 

TABLE 7411— DYNAMOTORS 

Manufacturer's Type No. Input Output Weight 

Carter Eicor Duty Volts Amp. Volts Ma. Lb. 

210A Continuous 6 6.1 200 100 7 

3412' 6 4.2 200 100 454 

34151 6 6.1-9.7 200-300 100 5 

MA250 Continuous 6 4.2 250 50 43/4  

251A Continuous 6 7.9 250 100 7 

MA301 Continuous 6 9.0 300 100 43/4  

315A 6 13.4 300 . 150 73/4  

320A 6 18.2 300 200 91/2  

34201 6 
18.2 300 200 53/4  
15.0 350 150 - 

41520' 6 31.0 400 300 
73/4  

40.0 600 250 

351A 6 10 350 100 61/2 

MAS355 Intermittent 6 15 350 150 43/4  

352AR 6 22 350 200 91/2 

401A 6 ' 13 400 100 73/4  

6 14.2 400 125 g1/4  

415A Continuous 6 18.2 400 150 8 

420A Continuous 6 23.4 400 200 10 

425A 6 30 400 225 93/4  

AF450 Continuous 6 27 400 250 13 

AF430 Continuous 6 31 400 300 13 

520AS Intermittent 6 28 500 200 10 

650AS Intermittent 6 39 600 250 10 

VSF630 Intermittent 5.5 56 600 300 13 

Characteristics are typical for frame size given. 

operated from 6-, 12-, 28- or 32-volt storage 
batteries and deliver from 300 to 1000 volts 
or more at various current ratings. 

Genemotor is a term popularly used when 
making reference to a dynamotor designed 
especially for automobile-receiver, sound-
truck and similar applications. It has good 
regulation and efficiency, combined with econ-
omy of operation. Standard models of gene-
motors have ratings ranging from 135 volts at 
30 ma. to 300 volts at 200 ma. or 600 volts at 
300 ma. (See Table 7-111.) The normal effi-
ciency averages around 50 per cent, increas-
ing to better than 60 per cent in the higher-
power units. The voltage regulation of a gene-
motor 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. The 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-mfd. mica condensers to a 
common point on the genemotor frame, pref-
erably to a point inside the end cover 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-afd. 600-volt 
(d.c.) 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-µfd. 
condensers and a 15- or 30-henry choke having 
low d.c. resistance. 

A.C.-D.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. 
Such converter units are built to deliver outputs 
ranging from 40 to 300 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. 
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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. 7-33 shows thé 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 
coil is short-circuited, de6nergizing it, and the 
reed swings back. Inertia carries the reed into 
contact with 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. 7-33B is 

provided with an extra pai'r 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. 

RFC, 

, smroOth:g 
' hiter 

(B) 

Fig. 7-33 — Basic types of vibrator power-supply 
circuits. A—Nonsynchronous. B—Synchronous. 

(A) (B) (C) 

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 
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 pfd., 
and for 250-300-volt supplies the condenser 

(D) 

(E) (F) (G) (H) 
Fig. 7-31— Characteristic vibrator waveforms as 
viewed on the oscilloscope. A, ideal theoretical trace for 
resistive load; current flow stops instantly when vibrator 
contacts open and resumes approximately 1 microsecond 
later (for standard 115-cycle vibration frequency) after 
interrupter arm moves across for the next half-cycle. 
B. ideal practical waveform for inductive load (trans-
former primary) with correct buffer capacitance. C, 
practical approximation of B for loaded nonsynchronous 
vibrator. D. satisfactory practical trace for synchronous 
(self-rectifying) vibrator under load; the peaks result 
from voltage drop in the primary when the secondary 
load is connected, not from faulty operation. 
Faulty operation is indicated in E through H: E, 

effect of insufficient buffering capacitance (not to be mis-
taken for "bouncing" of contacts). The opposite condi-
tion — excessive buffering capacitance — is indicated 
by slow build-up with rounded corners, especially on 
"open." F, overclosure caused by too-small buffer con-
denser (same condition as in E) with vibrator unloaded. 
G, "skipping" of worn-out or misadjusted vibrator, with 
interrupter making poor contact on one side. II, " bounc-
ing" resulting from worn-out contacts or sluggish reed. 
G and H usually call for replacement of the vibrator. 

should be rated at 1500 to 2000 volts d.c. 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 d.c. 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 there 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. 
A more exact check on the operation can be 

secured with an oscilloscope having a linear 
sweep circuit that can be synchronized with 
the vibrator. The vertical plates should be con-
nected across the outside ends of the trans-
former primary winding to show the input 
voltage waveshape. Fig. 7-34C shows an ideal-
ized trace of the optimum waveform when the 
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Fig. 7-35 — Typicarvibrator-transformer power-supply 
circuits. The circuit at A shows a simple arrangement 
for 6-volt d.c. input; the one at B illustrates the use of 
a combination transformer for operation from either 6 
volts d.c. or 115 volts. a.c. The circuit of C is similar 
to that of B but uses separate transformers. 
Ci — 0.5-pfd. paper, 50-volt rating or higher. 
C2 — 0.005 to 0.01 pfd., 1600 volts. 
Ca — 0.01-pfd. 600-volt paper. 
C4 — 8-pfd. 450-volt electrolytic. 
Ca — 32-dd. 450-volt electrolytic. 
Ce — 100-ppfd. mica. 
Rj — 4700 ohms, 3,¡ or 1 watt. 
1.4 — 10-12-henry 100-ma, filter choke, not over 100 

ohms (Stancor C-2303 or equivalent). 
F — 15-ampere fuse. 
RFC' — 55 turns No. 12 on 1-inch form, close-wound. 
RFC2-2.5-mh. r.f. choke. 
Si — S.p.s.t. toggle — battery switch. 
Si — S.p.s.t. toggle — a.c. power switch. 
Se — S.p.d.t. toggle — rectifier-heater change-over 

switch. 
Si — D.p.d.t. toggle — a.c.-d.c. switch. 
Ti — Vibrator transformer. 

Special vibrator transformer with 115-volt and 
6-volt primaries, to give approximately 300 
volts at 100 ma. d.c. (Stancor P-6166 or equiva-
lent). 

Ta — Le. transformer, 275 to 300 volts each side of 
center-tap, 100 to 150 ma.; 6.3-volt filament. 

VIB — Vibrator unit (Mallory 500P, 294, etc.) 
X — Insert a series resistor of suitable value to drop the 

output voltage to 300 at 100 ma. load, if neces-
sary. If transformer gives over 300 volts d.c., a 
second filter choke may be used to give addi-
tional voltage drop as well as more smoothing. 

buffer capacitor is adjusted to give proper op-
eration throughout the life of the vibrator. The 
horizontal lines in the trace represent the volt-
age during the time the vibrator contacts are 
closed, which should be approximately 90 per 
cent of the total time. When the contacts are 
open the trace should be partly tilted and 
partly vertical, the tilted part being 60 per cent 
of the total connecting trace. The oscilloscope 
will show readily the effect of the buffer con-
denser on the percentage of tilt. In actual pat-
terns the horizontal sections are likely to droop 
somewhat because of the resistance drop in 
the battery leads as the current builds up 
through the primary inductance (Fig. 7-34D). 

"Hash" Elimination 

Sparking at the vibrator contacts causes r.f. 
interference (" hash," which can be distin-
guished from hum by its harsh, sharper pitch) 
when used with a receiver. To minimize this, 
r.f. filters are incorporated, consisting of RFC1 
and C1 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 
battery 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 from the supply and leads. 
The power supply should be built on a metal 

chassis, with all unshielded parts underneath. 
A bottom plate to complete the shielding is ad-
visable. The transformer case, vibrator cover 
and the metal shell of the tube all should be 
grounded to the chassis. If a glass tube is used 
it should be enclosed in a tube shield. The 
battery leads should be evenly twisted, since 
these leads are more likely to radiate hash than 
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 reduced to a minimum. 
Shielding the leads is not particularly helpful. 

• PRACTICAL VIBRATOR-SUPPLY 
CIRCUITS 

A vibrator-type power supply may be de-
signed to operate from a six-volt storage bat-
tery only, or in a combination unit which may 
be operated interchangeably from either bat-
tery or 115 volts a.c. 

Typical circuits are shown in Fig. 7-35. The 
one shown at A is the simplest, although it 
operates from a 6-volt d.c. source only. Si turns 
the high voltage on and off. 
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The circuit of B provides for either 6-volt 

d.c. or 115-volt a.c. operation with a dual-
primary transformer. 82 is the a.c. on-off switch 
while 83 switches the heater of the 6X5 recti-
fier from the storage battery to the 6.3-volt 
winding on the transformer. Filament supply 
for the transmitter or receiver is switched by 
shifting the power plug to the correct output 
socket, X when operating from a 6-volt d.c. 
source and Y when 115-volt a.c. input is used. 
The circuit of Fig. 7-35C may be used when 

a dual-primary transformer is not availa-
ble. The filter is switched from one rectifier 
output to the other by means of the d.p.d.t. 
switch, 84, which also shifts filament connec-
tions from a.c. to d.c. The filter section of the 
switch could be eliminated if desired by 
connecting the filtering circuit permanently 
to the output terminals of both rectifiers and 
removing the unused rectifier tube from its 
socket. Similarly, the filament section of 84 
could be dispensed with by providing two 
output sockets as in the circuit at B. If a 
separate rectifier filament winding is available 
on 7'3, directly-heated rectifier types may be 
substituted for the 6X5 in the a.c. supply. In 
some cases where the required filament wind-
ings are not available, a rectifier of the cold-
cathode type, such as the OZ4, which requires 
no heater voltage, sometimes may be used to 
advantage. 

If suitable filament windings are available, a 
regular a.c. transformer will make an accept-
able substitute for a vibrator transformer. If 
the a.c. transformer has two 6.3-volt windings, 
they may be connected in series, their junction 
forming the required center-tap. A 6.3-volt and 
a 5-volt winding may be used in a similar 
manner even though the junction of the two 

6.3V to fils, 

 o 
6- volt bait. 
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Fig. 7-36 — Circuit diagram of a compact vibrator-a.c. 
portable power supply suggested by W9CO. 

Ci — 60-pfd. 200-volt electrolytic. 
— 60-pfd. 400-volt electrolytic. 

Ca — 60-pfd. 600-volt electrolytic. 
Co — 2 5 •pfd. 25-volt electrolytic. 
C6, C6 — O. 5-pfd. 25-volt paper. 
C2 — 0.007-pfd. 1500-volt paper. 
Ri — 25,000 ohms, 10 watts. 
1.1 — 25-phy. 20-amp. choke. 
Si — 115-volt toggle switch. 
52 — D.p.d.t. heavy-duty knife switch. 
Sa — 25-amp. switch. 
Ti — See text. 
V — Heavy-duty vibrator. 

windings does not provide an accurate center-
tap. A better center-tap may be obtained if a 
2.5-volt winding also is available, since half 
of this winding may be connected in series with 
the 5-volt winding to give 6.25 volts. 

R.f. filters for reducing hash are incor-
porated in both primary and secondary cir-
cuits. The secondary filter consists of a 0.01-eifd. 
paper condenser directly across the rectifier 
output, with a 2.5-mh. r.f. choke in series 
ahead of the smoothing filter. In the primary 
circuit a low-inductance choke and high-
capacitance condenser are needed because of the 
low impedance of the circuit. A choke of the 
specifications given should be adequate, but 
if there is trouble with hash it may be beneficial 
to experiment with other sizes. The wire should 
be large — No. 12, preferably, or No. 14 as a 
minimum. Manufactured chokes such as the 
Mallory RF583 are more compact and give 
higher inductance for a given resistance be-
cause they are bank-wound, and may be sub-
stituted if obtainable. C1 should be at least 
0.5 eofd.; even more capacitance may help in 
bad cases of hash. 
The smoothing filter for battery operation 

can be a single-section affair, but there will be 
some hum (readily distinguishable from hash 
because of its deeper pitch) unless the filter 
output capacitance is fairly large — 16 to 32i.ifd. 
The compactness of selenium rectifiers and 

the fact that they do not require filament volt-
age make them particularly suited to compact 
light-weight power supplies for portable-
emergency work. 

Fig. 7-36 shows the circuit of a vibrator pack 
which will deliver an output voltage of 400 at 
200 ma. It will work with either 115-volt a.c. 
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, 711, is a dual-

secondary 6.3-volt filament transformer con-
nected in reverse. It may also consist of two 
single transformers of the same type with their 
primaries connected in series and secondaries 
in parallel, both windings being properly 
polarized. In either event, the filament wind-
ings must have a rating of 10 amperes if the 
full load current of 200 ma. 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 
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to be expected at various load currents, de-
pending upon the size of condensers used at 

C2 and C3. 

Cl, C2, C3 

(dd.) 

60 
40 
20 

Ouipui Voltage at 
50 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 in 
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. 

Vibrator-Supply Construction 

Table 7-IV contains a list of some of the 
currently-available vibrator-type power sup-
plies on the market. However, supplies of this 
type are not difficult to construct. 
A typical example of vibrator-supply con-

struction is shown in the photographs of Figs. 
7-37 and 7-38. 

All components in the supply with the ex-
ception of the four-prong outlet socket are 
mounted on a piece of quarter-inch tempered 
Masonite measuring 3% X 9 inches. This fits 
into a plywood box having inside dimensions 
(3% X 9 X 5z inches) just large enough to 

TABLE 7-IV—VIBRATOR SUPPLIES 

Manufacturers's Type Number Input Output 
American 
Television 

and Radio Co. 
Electronic 

Labs 
Halli- 
crafters Mallory Radiart Volts Volts' Ma. Watts RectiRer 

Output 
Filter 

VPM-F-7 

VP-551+ 

6.3 D.C. 

6.3 D.C. 

90 

125-150- 175-200 

10 

25-30- 
35-40 

(100 Max.) 

— 

— 

Syn. 

Syn. 

Yes 

No 

420186 6.3 D.C. 250 50 — Syn. Yes 
VP-540 6.3 D.C. 250 60 — Syn. Yes 

605A 6.3 D.C. 150-200- 
250-275 

35-40- 
50-65 19 Syn. No 

604A 6.3 D .C. 225-250- 
275-300 50-65 

80-100 30 Syn. No 

601 6.3 D.C. 225-250 
275-300 

50-65 
80-100 30 Tube No 

616 
6.3 D.C. 

and 
115 A.C. 

115 A.C. 
325-350- 
375-400 

125-150_ 
175-200 15 Tube Input 

Cond. 

619 
6.3 D.0 

and 
115 A.C. 

300 
6.3 A.C. 

100 
4'85 Amp. 

60 Tube Yes 

2606 6.3 D.C. 300 100 30 Tube Yes 

VPM-6 6.3 D .C. 250-275- 
300-325 50-75 

100-125 — Tube Yes 

VP-552' 6.3 D.C. 225-250- 
275-300 50-65- 

80-100 — Syn. No 

VP-2 6.3 D.C. 300 170 — Tube No 
VP-4 6.3 D.C. 320 70 — Tube No 

VP-555 6.3 D.C. 300 200 — Tube Yes 

VP-557 6.3 D.C. 400 150 — Tube Input 
cond. 

451 
60 D.C. 

or 

12 D.C. 
250-180 60-40 15 Syn. Yes 

452 6.0 D.C. 300-275- 
250-225 100-100- 

100-100 30 Tube Yes 

452-12 12 D.C. Same as model 452 

453 6.0 D.C. 300-275- 
250-225 

100-100- 
100-100 30 Syn. Yes 

453-12 12 D.0 Same as model 453 
454 6.0 D.C. 300 200 60 Tube I Yes 

454-12 12 D.C. Same as model 454 
455 6.0 D.C. 400 150 60 Tube Yes 

455-12 12 D.C. Same as model 455 

456 
6 D.C. 
and 

110 A.C. 

300-275- 
250-225 
6.3 A.C. 

100-11°-
100-100 
5 Amp. 

30 Tube Yes 

INVERTERS 

6RSB, 6.0 D.C. 110 A.C. — 753 — — 
12RS13+ 12 D.C. 110 A.C. — 100, — — 
61S02 6 D.C. 110 A.C. — 75, — — 
12IS01 12 D.C. 110 A.C. — 100, — — 
6LIC2 6 D.C. 110 A.C. — 25' — — 
12LIC' 12 D.C. 110 A.C. — 353 — — 

All a.c. voltages are 60-cycle. 
+ For use with power factors as low as 80%. 
For use with power Factors as low as 60%. 

Continuous service. 420182 same with tube rect. 
VP-553 same with tube rect. ' D.c. unless specified. 
. VP-554 same with tube; VP-G556 same with 12-volt d.c. input. 
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ManuFacturer Output 
Weight 
Lb. 

Starting 
Method Kato Onan Pioneer Volts A.C. Watts Volts D.C. Watts 

BD-61 110 300 6 200 100 Push-Button 
IRA-33 110 350 6 30 65 Rope Crank 

03AAE-1E 115 350 6 — 77 Push-Button 
358RSAL, 115 350 12 — 79 Push-Button-
05AH-1R, 115 500 12 — 126 Push-Button-

23HAB4 115 500 12 13 125 Push-Button 
BA-6' 110 600 — — 135 , Push-Button 

14HAB4 115 600 12 13 170 Push-Button 
07AH-11t1 115 750 12 — 136 Push-Button, 

BA-101 110 1000 — — 170 Push-Button 
1OLS' 115 1000 12 — 210 Push-Button, 

26HAB4 115 100 12 10 265 Remote Contr. 
28HAB4 115 1500 18 6 350 Remote Contr. 

105BH-1 it' 115 1500 12 — 187 Push-Button, 
BA-15 110 1500 — — 365 Push-Button 

Push-Button, 2CK-11t, 115 2000 12 — 258 
41HAB4 115 2500 32 5 450 Remote Contr. 

3CK-11t, 115 3000 12 — 266 Push-Button, 

' Available with remote control 2Manual start ng available 

contain the equipment. The Masonite shelf 
rests on 3%-inch-square strips, 1% inches long, 
glued to the corners of the box at the bottom. 
The top and bottom of the box are removable. 
To provide shielding and thus reduce hash 
troubles, the box is covered with thin iron 
salvaged from 5-quart oil cans. Where the 
edges bend around the box to make a joint, the 
lacquer is rubbed off with steel wool so the 
pieces make electrical contact, and the metal 
is tacked to the plywood with escutcheon pins. 
To make sure that the shielding will be 

complete, the top and bottom of the box slide 
into place from the side, with the metal cover-
ing extending out so that it fits tightly under a 
lip bent over from the metal on the sides. 
These lips also are cleaned of lacquer to permit 
good electrical contact. The general construc-
tion should be quite apparent from the photo-
graphs. The bottom is provided with rubber 
feet, and the top has a small knob at each end 
so that it can be pulled out. This is essential, 

Fig. 7-37 — A view in-
side a typical vibrator-
type power supply. 
The rectifier tube is at 
the upper left with the 
filter choke just be-
low. The primary fuse 
socket and vibrator 
are at the right. A 
synchronous-type vi-
brator may be substi-
tuted for the interrupter 
type if it is desired to 
eliminate the rectifier 
tube. 

Postwar model expected to be produced. 

since the fit is good and there is no way to get 
either the top or bottom off, once on, without 
having some sort of handle to grip. 

• GASOLINE-ENGINE DRIVEN 
GENERATORS 

For higher-power installations, such as for 
communications control centers during emer-
gencies, the most practical form of independent 
power supply is the gasoline-engine 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 



260 CHAPTER 7 

TABLE 7-VI — PLATE-BATTERY SERVICE HOURS 
Estimated to 34-volt end-point per nominal 45-volt section. 

Based on intermittent use of 3 to 4 hours daily at room temp. of 70° F. 
(For batteries manufactured in U. S. A. only.) 

ManuFacturer's 
Type No. Weight Current Drain in Ma. 

Burgess Eyeready Lb. Oz. 5 I 10 I 15 I 20 I 25 1 30 1 40 1 50 I 60 I 75 I 100 I 150 

— 758 1.4 8 Suggested current range = 7 to 12 Ma. 

21308 — 12 8 1600 1100 690 490 — 300 200 — 130 — 60 30 

10308 — 11 4 1300 750 520 350 — — 130 — 90 — 45 22 

— 754 6 8 Suggested count range = 5 to 15 Ma. 

2308 — 8 3 1100 500 330 200 — 150 65 — 34 I — — — 

— 487 4 2 Suggested current range = 7 to 12 Ma. 

B30 — 2 8 350 170 90 50 — 21 17 — — — — — 

A30 — 2 — 260 100 48 28 — 17 

— 482 1 14 400 208 122 80 — — — — — — — 

Z3ON — 1 4 155 70 30 20 15 9.5 — — — — — — 

— 467 — 12 82 30 — — — — — — — — — 

— 738 1 2 160 70 30 20 10 

W30FL — — 11 70 20 12 

— 455 — 8 82 30 — — — — — — — — — — 

XX30 — — 9 70 20 12 

TABLE 7-VII — FILAMENT-BATTERY SERVICE HOURS 
Estimated to 1-volt end-point per nominal 1.5-volt unit. Based on intermittent use of 3 to 4 
hours per day at room temperature. (For batteries manufactured in U. S. A. only.) 

Manufacturer's 
Type No. Weight Volt- 

age 

Current Drain in Ma. 

Burgess Eyeready Lb. Oz. 30 50 60 120 150 175 180 200 240 250 300 350 

— A-1300 — — 2000 1715 1500 1333 1250 1200 1000 854 

— 740 — —  — — — — 

— 741 1  — —  — — 270 — 

— 743  — 225 175 — 

— 742 —  — 120 90 — 

1100 600 — 320 230 190 

4F — 1 4 1.5 — — 600 340 230 — — 160 — 110 95 60 

— A-2300 11 — 2.5 — — — — 2000 1715 1500 1333 1250 1200 1000 854 

20F2 — 13 12 3.0 — — — — 1100 — — 850 — 775 600 500 

2F2H — 1 6 3.0 600 — 340 130 95 — — 60 — 42 30 

—2F2I3P2 — 1 5 3.0 600 — 340 130 95 — — ao — 42 30 — 

F2BP — — 12 3.0 340 — 130 45 30 — — — — — — 

G3, — 1 5 4.5 370 200 150 50 35 — — — — — — 

— 746 1 4 4.5 — 225 — — — — — — — — 

— 7182 2 13 6.0 — 415 — — — — — — — — — 

F4P1 — 1 6 60 340 150 130 45 30 — — — — — — 

Same life figures apply to 745, wt. 2 lb. 13 oz. 
,Same life figures apply to BFL, wt. 2 lb. 15 oz. 

I, Same life figures apply to 2F4, volts 6, wt. 2 lb. 11 oz. 
4Same life figures apply to G5, volts 71/2 , wt. 2 lb. 2 oz. 
Same life figures apply to 747, wt. 2 lb. 13 oz. 

If batteries of another make are to be used, locate ones of similar size and 
weight on these tables and comparable performance may be expected. 

continuously at full load. Ratings of typical 
engipe-driven units are given in Table 7-V. 
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 the 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 bulb, 
which is sometimes used for this purpose, is 
very inaccurate. Tests have shown that what 
appears to be normal brilliance in the lamp 
may occur at voltages as high as 150 if the 
check is made in bright sunlight. 
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Noise Elimination 

Electrical noise 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, otherwise 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-

Slop 
Rings 

1.-1,0 vote' AC—.1 Fo—oto vOt 1:1 0 C 

Fig. 7-39 — Connections used for eliminating inter-
ference from gas-driven generator plants. C should be 1 
pfd., 300 volts, paper, while C2 may be 1 dd. with a 
voltage rating of twice the d.c. output voltage delivered 
by the generator. X indicates an added connection 
between the slip ring on the grounded side of the line 
and the generator frame. 

Fig. 7-38 — Hash and 
smoothing filter com-
ponents are mounted 
in the bottom of the 
low-voltage vibrator 
power supply. The 4-
prong outlet socket is 
mounted on the side. 

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. 7-39, 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 cut out and a pair of headphones is con-
nected into the second detector. 

• 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. 

Their disadvantages are weight, high cost, 
and limited current capability. 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 continuously. 

Tables 7-VI and 7-VII give service life of 
representative types of batteries for various 
current drains, based on intermittent service 
simulating typical operation. The continuous-
service life will be somewhat greater at very 
low current drains and from one-half to two-
thirds the intermittent life at higher drains. 
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Keying and 

Break-In 

If the proper keying of a transmitter entailed 
only the ability to turn on and off the output, 
keying would be a simple matter. Unfortu-
nately, perfect keying is as difficult to obtain 
as perfect voice quality, and so is not a matter 
to be dismissed lightly. The keying of a trans-
mitter can be considered satisfactory if the 
power output is reduced to zero with the key 
open, or " up," and reaches full output when 

the key is closed, or "down." The keying sys-
tem should accomplish this without producing 
objectionable transients or " clicks," which 
cause interference with other amateur stations 
and with local broadcast reception. Further-
more, the keying process should cause no 
"chirp," which means that the transmitter 
output frequency should not be affected by the 
keying process. 

Keying Principles and Characteristics 

Back-Wave 

When the transmitter output is not reduced 
to zero under key-up conditions, the signal is 
said to have a back-wave. If the amount of 
back-wave is appreciable, the keying will be 
difficult to read. A pronounced back-wave may 
result when the amplifier feeding the antenna is 
keyed, as a result of the excitation energy feed-
ing through an incompletely-neutralized stage. 
Magnetic coupling between antenna coils and 
one of the driver stages on the operating fre-
quency is also a cause of back-wave. Direct 
radiation from a driver stage ahead of the 
keyed stage will result in a back-wave, but this 
type is generally heard only within a few miles 
of the transmitter, unless the driver stage is 
fairly high powered. 
A back-wave also may be radiated if the 

keying system does not reduce the input to the 
keyed stage to zero during keying spaces. 
This trouble will not occur in keying systems 
that completely cut off the plate voltage 
when the key is open. It will occur in grid-
block keying systems if the blocking voltage 
is not great enough, or in power-supply pri-
mary keying systems if only the final-stage 
power-supply primary is keyed. A vacuum-
tube keyer will give a back-wave if the " open " 
key resistance is too low. 

Key Clicks 

If a transmitter is keyed in such a manner 
that the power output rises instantly to its full 
value or drops immediately to zero, the re-
sultant short rise and decay times produce 
signals (at the times of closing and opening 
the key) extending from the signal frequency 
to several hundred kilocycles on either side. 

These signals are called " key clicks," and they 
will cause interference to other amateurs and 
other services. Consequently, keying systems 
must be used that increase the rise and decay 
times of the keyed characters, since this results 
in less click energy removed from the signal 
frequency. 
The simple process of making and breaking 

any circuit with current flowing through it will 
produce a brief burst of r.f. energy. This effect 
can be noticed in a radio receiver when an 
electric light or other appliance in the house is 
turned on or off. It is, therefore, not only nec-
essary to delay the rise and decay times of the 
keyed transmitter to prevent interference with 
other services, but it may be necessary to filter 
the r.f. energy generated at the key contacts 
if this energy is found to interfere with broad-
cast reception in the amateur's house or vicin-
ity. This interference is also called " key 
clicks." 

Getting back to the discussion of rise and 
decay times, tests have shown that practically 
all operators prefer to copy a signal that is 
"solid" on the " make" end of each dot or 
dash; i.e., one that does not build up too slowly 
but just slowly enough to have a slight click 
when the key is closed. On the other hand, the 
most-pleasing and least-difficult signal to copy, 
particularly at high speeds, is one that has 
a fairly soft " break" characteristic; i.e., one 
that has practically no click as the key is 
opened. A signal with heavy clicks on both 
make and break is difficult to copy at high 
speeds and also causes considerable interfer-
ence. If it is too " soft" the dots and dashes 
will tend to run together and the characters 
will be difficult to copy. The keying should be 
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adjusted so that for all normal hand speeds 
(15 to 35 w.p.m.) the readability will be satis-
factory without causing unnecessary interfer-
ence to the reception of other signals near the 
transmitter frequency. 

Chirps 

Keying should have no effect upon the fre-
quency of the transmitter. In many cases where 
sufficient pains havé not been taken, keying 
will cause a frequency change, or " chirp," 
at the instant of opening or closing the key. 
The resultant signal is unpleasant and, in 
cases of extreme chirp, difficult to copy. 
Multistage transmitters keyed in a stage fol-
lowing the oscillator are generally free from 
chirp, unless the keying causes line-voltage 
changes which in turn affect the oscillator fre-
quency. When the oscillator is keyed, as is 
done for " break-in" operation, particular care 
must be taken to insure that the signal does 
not have keying chirps. 

Break-In Operation 

In code transmission, there are intervals be-
tween 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 nor-
mal sensitivity during these intervals, it is pos-
sible for the receiving operator to signal the 
transmitting operator, by -holding his key 
down. This is useful during the handling of 
messages, since the receiving operator can im-
mediately 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 highly advantageous from an operating 
standpoint to design the c.w. transmitter for 
break-in operation. In most cases this requires 
that the oscillator be keyed, since a continu-
ously-running oscillator will create interférence 
in the receiver and prevent break-in on or near 
one's own frequency. On the other hand, it is 
easier to avoid a chirpy signal by keying a 
stage or two following the oscillator. Since the 
effect of a chirp is multiplied with frequency, it 
is quite difficult to obtain chirpless oscillator 
keying in the 14- and 28-Mc. bands. In any 
case, however, the stages following the keyed 
stage (or stages) must be provided with suf-
ficient fixed bias to limit the plate currents to 
safe values when the key is up and the tubes 
are receiving no excitation voltage. Complete 
cut-off reduces the possibility of a back-wave 
if a stage other than the oscillator is keyed, 
but the keying waveform is not well preserved 
and some clicks can be introduced, even though 
the keyed siege itself produces no clicks. It is a 
good general rule to bias the tubes following the 
keyed stage so that they draw a key-up current of 
about 5 per cent of the normal key-down value. 
The power broken by the key is an important 

consideration, both from the standpoint of 
safety to the operator and that of sparking at 
the key contacts. Keying of the oscillator or a 
low-power stage is favorable on both counts. 
The use of a keying relay is recommended when 
a high-power circuit is keyed. 

Keying Circuits 

Only general circuits can be shown for key-
ing, since the final decision on where and how 
to key rests with the amateur and depends 
upon the power level and type of operation. 

• PLATE-CIRCUIT KEYING 
Any stage of the transmitter 

by opening and closing 
the plate-power circuit. 
Fig. 8-1 shows how the 
key can be connected to 
key the plate circuit (A) 
or the screen circuit (B). 
The circuit in Fig. 8-1A 
shows the key in the nega-
tive power lead, although 
it could be placed in the 
positive lead, at the point 
marked " X." Either sys-
tem is recommended only 
for low-voltage circuits, 
on the order of 300 or less, 
unless a relay is used, be-
cause of the danger of ac-
cidental electrical shock. 

can be keyed 

- + PLATE 

(A) 

Fig. 8-1B shows the key in the scréen lead 
of an electron-coupled oscillator, and can be 
considered a variation of 8-1A that has the de-
sirable advantage of breaking less current at 
a lower voltage. 

Both of the circuits shown in Fig. 8-1 
respond well to the use of key-click filters, and 

Fig. 8-1— Plate-circuit keying is shown at A, and screen-grid keying is shown in 
B. Oscillator circuits are shown in both cases, but the same keying methods can 
be used with amplifier circuits. Notice the similarity between A and Fig. 8-5 — the 
only difference is in the way the grid return is connected. 
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are particularly suitable for use with crystal-
and self-controlled oscillators, which are gen-
erally operated at low voltage and low power. 

• PRIMARY KEYING 
A popular method of keying high-powered 

amplifiers is shown in Fig. 8-2. In its simplest 
form, as shown in 8-2A, it consists of key-
ing the primary of the plate transformer sup-
plying power to one or more of the driver 
stages. It has the advantage that the filter, 
LC, acts as a keying filter and prevents clicks. 
However, too much filter cannot be used or the 
keying will be too soft, and a single section is 
all that can normally be used. Since this will 
introduce some a.c. modulation on the keyed 
stages, it is essential that the amplifier driven 
by the keyed stage have sufficient excitation to 
operate as a Class C amplifier, which tends to 
eliminate the modulation existing in the exci-
tation voltage. Primary keying of the final 
plate power supply alone is not recommended, 
since it is practically impossible to comply 
with the FCC regulations about " adequately-
filtered power supply" and still avoid keying 
that is too soft. 

Primary keying of the driver power supply 
requires that the following amplifier stage 
(or stages) be biased to prevent excessive cur-

CA) 

(B) 

NEV. A.C..._07s .  

Fig. 8.2 — Primary-keying circuits. The circuit at A shom s primary key ing of the driver-stage (or stages) power sup-
ply, followed by an amplifier biased to or close to cut-off. The circuit of B uses primary keying of both driver and 
final supplies, and has the advantage that the key-up and key-down voltage on the final amplifier remains substan-
tially constant, thus eliminating the chance of clicks being introduced by the final-amplifier plate-supply regulation. 

In either case, L and C should be as small as possible, consistent with sufficient filtering and rectifier-tube limits. 
R in B need be only about 1000 ohms per volt. If a plate voltmeter is used, the bleed through it is sufficient, since 
the only function is to remove any long-standing charge from the power supply. A heavy bleed current will reduce 
the effectiveness of the keying system. See text for other bleeder suggestions. 
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rent under key-up conditions. If this bias ex-
ceeds the cut-off value for the tube (or tubes) a 
slightly more elaborate version of primary 
keying can be used, as shown in Fig. 8-2B. 
The primaries of both driver and final-am-
plifier plate supplies are keyed, and the sys-
tem has the advantage that the final-amplifier 
plate voltage remains substantially constant 
under key-up or key-down conditions, and 
thus no clicks can be introduced by the sudden 
changes in final-amplifier plate voltage as the 
excitation is applied or removed. The final-
amplifier plate supply will remain charged for 
several minutes after the last transmission, 
however, and extreme caution must be ex-
ercised. As a safety measure, the final-am-
plifier power supply can be discharged by a 
relay that shorts the supply through a 1000-
ohm resistor, or the bias can be removed and 
the final-amplifier tube will discharge the 
power supply. 
The keying system shown in Fig. 8-2B 

has been used to key an entire transmitter for 
break-in operation. The oscillator and mul-
tiplier/driver stages take their plate power 
from the supply with the small filter, while the 
final amplifier is powered from the heavily-
filtered supply. It is essential, however, in a 
transmitter keyed for break-in in this manner, 

4-- DRIVER 
STAGE 

c 

AMPLIFIER 
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Fig. 8-3 — Grid-controlled rectifier keying. Circuit is similar to Fig. 8-2, 
and the values of L and C are the same. A well-insulated keying relay, 
Ry, is used to control the bias on the rectifiers VI and V2. The bias voltage 
is obtained from a small receiver power-supply transformer, T2, the 80 
rectifier and filter condenser Ci. T2 does not need to be insulated for the 
full plate-supply voltage (obtained from TO because it is excited from the 
filament transformer for Vi and V2. It should be well insulated to ground. 
however. RI limits the short-circuit on the bias supply and can be ap-
proximately 50,000 ohms in value. 

that the oscillator be free from chirp, and this 
point should be checked carefully before using 
the system on,the air. 

In using primary keying up to several hun-
dred watts, direct keying in the primary circuit 
is satisfactory. For higher powers, however, a 
keying relay should be used, because of the 
arcing at the contacts. 

Fig. 8-3 shows grid-controlled rectifier tubes 
in the power supply. By applying suitable 
bias to the tubes when the key is up, no cur-
rent flows through the tubes. When the key is 
closed, the bias is removed and the tubes con-
duct. The system can be used in the same way 
that primary keying was used in Fig. 8-2A 
and B. This system is used only in high-
powered high-voltage supplies. 

• BLOCKED-GRID KEYING 
An amplifier tube can be keyed by applying 

sufficient negative bias voltage to the control 

Excitabon 

(A) 

+0pgaaising 

(B) 
2 

!RI 

o Blocking Bias 
Blocking Bias 

Fig. 8-4 — Blocked-grid keying. RI, the current-limit-
ing resistor, should have a value of about 50,000 ohms. 
CI may have a capacity of 0.1 to 1 a fd.' depending 
upon the keying characteristic desired. R2 also depends 
on the performance characteristic desired, values being 
of the order of 5000 to 10,000 ohms in most cases. 

or suppressor grid to cut off 
plate-current flow when the key 
is up, and by removing this 
blocking bias when the key is 
down. When the bias is applied 
to the control grid, its value will 
be considerably higher than the 
nominal cut-off bias for the tube, 
since the r.f. excitation voltage 
must be overcome. The funda-
mental circuits are shown in 
Fig. 8-4A and B. The circuits 
can be applied to oscillator tubes 
as well as amplifiers. Suppressor-
grid keying will not completely 
turn off a Tri-tet crystal oscil-
lator or electron-coupled self-
controlled oscillator, and is likely 
to cause serious chirps with the 
latter. 

In both circuits the key is 
connected in series with a re-
sistor, RI, which limits the cur-
rent drain on the blocking-bias 
source when th è key is closed. 
R2C1 is a resistance-capacitance 

filter that controls the rise time on make, the 
rise time increasing as R X C is made larger. 
C X (RI ± R2) controls the decay time on 
break in the same manner. Since grid current 
flows through R2 in Fig. 8-4A when the key is 

Fig. 8-5 — Center-tap and cathode keying. The conden-
sers, C, are r.f. by-pass condensers. Their capacity is not 
critical, values of 0.001 to 0.01 gfd. ordinarily being used. 

closed, operating bias is developed, and R2 18 
usually the normal grid leak for the tube. Thus 
C1 only is varied to obtain the proper rise time. 
With blocked-grid keying only a small cur-

rent is broken compared with other systems, 
and sparking at the key is slight. 

• CATHODE KEYING 
Keying the cathode circuit of a tube simul-

taneously opens the grid and plate circuits of 
the tube. This is shown in Fig. 8-5. The con-
denser C serves as a short path for the r.f. 
energy, since the keying leads are often long. 
When a filament-type tube is keyed in this 
manner, the key is connected in the filament-
transformer center-tap lead, as in Fig. 8-5, 
and the system is called center-tap keying. 
The condensers C serve the same purpose as in 
cathode keying. 
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Cathode (or center-tap) keying results in 

less sparking at the key contacts than does 
plate-supply keying, for the same plate power. 
When used with an oscillator it does not re-
spond as readily to key-click filtering as does 
plate-circuit keying, but it is an excellent 
method for amplifier keying. If plate voltages 
above 300 are used, it is highly advisable to use 
a keying relay, to avoid accidental electrical 
shock at the key. 

• KEYING RELAYS 
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-
rent-handling capability is also a factor. A 
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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. 

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. 

Key-Click Reduction 
As pointed out earlier, interference caused 

by the key breaking current and the fast rise 
and decay times of the keyed characters is 
called " key clicks." The elimination of the 
interference depends upon its type. 

• R.F. FILTERS 
Key clicks caused by the spark (often very 

minute) at the key contacts can be minimized 
by isolating the key from the rest of the 
wiring by a small r.f. filter. Such a filter usually 
consists of an r.f. choke in each key lead, placed 
right at the key terminals and by-passed on 
the line side by a small condenser. Such a cir-
cuit is shown in Fig. 8-7. Suitable values are 
best found by experiment, although 2.5-mh. 
r.f. chokes and an 0.001-pfd. condenser repre-
sent good starting points. The chokes must be 
capable of carrying the current that is broken, 
and the condenser must have a voltage rating 
equal at least to the voltage across the key 
under key-up conditions. Sometimes a small 

Dne 

RFC RFC 

Fig. 8-7 — R.f. filter used for 
eliminating the radiation effects 
of sparking at the key contacts. 
Suitable values for best results 
with individual transmitters must 
be determined by experiment. 
Values for RFC range from 2.5 
to 80 millihenrys and for C from 
0.001 to 0.1 pfd. 

Key 

condenser directly across the key terminals is 
also necessary to remove the last trace of click. 

This type of r.f. filter is required in nearly 
every keying installation, in addition to the cir-
cuits to be described in the following few para-
graphs. 

Keying Filters 

A filter used to give a desired shape to the 
keyed character, to eliminate clicks in the 

amateur band and adjacent services, is called a 
keying filter or lag circuit. In its simplest form 
it consists of a condenser and an inductance, 
connected as in Fig. 8-8. This type of keying 

To Keyed Citruié 

Fig. 8-8 — Lag circuit used for 
shaping the keying character to 
eliminate unnecessary sidebands. 
Actual values for any given circuit 
must be determined by experiment, 
and may range from 1 to 30 henrys 
for L and from 0.05 to 0.5 pfd. for 
C, depending on the keyed current 
and voltage. 

Firm Key 
andrf biter 

filter is suitable for use in the circuits-shown 
in Figs. 8-1 and 8-5. The optimum values of 
capacitance and inductance must be found by 
experiment but are not very critical. If a high-
voltage low-current circuit is being keyed, a 
small condenser and a large inductance will 
be required, while a low-voltage high-current 
circuit needs a large condenser and small in-
ductance to reduce the clicks properly. For 
example, a 300-volt 6-ma, circuit will require 
about 30 henrys and 0.05 edd., while a 300-volt 
50-ma, circuit needs about 1 henry and 0.5 
pfd. For any given set of conditions, increasing 
the inductance will reduce the clicks on 
" make" and increasing the capacitance will re-
duce the clicks on " break." 

Primary keying is adjusted by changing 
the filter values (L or C in Fig. 8-2). Since 
it is unlikely that a variety of chokes will be 
available to the operator, capacitance changes 
are usually all that can be made. If the keying 
is found too " soft," the value of C must be 
reduced. 

Blocked-grid keying is adjusted by changing 
the values of resistors and condensers in the 
circuit, as outlined under the description of the 
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circuit. The values required for individual 
installations will vary with the amount of 
blocking voltage and the value of grid leak. 

Tube Keying 

A tube keyer is a convenient device for key-
ing the transmitter, because it allows the key-
ing characteristic to be adjusted easily and also 
removes all dangerous voltages from the key 
itself. The current broken by the key is 
negligible and usually no r.f. filter is required 
at the key. A tube keyer uses a tube (or tubes 
in parallel) to control the current in the plate 

or cathode circuit of the stage being keyed. 
The keyer tube turns off the current flow when 
a high negative voltage is applied to the grid 
of the keyer tube. The keying characteristic 
is shaped through the time constants of the 
grid circuit of the keyer tube, in exactly the 
same way that it is controlled in blocked-grid 
keying. When a tube keyer is used to replace 
the key in a plate or cathode circuit, the power 
output of the stage may be reduced somewhat 
because of the voltage drop across the keyer 
tube but this is of little importance because the 
effect is not large. 

A Vacuum-Tube Keyer 

A tube-keyer unit is shown in Figs. 8-9 
and 8-10. T1, the 80 rectifier, and C1 and R1 
form the power-supply section that furnishes 
the blocking voltage for the keyer tubes. 

Fig. 8-9 — A vacuum-tube keyer, built up on a 7 X 
9 X 2-inch chassis with space for four or less keyer 
tubes and the power-supply rectifier. The resistors and 
condensers which produce the lag are underneath, con-
trolled by the knobs at the right. The jack is for the key, 
while terminals at the left are for the keyed circuit. 

Fig. 8-10 — Wiring diagram of 
CI — 2.5fd. 600-volt paper. 
C2 — 0.0033-pfd. mica. 
C3 — 0.0047-afd. mica. 
RI — 0.22 megohm, 1 watt. 
R2 — 50,000 ohms, 10 watts. 

Si and 82 and their associated resistors and 
condensers are included to allow the operator 
to select the keying characteristic he wants. A 
simplified version could omit the switches and 
extra components, since once the values have 
been selected the components can be soldered 
permanently in place. The rule for adjusting 
the keying characteristic is the same as for 
blocked-grid keying. However, large values of 
resistors and small values of condensers can 
be used, since there is no value of grid leak 
determinet1 by the tube that dictates a start-
ing point. 
As many 45s may be added in parallel as 

desired. The voltage drop through a single tube 
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 con-
nected to the transmitter ground. Thus the 
keyer can be used only in negative-lead or 
cathode keying. 
When the key or keying lead has poor in-

sulation, the resistance may become low enough 
(particularly in humid weather) to reduce the 
blocking voltage and allow the keyer tube to 
pass some current. This may cause a slight 
back-wave on the signal. 

 o 
KEYED CIRCUIT 

the practical vacuum-tube keyer unit and power supply shown in Fig. 8-9. 
112, R4 — 4.7 megohms, 1 watt. 
R6 — 0.47 megohm, 1 watt. 
SI, 52 3-position 1-circuit rotary switch. 
Ti — 325-0-325 volts, 5 volts and 2.5 volts (Thordareon 

T-13R01). 
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Checking Transmitter Keying 
One of the best ways to check your trans-

mitter keying is to enlist the aid of a near-by 
amateur and trade stations with him for a short 
time. Not only will you be able to check your 
own key clicks and chirps, if they exist, but if 
you have any complaint about the other fel-
low's signal this is a convenient way to let him 
know! 

• A SIGNAL MONITOR 
Lacking a conveniently-local amateur, your 

next best bet is to check your signals with a 
signal monitor. This consists of a completely-
shielded battery-operated simple receiver. The 
complete shielding reduces the signal from the 
transmitter to the point where it is possible to 
listen without having the signal " block" the 
monitor. The monitor can be used to listen to 
a harmonic of the transmitter, in the case of 
high-powered transmitters, or the monitor 
can be used at some distance from the trans-
mitter and remote keying leads run out for the 
test. A typical signal monitor is shown in Figs. 
8-11, 8-12, 8-13 and 8-14. 
The monitor is a two-tube regenerative re-

ceiver, as can be seen from the circuit diagram, 
Fig. 8-12. The 1T4 detector has emedium-C 
tank circuit and low value of grid leak (R1) 
to reduce blocking effects. Capacitance control 
of regeneration is obtained through C5. The 
1S4 audio amplifier gives reasonable headphone 
volume with the 45-volt plate supply. By-pass 
condensers across the headphone jack at-
tenuate signals picked up by the 'phone cords. 

The jack, Ji; is insulated from the panel by 
fiber washers to avoid shorting the plate-
supply battery. 
The monitor is built in a 5 X 9 X 6-inch 

" utility cabinet." The chassis is a small piece of 
sheet aluminum supported by the two variable 
condensers. The variable condensers fasten to 
the front panel (cover) of the cabinet by their 
single-hole mountings, and the tapped mount-
ing brackets of the condensers then serve as 
two brackets to support the chassis. The side 
walls of the cabinet bearing on the chassis con-
tribute to the rigielity of the assembly. 
A shield can is mounted over the antenna 

post, and is only removed when the signal isn't 
strong enough to be heard otherwise. Normally 
the shield can will be left in place. The can is 
one of the small aluminum cans 35-mm. film 
is packed in. The cover of the can is fastened 
to the panel with two screws, and a National 
XS-7 steatite bushing serves as a feed-through 
and antenna terminal. 
The coils are wound on Silver Type 125 coil 

forms, which are low-loss tube bases. The wind-
ing data are given in Fig. 8-12. For any one 
range, both coils are wound in the same direc-
tion, and the grid and plate leads are taken off 
at the outside ends of the coils. It isn't neces-
sary to wind coils for every amateur band, 
since one's listening should be done on the 
band in use or a higher-frequency one. Run-
ning one's hands over the 'phone cords or 
touching the cabinet at any point should re-
sult in no change in frequency. If any is noted, 

it indicates that the shielding and 
filtering are not adequate, and the 
grounding of Cg and C7 and the 
bonding of the cabinet should be 
thoroughly checked. 

• SIGNAL CHECKING 
WITH A RECEIVER 

If keying the transmitter does 
not affect the line voltage, the 
station communications receiver 
can be used to check keying. The 
antenna should be disconnected 
from the receiver and the antenna 
posts shorted to ground. This 
methcrd is satisfactory only when 
the line voltage is not affected by 
keying, since any changes in line 
voltage will probably affect the 
receiver frequency. Receivers with 

• 

Fig. 8-11 — A two-tube battery-operated 
monitor. The extra knob is a regeneration 
control, and the little aluminum box in 
the upper corner is a shield can for the 
antenna terminal. 
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Fig. 8-12 — Wiring diagram of the battery-powered monitor. 
Ci — 10-add. midget variable (Bud LC-1648). 
C2 — 3-30-gpfd. mica trimmer. 
C3 — 47-aafd. mica. 
C4, C6, C7 — 0.00 1-» fd mica. 
Cs — 75-mafd. midget variable ( II am marl u n d 11F-75 or Bud LC-1645). 
Ri — 0.1 megohm, 34 watt. 
R2 — 10,000 ohms, 34 watt. 
Li — 7 Mc.: 5 turns. 14 Mc.: 3 turns. 28 Mc.: 2 turns. 
— 7 Mc.: 14% turns. 14 Mc.: 6% turns. 28 Mc.: 2% turns. L: and 1.2 

are close-wound with No. 24 d.c.c. on 1%-inch diameter tube-base 
forms. Final adjustment of tuning range made by spacing top turns 
of L2 and/or setting C2. 

BA — I 'd-volt dry cell (Eveready No. 6 or equiv.). 
BB — 45-volt "B" battery, small size (Burgess XX30). 
Bc — 4% volts. Three "penlite" cells connected in series and wrapped 

with friction tape. 
Ji — Open-circuit jack. 
RFC — 2.5-mh. r.L choke (National B-100S). 
Ti — Interstage audio transformer, 3:1 ratio (Thordarson T13A34). 

good shielding will be more satisfactory than 
those that allow signals to leak in through the 
receiver wiring. 

Key Clicks 

When checking for key clicks, the b.f.o. and 
a.v.c. of the monitoring receiver should be 
turned off. If the monitor of Fig. 8-11 is used, 
the regeneration control should be backed off 
until the detector is out of oscillation. The 
keying should be adjusted so that a slight 
click is heard as the key is closed but prac-
tically none heard as the key is 
opened. When the keying con-
stants have been adjusted to meet 
this condition, the clicks will be 
about optimum for all normal 
amateur work. The receiver gain 
should be reduced during these 
tests, since false clicks can be gen-
erated in the receiver if the re-
ceiver is overloaded. No clicks 
should be heard off the signal fre-
quency. Checks should be made 
with no r.f. power but with the key 
breaking its normal current, to in-
sure that local clicks are not gen-

Fig. 8-13 — A view of the monitor dis-
assembled, giving an idea of the arrange-
ment of parts and the batteries.'I'he tube 
shields cover the audio amplifier (left) 
and the oscillating detector (center). 

erated by sparking at the key. 
To do a good job of checking 
clicks, those caused by sparking 
at the key must be eliminated 
independently of those gener-
ated by the keyed r.f. carrier. 

Chirps 

Keying chirps may be checked 
by tuning in the signal or one of 
its harmonics on the highest 
frequency range of the receiver 
or monitor and listening to the 
beat-note in the normal manner. 
The gain should be sufficient to 
give moderate signal strength, 
but it should be low enough to 
avoid overloading. Adjust the 
tuning to give a low-frequency 
beat-note and key the trans-
mitter at several different 
speeds. Any chirp introduced by 
the keying will show up. The 
signal should be tuned in on 
either side of zero beat and at 
various beat frequencies for a 
complete check. Listening to a 
harmonic magnifies the effect of 
any chirp and makes it easier 
to detect. 

Oscillator Keying 

The keying of an amplifier is relatively 
straightforward and requires no special treat-
ment, but considerable care may be necessary 
with oscillator keying. Any oscillator, either 
crystal or self-controlled, should oscillate at 
low voltages (on the order of two or three volts) 
and have negligible change in frequency with 
plate voltage, if it is to key without chirps or 
clicks. A crystal oscillator will oscillate at low 
voltages if a regenerative type such as the Tri-
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tet or grid-plate is used and if an r.f. choke is 
connected in series with the grid-leak resistor, 
to reduce loading on the crystal. Crystal oscil-
lators of this type are generally free from chirp 
unless the crystal is a poor one or if there is too 
much air gap in the crystal holder. 

Self-controlled oscillators are more difficult 
to operate without chirp, but the important 
requirements are a high C to L ratio in the 
tank circuit, low plate (and screen) currents, 
and careful adjustment of the feed-back. A 
self-controlled oscillator intended to be keyed 
should be designed for best keying rather than 
maximum output. 

Stages Following Keying 

When a keying filter is being adjusted, the 
stages following the keyed stage should be 
made inoperative by removing the plate 
voltage. This allows the keying to be checked 
without masking by effects caused in the 
later stages. The following stages should 
then be connected in, one at a time, and the 
keying checked after each addition. An increase 
in click intensity (for the same carrier 
strength in the receiver) indicates that the 
clicks are being added in the stages follow-
ing the one being keyed. The fixed bias on 
suchrstages should be sufficient to reduce 
the idling plate current (no excitation) to a 
low value, but not to zero. Under these 
conditions, any instability or tendency 
toward parasitic oscillations will show up. 
The output condensers on the filters of the 
power supplies feeding these later stages 
can often be increased to good advantage in 
reducing clicks introduced by these stages. 
Low-frequency parasitic oscillations in 

later stages can cause key clicks removed 
from the signal frequency by 50 or 100 kc. 
These clicks are often difficult to track 
down, but they cause considerable inter-
ference and cannot be tolerated. They are 
most common in beam-tetrode stages, and 

11511. 
A.C. 

Fig. 8-14 — A close-up view of the under-
side of the monitor chassis, showing the 
main tuning condenser (right), the pad-
ding condenser mounted on the coil 
socket, and the feed-back control 
condenser. 

often can only be eliminated by 
neutralizing the tetrode stage. 
Since the parasitic oscillations are 
of a transient nature, and exist 
only during the make and break 
periods of keying, they are much 
harder to find than parasitics that 
are not transient. 

• MONITORING OF KEYING 
Most operators find a keying monitor help-

ful in developing and maintaining a good 
"fist," especially if a " bug" or semiautomatic 
key is used. The most popular type of monitor 
is an audio oscillator which is keyed simul-
taneously we the transmitter. The output of 
the audio oscillator is coupled to the receiver 
headphones or loudspeaker. The circuit dia-
gram for a simple monitor of this type is shown 
in Fig. 8-15. The plate voltage, as well as the 
heater voltage, is supplied by a 6.3-volt fila-
ment transformer. One section of the 6F8G 
dual triode is used as the rectifier to supply 
d.c. for the plate of the other section, and this 
latter section is used as the oscillator. A 
change in the value of R1 will alter the output 
tone. The output post marked " GND" should 
be connected directly to the receiver chassis, 
while " P1" should be connected to the " hot" 
side of the headphones. Shunting the head-
phones with the oscillator may cause some loss 
in volume from the receiver, unless the cou-

T1 6F86 

2 3 

Fig. 8-15 — Circuit diagram of a keying monitor of the 
audio-oscillator type, with self-contained power supply. 
Ci — 25-pfd. 25-volt electrolytic. 
C2 - 220-ppfd. mica. 
Ca — Approximately 0.01 pfd. (see text). 
RI — 0.15 megohm, watt. 
R2 - Approximately 0.1 megohm, 1 watt. 
T1 6.3-volt 1-ampere filament transformer. 
T2 - Small audio transformer, interstage type. 
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piing capacitor, C3, is made small. However, the 
capacitor should be made large enough to pro-
vide good transfer of the oscillator signal to 
the headphones or 'speaker. 

If the transmitter oscillatcrr is keyed for 
break-in, the keying terminals of the oscillator 
may be connected in parallel with tho,,e of the 

transmitter. With cathode or negative-plate-
supply keying, Terminals 1 and 2 should be 
connected across the key, with Teminal 2 
going to the ground side. If blocked-grid key-
ing is used, Terminals 1 and 2 should be con-
nected to the ground side of the key and Ter-
min:11 3 to the " hot" (negative) side of the key. 

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 
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Fig. 8-16 — Wiring diagram for smoothebreak-in opera-
tion. The leads shown as heavy lines should be kept as 
short as possible, for minimum pick-up of the trans-
mitter signal. 
Ci, Ca, C3 — 0.001 eifd. 
Ri — Receiver manual gain control. 
112 — 5000- or 10,000-ohm wire-wound potentiometer. 
RFQ, RFC2, RFC3 — r.f. choke. 
fly — 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 are sent, and a 
means for reducing the gain of the receiver at 

the same time is often necessary. The system 
shown in Fig. 8-16 permits quiet break-in 
operation for higher-powered stations. It re-
quires a simple operation on the receiver but 
otherwise is perfectly straightforward. R1 is 
the regular receiver r.f. and i.f. gain control. 

The ground lead is lifted on this control 
and run to a rheostat, R2, that goes to 
ground. A wire from the junction runs 
outside the receiver to the keying relay, 

_ 

Ry. When the key is up, the ground side 
of R1 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 R1 
and applies additional bias to the tubes 
in the receiver. This bias is controlled by 
R2. When the relay closes, it also closes 
the circuit to the transmitter oscillator. 

C2, .C3, RFC2 and RFC3 is a keying filter to 
suppress the clicks caused by the relay current. 
The keying relay should be mounted on the 

receiver as close to the antenna terminals as 
possible, and the leads shown heavy in the 
diagram should be kept short, since long leads 
will allow too much 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 required. The revised portion 
of the schematic is shown in Fig. 8-17. 

• A DE LUXE BREAK-IN SYSTEM 
In many instances it is quite difficult to key 

an oscillator without clicks and chirps. Most 
oscillators will key without apparent chirp 

Recei v ing 
An tenna 

Ant. 

Ant. 

Gnd. 

_ _ _ _ _ _ 
Fig. 8-17 — Necessary circuit revision of Fig. 8-16 if a 
two-wire lead from the receiving antenna is used. 
RFQ is a 2.5-mh. r.f. choke — other values are the same 
as in Fig. 8-16. 
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Oscillator 

LI 

Ant 

 OG nd 

Fig. 8-18 — A de luxe break-in system that holds the 
oscillator circuit closed (and the receiver input shorted) 
during a string of fast dots but opens between letters or 
words. 
Ct — 0.001 dd. 

— 0.005 dd. 
RI — 20,000 ohms, 10 watts, wire-wound. 
112 — 1800 ohms. 
Ra — 1500 ohms. 
RS, Rs — 1.0 megohm. 
Rs — 4700 ohms. 
R7 — 6.8 megohm. 
Rs — 0.47 megohm. 
Ra — 50-ohm center-tappee resistor , 2 watts. 
All resistors 1-watt composition unless other% ise noted. 

RFC' — 2.5-mh. r.f. choke. 
Ry — High-speed relay, 1400-ohm 18-volt coil (Stevens-

Arnold Type 172 Millisec relay). 

if the rise and decay times are made vet y short, 
but this introduces key clicks that cannot be 
avoided. The system shown in Fig. 8-18 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. 8-18, the circuit is 

a combination of the break-in system of Fig. 
8-16 and the tube keyer of Fig. 8-9, with a 
6SN7 tube and a few resistors added. Normally 
the left-hand portion of the 6SN7 is biased to a 
low value of plate current by the drop 
through R2 (part of the bleeder R1R2R3) and 
the relay is open. When the key is closed and 
C2 starts to discharge, the right-hand portion 

Receiver 

To 
Keyed 
Amplifier 

of the 6SN7 draws current 
and this in turn puts a less-
negative voltage on the grid 
of the left-hand portion. The 
tube draws current and the 
relay closes. The relay will 
stay closed until the negative 
voltage across C2 is close to 
the supply voltage, and con-
sequently a string of dots or 
dashes (which don't give C2 a 
chance to charge to full nega-
tive) will keep the relay 
closed. In adjusting the sys-
tem, R2 controls the amount 
of idling current through the 
relay and R6 determines the 
voltage across the relay. R7, 
R8 and C2 are the normal re-
sistors and condenser for the 
tube keyer. When adjusted 
properly, the relay will close 
without delay on the first dot 

 o and open quickly during the 
spaces between 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 following the oscillator, far enough 
removed in the circuit to avoid reaction on the 
oscillator. 

• ELECTRONIC 
KEYS 

Electronic keys, as contrasted with mechani-
cal automatic keys, use vacuum tubes (and 
possibly relays) to form automatic dashes as 
well as automatic dots. Full descriptions of 
such devices can be found in the following QST 
articles: 
Beecher, " Electronic Keying," April, 1940. 
Grammer, " Inexpensive Electronic Key," 
May, 1940. 

Savage, " Improved Switching Arrangement 
for Simplified Electronic Key," March, 1942. 

Gardner, " New Electronic-Key Circuits," 
March, 1944. 

Wiley, " Simplifying the Electronic Key," 
July, 1944. 

" Electronic Bug Movement," Feb., 1945. 
Snyder, " Versatile Electronic Key," March, 

1945; correction, page 82, May, 1945. 
Beecher, " Better Electronic Keyer," August, 

1945. 
DeHart, " De luxe Electronic Key," Sept., 

1946; correction, page 27, Jan., 1947. 



CHAPTER 9 

Radiotelephony 
• 

To transmit intelligible speech by radio it is 
necessary to modulate the normally-constant 
output of the radio-frequency section of a 
transmitter. Modulation, defined in the most 
simple terms, is the process of varying the 
transmitter output in a desired fashion. In 
the case of radiotelephony, it means varying 
the radio-frequency output in a way that fol-
lows the spoken word. 
The unmodulated r.f. output of the trans-

mitter is called the carrier. In itself, the carrier 
conveys no information to the receiving opera-
tor — other than that the transmitting station 
is "on the air." It is only when the carrier is 
modulated that it becomes possible to transmit 
a message. 

• METHODS OF MODULATION 
The carrier as generated by the transmitter 

is a simple form of alternating current — prac-
tically a sine wave. As such, it has three "di-
mensions" that can be varied — its amplitude, 
its frequency, and its phase. Modulation can 
be applied successfully to any of the three. 

In amplitude modulation (AM) the ampli-
tude of the carrier is made to vary upward 
and downward, following similar variations in 
audio-frequency currents generated by a mi-
crophone. In this type of modulation the 
frequency and phase of the carrier are unaf-
fected by the modulation. Amplitude modula-
tion is today the most widely-used system in 
amateur stations. 

In frequency modulation (FM) the fre-
quency of the carrier is made to vary above 
and below the unmodulated carrier frequency, 

• the frequency variations being made to follow 
the a.f. currents. The power output of the 
transmitter does not change in frequency 
modulation. The phase of the carrier does 
change, however, since frequency and phase 
are intimately related. 

In phase modulation (PM) the phase of 
the carrier is advanced and retarded by the 
modulating audio-frequency current. The 
transmitter power does not vary with modula-
tion, but the carrier frequency changes. 
These definitions are quite broad, and de-

tailed explanations of the three systems are 
given later in this chapter. 

• SIDEBANDS 
No matter what the method of modulation, 

the process of modulating a carrier sets up 
new groups of radio frequencies both above 
and below the frequency of the carrier itself. 
These new frequencies that accompany the 
modulation are called side frequencies, and the 
frequency bands occupied by a group of them 
when the modulating signal is complex (as it 
is with voice modulation) are called side-
bands. Sidebands always appear on both sides 
of the carrier; the band higher than the carrier 
frequency is called the upper sideband and the 
band lower than the carrier frequency is called 
the lower sideband. The modulation (that is, 
the intelligence) in the signal is carried in the 
sidebands, not in the earrier itself. 
The result of this is that a modulated signal 

occupies a group or band of frequencies (chan-
nel) rather than the single frequency of the 
carrier alone. Just how much of a frequency 
band (that is how wide a channel) is occupied 
depends upon the method of modulation and 
the frequency characteristics of the modulating 
signal itself. 
A normal voice contains frequencies or tones 

ranging from perhaps a hundred cycles at the 
low end to several thousand cycles at the high 
end. Vowel sounds (a, e, i, o, u) are in general 
fairly low in frequency and contain most of 
the voice power. Consonants usually are char-
acterized by higher frequencies, and the hissing 
sound of the letter "S" is particularly high up 
in the audio-frequency range. The timbre of a 
voice, or the thing that makes it possible for 
us to distinguish the voices of different indi-
viduals, results principally from overtones 
or harmonics. All these things add up to the 
fact that a fairly wide range of audio frequen-
cies is needed for the accurate reproduction of a 
particular voice. 
On the other hand, the frequency range re-

quired for good intelligibility is not nearly so 
wide as that needed for accurate reproduction 
or "fidelity." For the latter, an audio system 
that is "fiat" — that is, has the same amplifi-
cation at all frequencies — over the .range up 
to about 10,000 cycles is required. But a sys-
tem that "cuts off" above 2500 cycles — that 
is, has comparatively little output above that 
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figure will transmit everything that is nec-
essary for understandable speech. The speech 
may sound a little less like the speaker's 
actual voice, but it will be thoroughly intelli-
gible to the receiving operator. 

This distinction between intelligibility and 
"quality" is extremely important. The mini-
mum channel occupied by a 'phone transmit-
ter, no matter what the system of modulation, 
is equal to twice the highest audio frequency 
present in the modulation. If audio frequencies 
up to 10,000 cycles are contained in the modu-
lation, the channel will be at least twice 
10,000 or 20,000 cycles (20 kc.) wide. But 
if there are no frequencies above 2500 cy-
cles in the modulation, the channel will be 
only 5000 cycles (5 kc.) wide. In amateur 
bands where there is a great deal of congestion 
it is in everybody's interest that each trans-
mitter should occupy no more than the mini-
mum channel needed for transmitting in-
telligible speech. Taking up a wider frequency 
channel than that simply creates unnecessary 
interference. 

Also, transmitting a wide range of audio 
frequencies in a congested band actually ac-
complishes nothing, insofar as "fidelity" is 
concerned; the receiving operator has to use so 
much receiver selectivity — in order to "copy" 
the signal at all — that the higher-frequency 
sidebands are rejected by the receiver. Those 
sidebands do, however, continue to interfere 
with stations operating on near-by carrier 
frequencies. 
We have said that the minimum channel is 

equal to twice the highest audio frequency in 
the modulation. The actual channel occupied. 
may be several times the minimum necessary 
channel-width. This depends on the system of 
modulation used, for one thing. For another, it 
depends on whether the system is operated 
properly or whether it is misadjusted. Improper 
operation of any sort invariably increases the 
channel-width. Since the amount of frequency 
space available for amateur operation is lim-
ited, no operator of an amateur 'phone station 
can avoid the obligation to confine his trans-
missions to the least possible space. 

Amplitude Modulation 

In amplitude modulation, as we have al-
ready stated, the amplitude or strength of the 
carrier is varied up and down from the unmodu-
lated value. The several methods of making 
the carrier strength vary are discussed in a 
later section; for the moment let us look only 
at the end result that is the object of all the 
various amplitude-modulation systems. 

In Fig. 9-1, the drawing at A shows the 
unmodulated r.f. carrier, assumed to be a sine 
wave a the desired radio frequency. The 
graph can be taken to represent either voltage 
or current, and each cycle has just the same 
height as the preceding and following ones. 

In B, the carrier wave is assumed to be 
modulated by a signal having the shape shown 
in the small drawing above. The frequency of 
the modulating signal is much lower than the 
carrier frequency, so quite a large number of 
carrier cycles can occur during each cycle of 
the modulating signal. This is a necessary con-
dition for good modulation, and always is the 
case in radiotelephony because the audio fre-
quencies used are very low compared with the 
radio frequency of the carrier. (Actually, there 
would be very many times more r.f. cycles in 
each modulation cycle than are shown in the 
drawing; so many that it is impossible to make 
the drawing to actual scale.) When the modu-
lating signal is "positive" (above its axis) 
the carrier amplitude is increased above its 
unmodulated amplitude; when the modulating 
signal is "negative" the carrier amplitude is 
decreased. Thus the carrier grows larger and 
smaller with the polarity and amplitude of the 
modulating signal. 
The drawing at C shows what happens with 

a stronger modulating signal. In this case the 

strength of the modulation is such that on the 
"up" modulation the carrier amplitude is 
doubled at the instant• the modulating signal 
reaches its positive peak. On the negative 
peak of the modulating signal the carrier 
amplitude just reaches zero; in other words, 
the carrier is " all used up." 

Percentage of Modulation 

When a modulated wave is detected in a re-
ceiver the sound that comes out of the loud-

(B) 

-r-

Wareshope of 
Modulotinf Sea 

Wareshape of 
Modulatmq Si9nal 

Fig. 9-1— Graphiea representat on of (A) carrier un-
modulated, (B) modulated 50%, (C) modulated 100%. 
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speaker or headset is caused by the modulation, 
not by the carrier. In other words, in detect-
ing the signal the receiver eliminates the 
carrier and takes from it the modulating sig-
nal. The stronger the modulation, therefore, 
the greater is the useful receiver output. Obvi-
ously, it is desirable to make the modulation 
as strong or "heavy!' as possible. A wave 
modulated as in Fig. 9-1C would produce con-
siderably more useful signal than the one 
shown at B. 

The "depth" of the modulation is expressed 
as a percentage of the unmodulated carrier 
amplitude. In either B or C, Fig. 9-1, X repre-
sents the unmodulated carrier amplitude, Y 
is the maximum increase in amplitude on the 
modulation up-peak, and Z is the maximum 
decrease in amplitude on the modulation down-
peak. Assuming that Y and Z are equal, then 
the percentage of modulation can be found by 
dividing either Y or Z by X and multiplying 
the result by 100. In the wave shown in Fig. 
9-1C, Y and Z are both equal to X, so the 
wave is modulated 100 per cent. In case the 
modulation is not symmetrical (Y and Z not 
equal), the larger of the two should be used 
for calculating the percentage of modulation. 
The outline of the modulated wave is called 

the modulation envelope. It is shown by t he 
thin line outlining the patterns in Figs. 9-1 and 
9-2. 

Power in Modulated Wave 

The amplitude values shown in Fig. 9-1 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 long as the 
resistance in the circuit is unchanged), so 
at the peak of the modulation up-swing the 
instantaneous power in the wave of Fig. 9-1C 
is four times the unmodulated carrier power 
(because the current and voltage are doubled). 
At the peak of the down-swing the power is 
zero, since the amplitude is zero. With a sine-
wave modulating signal, the average power in 
a 100-per-cent modulated wave is one and one-
half times the value of unmodulated carrier 
power; that is, the power output of the trans-
mitter increases 50 per cent with 100-per-cent 
modulation. 
The complex waveform of speech does not 

contain as much power as there is in a pure 
tone or sine wave of the same peak amplitude. 
On the average, speech waveforms will contain 
only about half as much power as a sine wave, 
both having the same peak amplitude. The 
average power output of the transmitter 
therefore increases only about 25 per cent 
with 100-per-cent speech modulation. How-
ever, the instantaneous power output must 
quadruple on the peak of 100-per-cent modula-
tion regardless of the modulating waveform. 
Therefore, the peak output-power capacity of 
the transmitter must be the same for any type 
of modulating signal. 

Ovennodulation 

If the carrier is modulated more than 100 
per cent, a condition such as is shown in Fig. 
9-2 occurs. Not only does the peak amplitude 
exceed twice the carrier amplitude, but there 
actually may be a considerable period during 
which the output is entirely cut off. Therefore 
the modulated wave is distorted, and the modu-
lation contains harmonics of the audio modu-
lating frequency. 

Fig. 9-2 — An over-
modulated r.f. car-
rier wave. 

7 -\ ./ Waveshape oi 
Medulatiny &rat 

The sharp "break" when the carrier is sud-
denly cut off on the modulation down-swing 
produces a type of distortion that contains a 
large number of harmonics. For example, it is 
easily possible for harmonics up to the fifth 
to be produced by a relatively small amount of 
overmodulation. If the modulating frequency 
is 2000 cycles, this means that the actual 
modulated wave will have sidebands not only 
at 2000 cycles, but also at 4000, 6000, S000 
and 10,000 cycles each side of the carrier fre-
quency. The signal thus occupies five times 
the needed channel-width. It is obviously of 
first importance to prevent the modulation 
• from exceeding 100 per cent, and thus prevent 
' the generation of spurious sidebands — com-
monly called "splatter." 

Carrier Requirements 

For satisfactory amplitude modulation, the 
carrier frequency should be entirely unaffected 
by the application of modulation. If modulat-
ing the amplitude of the carrier also causes a 
change in the carrier frequency, the frequency 
will wobble back and forth with the modula-
tion. This causes distortion and widens the 
channel taken by the signal. Thus unnecessary 
interference is caused to other transmissions. 
In practice, this undesirable frequency modula-
tion 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 regula-
tions 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. 
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Plate Power Supply 

The d.c. power supply for the plate or plates 
of the modulated amplifier must be well fil-
tered; if it is not, the plate-supply ripple will 
modulate the carrier and cause annoying hum. 
To be substantially hum-free, the ripple volt-
age 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 con-
denser capacitance required depends on the 
ratio of d.c. plate current to plate voltage in 
the modulated amplifier. The requirements 
will be met satisfactorily if the capacitance 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 

275 
C = 25 E — = 25 X — = 25 X 0.22 = 5.5 pfd. 

1250 

Linearity 

Up to the limit of 100-per-cent modulation, 
the amplitude of the r.f. output should be di-
rectly proportional to the amplitude of the 
modulating signal. Fig. 9-3 is a graph of an 
ideal modulation characteristic, or curve, 
showing the relationship between r.f. output 
amplitude and modulating-signal amplitude. 
The modulation swings the amplitude back 
and forth along the curve A as the modulating 
signal alternately swings positive and negative. 
Assuming that the negative peak of the modu-
lating signal is just sufficient to reduce the car-
rier amplitude to zero (modulating signal equal 
to —1 in the drawing), the same modulating 
signal peak in the positive direction (+ 1) 
should cause the r.f. amplitude to reach twice 
its unmodulated-carrier value. The ideal modu-
lation characteristic 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 signal reaches its positive peak. A 
modulation characteristic of this type gives 
a modulation envelope that is "flattened" on 
the up-peak; in other words, the modulation 
envelope is not an exact reproduction of the 

modulating signal. It is therefore distorted and 
harmonics are generated, causing the trans-
mitted signal to occupy a wider channel than 
is necessary. A nonlinear modulation charac-
teristic can easily result when a transmitter is 
not properly designed or is misadjusted. 

susto.griom UP-_PEAK  A 

g 

CARRIER AMPLITUDE 

1 

MODULATING SIGNAL 

Fig, 9-3 — The modulation characteristic shows the 
relationship between the instantaneous amplitude of the 
r.f. output and the instantaneous amplitude of the 
modulating signal. The ideal characteristic is a straight, 
line, as shown by curve A. 

The modulation capability of the transmitter 
is the maximum percentage of modulation that 
is possible without objectionable distortion 
from nonlinearity. The maximum capability is 
100 per cent on the down-peak but can be 
higher on the up-peak. The modulation capa-
bility should be as high as possible, so that the 
most effective signal can be transmitted for a 
given carrier power. 

Types of Amplitude Modulation 

The most widely-used amplitude-modulation 
system is that in which the modulating signal 
is applied in the plate circuit of a radio-fre-
quency power amplifier (plate modulation). In 
a second type the audio signal is applied to 
a control grid (grid-bias modulation). A third 
system, involving variation of both plate and 
grid voltages, is called cathode modulation. 

• 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 
modulated amplifier, and is the easiest to ad-
just for proper operation. 

Fig. 9-4 shows the most widely-used system 
of plate modulation. 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. The audio-frequency 
power generated by the modulator is corn-
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bined 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 coupling 
transformer must be such that the voltage at 
the plate of the modulated amplifier varies 
between zero and twice the d.c. operating 
plate voltage, thus causing corresponding va-
riations in the amplitude of the r.f. output. 

As stated earlier, 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 output of the modula-
tor must be 50 watts. 

Modulating Impedance; Linearity 

The modulating impedance, or load resist-
ance presented to the modulator by the modu-
lated r.f. amplifier, is equal to 

Eb 

/p X 1000 

where Eb = D.c. plate voltage 
D.c. plate current (ma.) 

Eb and 4 are measured without modulation. 
The power output of the r.f. amplifier must 

vary as the square of the plate voltage (the r.f. 
voltage must be proportional to the applied 
plate voltage) in order for the modulation to 
be linear. This will be the case when the ampli-
fier operates under Class C conditions. The 
linearity then depends upon having sufficient 
grid excitation and proper bias, and upon the 
adjustment of circuit constants to the proper 
values. 

Adjustment of Plate-Modulated Amplifiers 

The general operating conditions for Class 
C operation have been described in Chapter 
Six. 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 de-
grees at carrier plate voltage, and the grid 
excitation should be great enough so that the 
amplifier's plate efficiency will stay constant 
when the plate voltage is varied over the range 
from zero to twice the unmodulated value. 
For best linearity, the grid bias should be ob-
tained partly from a fixed source of about the 
cut-off value, and then supplemented by grid-
leak bias to supply the remainder of the re-
quired operating bias. 
The maximum permissible d.c. plate power 

input for 100-per-cent modulation is twice the 
sine-wave audio-frequency power output of the 
modulator. This input is obtained by varying 
the loading on the amplifier (keeping its tank 
circuit tuned to resonance) until the product 

of d.c. plate voltage and plate current is the de-
sired 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 later in this chap-
ter in the section on Class B modulator design. 

Neutralization, when triodes are used, 
should be as nearly perfect as possible, since 
regenération may cause nonlinearity. The am-
plifier also must be completely free from para-
sitic oscillations. 

Although the effective value of power input 
increases with modulation, as described above, 
the average d.c. plate power input to a plate-
modulated amplifier does not change. This is 
because each increase in plate voltage and plate 
current is balanced by an equivalent decrease 
in voltage and current on the next half-cycle of 
the modulating signal. The d.c. plate current 
to a properly-modulated amplifier is always 
constant, with or without modulation. On the 
other hand, an r.f. ammeter connected in the 
antenna or transmission line will show an in-
crease in r.f. current with modulation. 

Screen-Grid Amplifiers 

Screen-grid tubes of the pentode or beam-
tetrode type can be used as Class C plate-
modulated amplifiers by applying the module. 

+5 +0 

Fig. 9-4 — 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. (See section on Class B modulators.) 

tion 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. 9-5. The dropping resistor, R, 
should be of the proper value to apply normal 
d.c. voltage to the screen under steady carrier 
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Fig. 9-5 — Plate and screen modulation of a Class C 
r.f. amplifier using a pentode tube. The plate r.f. by-pass 
condenser, CI, should have reasonably high reactance 
at all audio frequencies. (See section on Class B modu-
lators.) The screen by-pass, C2, should be 0.002 afd. or 
less in the usual case. 

conditions. Its value can be calculated by 
taking the difference between plate and screen 
voltages and dividing it by the rated screen 
current. 
The modulating impedance is found by di-

viding 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 the 
modulator. 

Modulation of the screen along with the 
plate is necessary because both elements 
affect the plate current in a power-type screen-
grid tube, and a linear modulation character-
istic cannot be obtained by modulating the 
plate alone. However, at least some types of 
beam tetrodes (the 4-250A and 4-125A, for 
example) 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. 9-6. The choke coil L1 is the 
audio impedance in the screen circuit; its 
inductance should be large enough to have a 
reactance (at the lowest desired audio fre-
quency) 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 Coupling 

Fig. 9-7 shows the circuit of the choke-
coupled system of plate modulation. The d.c. 
plate power for both the modulator tube and 
modulated amplifier is furnished from a com-
mon source through the modulation choke, L. 
This choke must have high impedance, com-
pared to the modulating impedance of the 
Class C amplifier, for audio frequencies. 
The modulator operates as a power amplifier 
with the plate circuit of the r.f. amplifier as its 
load, the audio output of the modulator being 
superimposed on the d.c. power supplied to the 
amplifier. 

For 100-per-cent modttlation, the audio volt-

age applied to the r.f. amplifier plate circuit 
across the choke, L, must have a peak value 
equal to the d.c. voltage on the modulated 
amplifier. To obtain this without distortion 
the r.f. amplifier must be operated at a lower 
d.c. plate voltage than the modulator. The 
extent of the voltage difference is determined 
by the type of modulator tube used. The neces-
sary drop in voltage is provided by the resistor, 
R1, which is by-passed for audio frequencies 
by the by-pass condenser, CI. 

This type of modulation seldom is used 
except in very low-power portable sets, be-
cause a Class A modulator is required. The 
output of a Class A modulator is very low 
compared to the power obtainable from a pair 
of tubes of the same size operated Class B, 
so only a small amount of r.f. power can be 
modulated. 

• GRID-BIAS MODULATION 
Fig. 9-8 is the diagram of a typical arrange-

ment for grid-bias modulation. In this system, 
the secondary of an audio-frequency output 
transformer, the primary of which is con-
nected in the plate circuit of the modulator 
tube, is connected in series with the grid-bias 
supply for the modulated amplifier. The audio 
voltage varies the grid bias, and thereby the 
power output of the r.f. stage. The r.f. stage is 
operated as a Class C amplifier. 

In this system the plate voltage is constant, 
and the increase in power output with modu-
lation is obtained by making both the plate 
current and plate efficiency vary with the mod-

R 1F 
ExCltatIOn 

2_ 

DC SCREEN + 13 
SUPPLY 

Fig. 9-6— Plate modulation of a beam tetrode, using 
an audio impedance in the screen circuit. The value of 
Li is discussed in the text. See Fig. 9-5 for data on by-
pass capacitors CI and Cs. 

ulating signal. 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 modulation 
peak the power input is doubled, and since 
the plate efficiency also is doubled at the same 
instant the peak output power will be four 
times the carrier power. The maximum effi-
ciency obtainable in practicable circuits is of 
the order of 70 to 80 per cent, so the carrier 
efficiency ordinarily cannot exceed gbout 35 
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Fig. 9-7— Choke-coupled plate modulation. 

to 40 per cent. For a given r.f. tube, the carrier 
output is about one-fourth the power obtain-
able from the same tube plate-modulated. 

R FC 

Modulator Power 

The increase in average carrier power with 
modulation is secured by varying the plate 
efficiency and d.c. plate input of the amplifier, 
so the modulator need supply only such power 
losses as may be occasioned by connecting it 
, in the grid circuit. Since these are quite small, 
a modulator capable of only a few watts out-
put will suffice. 
The load on the modulator varies over the 

a.f. cycle as the rectified grid current of the 
modulated amplifier changes, so the modulator 
must have good voltage regulation. The pur-
pose of the resistor I? across the primary 
of the modulation transformer in Fig. 9-8 
is to " swamp" such load changes by dissipat-
ing most of the audio power in the resistor. Gen-
erally, this resistor should be approximately 
equal to the load resistance required by the 
particular type of modulator tube used. The 
turns ratio of transformer T should be about 
1-to-i in most practical cases. 

Grid-Bias Source 

The change in instantaneous bias voltage 
.with modulation causes the rectified grid cur-
rent of the amplifier also to vary, the r.f. 
excitation being fixed. If the bias source has 
appreciable resistance, the change in grid cur-
rent will cause a change in bias in a direction 
opposite to that caused by the modulation. 
It is necessary, therefore, to use a grid-bias 
source having low resistance, so that these 
bias variations will be negligible. Battery bias 
is satisfactory. If a rectified a.c. bias supply 
is used, the type having regulated output 
should be chosen (see Chapter Seven). Grid-
leak bias for a grid-modulated amplifier is un-

satisfactory, and its use should never be 
attempted. 

Driver Regulation 

The load on the r.f. driving stage varies with 
modulation, and a linear modulation charac-
teristic cannot be obtained if the r.f. voltage 
from the driver does not stay constant with 
changes in load. Driver regulation (ability to 
maintain constant output voltage with changes 
in load) may be improved by using a driving 
stage having two or three times the power 
output necessary for excitation of the amplifier 
(which is less than the power required for 
ordinary Class C operation), and dissipating 
the extra power in a constant load such as a 
resistor. The variations caused by changes in 
load with modulation are thereby reduced be-
cause the variable load is only a fraction of 
the total load. 

Operating Conditions 

The d.c. plate input to the modulated ampli-
fier, assuming a round figure of )4 (33 per 
cent) for the plate efficiency, should not ex-
ceed 1% times the plate dissipation rating of 
the tube or tubes used in the modulated stage. 
On the modulation up-peaks the d.c. plate 
current doubles instantaneously but the d.c. 
plate voltage does not change. The problem, 
therefore, is to choose a set of operating con-
ditions that will give normal Class C efficiency 
when the plate current is twice the carrier 
value. 

Example: Two tubes having plate dissipation 
ratings of 55 watts each are to be used with 
grid-bias modulation. With plate modulation, 
the ratings are 1250 volts and 250 ma. for the 
two tubes, so the plate-voltage/plate-current 
ratio is 

E (volts)  
(ma.) 250 

+ a 
+ Cera_ 

Fig. 9-8 — Grid-bias modulation of a Class C ampli-
fier. The r.f. grid by-pass condenser, C, should have 
high reactance at audio frequencies (0.005 dd. or lees). 
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With grid-bias modulation the maximum power 
input, at 33% efficiency, is 
P = 1.5 X (2 X 55) = 1.5 X 110 = 165 watts 
The maximum recommended plate voltage for 
these tubes is 1500 volts. Using this figure, the 
plate current for the two tubes will be 

P 165 
I = - = — = 0.11 amp. = 110 ma. 

E 1500 

The plate-voltage/plate-current ratio at twice 
carrier plate current is 

1500 _ 8 

220 - • 

This is quite satisfactory. In this case it would 
be possible to use a lower plate voltage without 
having the plate-voltage/plate-current ratio 
drop to too low a value. At 1300 volts, for 
example, the ratio would be slightly over 5. 
However, at 1000 volts it would be only 3. 
At 33% efficiency, the carrier output to be 

expected is 55 watts. 

The tank-circuit L/C ratio should be chosen 
on the basis of twice the carrier plate current. 
In the example above, it would be based on a 
plate-voltage/plate-current ratio of 6.8. Note 
that if carrier conditions are used the ratio is 
13.6, and a tank LIC ratio based on this 
figure would have a Q much too low for good 
coupling to the output circuit. 

Since the amplifier operates in normal Class 
C fashion on the modulation up-peaks, the 
grid bias should be chosen for Class C opera-
tion at the plate voltage used. It may be higher 
if desired, but should never be lower. It is con-
venient to have an adjustable bias source for 
arriving at optimum operating conditions. 

Adjustment 

This type of modulated amplifier should be 
adjusted with the aid of an oscilloscope. The 
oscilloscope should be connected as shown in 
Fig. 9-9. A tone source for modulating the 
transmitter is a convenience, since a• steady 
tone will give a steady pattern on the oscillo-
scope. A steady pattern is easier to study than 
one that flickers with voice modulation. 
Having determined the permissible carrier 

plate current as previously described, apply 
r.f. excitation and plate voltage and, without 
modulation, adjust the plate loading to give 
the required plate current (keeping the plate 
tank circuit tuned to resonance). Next, apply 

Oscilloscope 

CHAPTER 9 

Fig. 9-9 — Adjustment set-up 
for grid-bias modulation. L and 
C should tune to the operating 
frequency, and may be coupled 
to the transmitter tank circuit 
through a twisted pair or other 
low-impedance line, using sin-
gle-turn links at each end. The 
0.01-µfd. blocking condenser 
that couples the audio voltage 
to the horizontal plates of the 
oscilloscope should have a volt-
age rating equal to about three 
times the grid bias. 

modulation and increase the modulating signal 
until the modulation characteristic shows 
curvature (see later section in this chapter for 
use of the oscilloscope). If curvature occurs 
well below 100-per-cent modulation, the plate 
efficiency is too high. Increase the plate loading 
slightly and reduce the excitation to maintain 
the same plate current; then apply modulation 
and check the characteristic again. Con-
tinue this process until the characteristic is 
linear from the horizontal axis to twice the 
carrier amplitude. It is usually easier to obtain 
a more linear characteristic with high plate 
voltage and low current (carrier conditions) 
than with relatively low plate voltage and high 
plate current. 

Suppressor Modulation 

The circuit arrangement for suppressor- • 
grid modulation of a pentode tube is shown in 
Fig. 9-10. The operating principles are the 
same as for grid-bias modulation. However, 
the r.f. excitation and modulating signals are 
applied to separate grids; this makes the sys-
tem somewhat simpler to operate because best 
adjustment for proper excitation requirements 
and proper modulating-circuit requirements 
are more or less independent. The carrier plate 
efficiency is approximately the same as for 
grid-bias modulation, and the modulator 
power requirements are similarly small. With 
tubes having suitable suppressor-grid charac-

0 
R.F. 

Excitation 

Grid 
Leak 

CLASS-C 
AMP 

RFC 

-C + C 
B 

-SG. 
Nod 

- 
SuPPRES5011 + 13 

BIAS 

Citnt. 

Fig. 9-10 — Suppressor-grid modulation of an r.f. am-
plifier 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 grid-bias modulation (Fig. 9-8). 
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Fig. 9-11 — Circuit arrangement for cathode modula-
tion of a Class C r.f. amplifier. 

teristics, linear modulation up to practically 
100 per cent can be obtained with negligible 
distortion. 
The method of adjustment of this system is 

essentially the same as that described in the 
preceding paragraph. 

• CATHODE MODULATION 
Circuit 

The fundamental circuit for cathode or 
"center-tap" modulation is shown in Fig. 
9-11. This type of modulation is a combination 
of the plate and grid-bias methods, and permits 
a carrier efficiency midway between the two. 
The audio power is introduced in the cathode 
circuit, and both grid bias and plate voltage 
vary during modulation. 

Because part of the modulation is by the 
grid-bias 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. 9-12. 
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 modu-
lation as a base, As the percentage of plate 
modulation is decreased, it is assumed that 
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the grid-bias modulation is increased to make 
the over-all percentage of modulation reach 
100 per cent. The limiting condition, 100-per-
cent plate modulation and no grid-bias modu-
lation, is at the right (A); pure grid-bias modu-
lation is represented by the left-hand ordinate 
(B and C). 

Example: Assume that the r.f. tube to be 
used has a 100% plate-modulation rating of 250 
watts input and will give a carrier power out-
put of 190 watts at that input. Cathode modu-
lation with 40% plate modulation is to be used. 
From Fig. 9-12, the carrier efficiency will be 
56% with 40% plate modulation, the permissi-
ble d.c. input will be 65% of the plate-modula-
tion 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 

Eb 
M — 

/b 

where In = Percentage of plate modulation 
(expressed as a decimal) 

Et, = D.c. plate voltage on modulated 
amplifier 

h = D.c. plate current of modulated 
amplifier 

Example: Assume that the modulated ampli-
fier in the example above is to operate at a plate 
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Fig. 9-12— Cathode-modulation performance curves, 
in terms of percentage of plate modulation plotted 
against percentage of Class C telephony tube ratings. 

— 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. 
— Plate efficiency of the amplifier in percentage. 
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potential of 1250 volts. Then the d.c. plate 
current is 

P 162.5 
— — — 0.13 am 
E 1250 —  P. (130 ma.) 

The modulating impedance is 

Eb 1250 „„..„ ohms 
The — 0.4 — sago onms Ib 0.13 

The modulating impedance is the load into which 
the modulator must work, just as in the case of 
pure plate modulation. This load must be 
matched to the load required by the modulator 
tubes by proper choice of the turns ratio of the 
modulation transformer. 

Conditions for Linearity 

R.f. excitation requirements for the cathode-
modulated amplifier are midway between 
those for plate modulatioù and grid-bias modu-
lation. More excitation is required as the per-
centage of plate modulation is increased. Grid 
bias should be considerably beyond cut-off; 
fixed bias from a supply having good voltage 
regulation is preferred, especially when the 
percentage of plate modulation is small and 
the amplifier is operating more nearly like a 
grid-bias modulated stage. At the higher per-
centages of plate modulation a combination of 
fixed and grid-leak bias can be used, since the 
variation in rectified grid current is smaller. 
The grid leak should be by-passed for audio 
frequencies. The percentage of grid modulation 
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may be regulated by choice of a suitable tap 
on the modulation-transformer secondary. 
The cathode circuit of the modulated stage 

must be independent of other stages in the 
transmitter. That is, when directly-heated 
tubes are modulated their filaments must be 
supplied from a separate transformer. The 
filament by-pass condensers should not be 
larger than about 0.002 ;dd., to avoid by-
passing the audio-frequency modulation. 

Adjustment of Cathode-Modulated 
Amplifiers 

In most respects, the adjustment procedure 
is similar to that for grid-bias modulation. 
The critical adjustments are antenna loading, 
grid bias, and excitation. The proportion of 
grid-bias to plate modulation will' determine 
the operating conditions. 

Adjustments should be made with the aid of 
an oscilloscope connected in the same way as 
for grid-bias modulation. With proper an-
tenna loading and excitation, the normal 
wedge-shaped pattern will be obtained at 100-
per-cent modulation. As in the case of grid‘bias 
modulation, too-light antenna loading will 
cause flattening of the upward-peaks of modu-
lation as also will too-high excitation. The 
cathode current will be practically constant 
with or without modulation when the proper 
operating conditions have been established. 

Speech Equipment 

In designing speech equipment it is necessary 
to "work from both ends." That is, we must 
know, simultaneously, (1) the amount of 
audio power the modulation system must fur-
nish and (2) the output 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 and type of amplifier stages needed 
to generate the required audio power without 
overloading or distortion anywhere along the 
line. 
The starting point is the microphone. 

• MICROPHONES 
In this age, no one needs an introduction 

to the microphone. However, there are several 
different types of them, considerably different 
in characteristics. Before considering the vari-
ous types, it is necessary to define a few terms 
used in connection with microphones. 
The level of a microphone is its electrical 

output for a given sound intensity. Level va-
ries greatly with microphones of different 
basic types, and also varies between different 
models of the same type. The output is also 
greatly dependent on the character of the indi-
vidual voice (that is, the audio frequencies 
present in the voice) and the distance of the 

speaker's lips from the microphone. It de-
creases approximately as the square of the 
distance. Because of these variables, only ap-
proximate values based on averages of "nor-
mal" speaking voices can be given. The values 
in the following paragraphs 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 

microphone is its relative ability to convert 
sounds of different frequencies into alternating 
current. With fixed sound intensity at the 
microphone, the electrical output may vary 
considerably as the sound frequency is varied. 
For understandable speech transmission only 
a limited frequency range is necessary, and 
intelligible 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 frequency limits, the microphone 
is said to be fiat between those limits. 

Carbon Microphones 

The carbon microphone consists of a metal 
diaphragm placed against an insulating cup 
containing loosely-packed carbon granules 
(microphone button). Current from a battery 
flows through the granules, the diaphragm be-



RADIOTELEPHONY 283 
Mic Gain Control 
Trans s Ne5 

I i 

4.5t0 6V. 400n 

(A) S. B. CARBON 

(D) HI -Z VELOCITY 

Trans. 

III  

(B) D. B. CARBON 

Line-to-
line trans ___ ritt trans 

CIO 
o 

(E) LO- Z VELOCITY 

0.s 
Nee 

T-1 

(C) CRYSTAL 

o o/Ái{d 

(F) CONDENSER 

Fig. 9-13 — Speech input circuits for various types of microphones. 

ing one connection and the metal backplate 
the other. Fig. 9-13A and B shows connections 
for single- and double-button carbon micro-
phones, with a rheostat included in each circuit 
for adjusting the button current to the correct 
value as specified with each microphone. The 
primary of a transformer is connected in series 
with the battery and microphone. 
As the diaphragm vibrates, its pressure on 

the granules alternately increases and de-
creases, causing a corresponding increase and 
decrease of current flow through the circuit, 
since the pressure changes the resistance of 
the mass of granules. The resulting change in 
the current flowing through the transformer 
primary causes an alternating voltage, of corre-
sponding frequency and intensity, to be set 
up in the transformer secondary. In the double-
button type the two buttons are in push-pull. 
Good quality single-button carbon micro-

phones give outputs ranging from 0.1 to 0.3 
volt across 50 to 100 ohms; that is, across the 
primary winding of the microphone trans-
former. With the step-up of the transformer , a 
peak voltage of between 3 and 10 volts can ii)e 
assumed to be available at the grid of the am-
plifier tube. The usual button current is 50 to 
100 ma. 
The level of good-quality double-button 

microphones is considerably less, ranging from 
0.02 volt to 0.07 volt across 200 ohms. With 
this type of microphone and the usual push-
pull input transformer, a peak voltage of 0.4 to 
0.5 can be assumed available at the first 
speech-amplifier grid. The button current 
with this type of microphone ranges from 5 
to 50 ma. per button. Double-button micro-
phones have better frequency response and less 
distortion than the single-button type. 

Crystal Microphones 

The crystal microphone makes use of the 
piezoelectric properties of Rochelle salts crys-
tals. 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 
amateurs, for these reasons as well as the fact 
that it has good frequency response and is 
available in inexpensive models. 

The "communications-type" crystal micro-
phone uses a diaphragm mechanically coupled 
to a crystal. This type of construction gives 
good sensitivity and adequate frequency re-
sponse for speech. In higher-fidelity types the 
sound acts directly on a pair of crystals 
mented together, with plated electrodes. The 
level with the latter construction is consid-
erably less. The input circuit for either model 
of crystal microphone is shown in Fig. 9-13C. 
Although the level of crystal microphones 

varies with different models, an output of 
0.03 volt or so is representative for communi-
cation types. The level is affected by the 
length of the cable connecting the microphone 
to the first amplifier stage; the above figure is 
for lengths of 6 or 7 feet. The frequency char-
acteristic is unaffected 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 1 megohm should 
be used for reasonably flat response, 5 meg-
ohms 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 be-
tween the poles of a magnet. When vibrating, 
the ribbon cuts the lines of force between the 
poles, first in one direction and then the other, 
thus generating an alternating voltage. The 
movement of the ribbon is proportional to the 
velocity of the air particles set in motion by 
the sound. 

Velocity microphones are built in two types, 
high impedance and low impedance, the former 
being used in most applications. A high-im-
pedance microphone can be directly connected 
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to the grid of an amplifier tube, shunted by a 
resistance of 0.5 to 5 megohms (Fig. 9-13D). 
Low-impedance microphones are used when a 
long connecting cable (75 feet or more) must 
be employed. In such a case the output of the 
microphone is coupled to the first amplifier 
stage through a suitable step-up transformer, 
as shown in Fig. 9-13E. 
The level of the velocity microphone is 

about 0.03 to 0.05 volt. This figure applies di-
rectly to the high-impedance type, and to the 
low-impedance type when the voltage is meas-
ured directly across the coupling-transformer 
secondary. 
The dynamic microphone somewhat resem-

bles a dynamic loudspeaker. A light weight 
voice coil is rigidly attached to a diaphragm, 
the coil being placed between the poles of a 
permanent magnet. Sound causes the dia-
phragm to vibrate, thus moving the coil back 
and forth between the magnet poles and gen-
erating an alternating voltage. The frequency 
of the generated voltage is proportional to the 
frequency of the sound waves and the ampli-
tude is proportional to the sound pressure. 
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 unusu-
ally long, a low-impedance type should be 
used, with a step-up transformer at the 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. 

Condenser Microphones 

The condenser microphone consists of a two-
plate capacitance, with one plate stationary. 
The other, which is separated from the first by 
about a thousandth of. an inch, is a thin metal 
membrane serving as a diaphragm. This con-
denser is connected in series with a resistor 
and a d.c. voltage source, as shown in Fig. 
9-13F. When sound waves cause the dia-
phragm to vibrate, the change in capacitance 
causes a small charging current to flow 
through the circuit. The resulting audio voltage 
that appears across the resistor is fed to the grid 
of the tube through the coupling condenser. 
The output of condenser microphones varies 

with different models, the high-quality type 
being about one-hundredth to one-fiftieth as 
sensitive as the double-button carbon micro-
phone. The first speech-amplifier stage must be 
built into the microphone, since the capacity 
of a connecting cable would impair both output 
and frequency range. Also, this "preamplifier" 
must be battery operated, because the micro-
phone output is so low that the least hum 
would be objectionable. This is cumbersome, 
and the microphone itself is expensive in con-
struction because of the high precision required. 
As a result, the condenser microphone finds 
little present-day application. 

• THE SPEECH AMPLIFIER 
In common terminology, the audio-fre-

quency amplifier stage that actually 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. De-
pending on what sort of modulator is used, the 
speech amplifier may be called upon to de-
liver a power output ranging from practically 
zero (only voltage required) to 20 or 30 watts. 
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Fig. 9-14 — Class B amplifier operation. 

Before starting the design of a speech ampli-
fier, therefore, it is necessary to have selected a 
suitable modulator for the transmitter. This 
selection must be based on the power required 
to modulate the transmitter 100 per cent, 
and this power in turn depends on the type of 
modulation system selected, as already de-
scribed. With the modulator picked out, its 
driving-power requirements (audio power re-
quired to excite the modulator to full output) 
can be determined from the tube tables in 
Chapter Twenty-Five. Generally speaking, it 
is advisable to choose a tube or tubes for the 
last stage of the speech amplifier that will be 
capable of developing at least 50 per cent more 
power than the rated driving power of the 
modulator. This will provide a factor of safety 
so that losses in coupling transformers, etc., 
will not upset the calculations. A "skimpy" 
driver, or one designed without a safety factor, 
usually cannot excite the modulator to full 
output without being itself overloaded. The 
inevitable result is speech distortion, genera-
tion of unnecessary sidebands, and a "broad" 
transmitter. 

Audio-Amplifier Classifications 

The description of amplification as outlined 
in Chapter Three covered only one — the 
simplest — way of operating an amplifier 
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tube. There are several other ways of operating 
tubes to obtain higher power output and 
greater plate efficiency (ratio of useful power 
output to d.c. plate-power input). 

Fig. 9-14 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. In the balanced grid 
circuit, the signal voltages on the grids of the 
two tubes always have opposite polarities; that 
is, when the signal swings the instantaneous 
voltage in the positive direction on the grid 
of tube A, it is at the same time swinging the 
grid of tube B more negative. On the next 
half-cycle the polarities reverse and the grid of 
tube B is more positive and that of tube A 
more negative. Since the fixed bias is just at 
the cut-off point, this means that 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 A. 
Thus each half of the output-transformer 
primary works alternately to induce a half-
cycle of voltage in the secondary. In the sec-
ondary of T2, the original waveform is re-
stored. This type of operation is called Class B 
amplification. 
The Class B amplifier is considerably more 

efficient than the Class A amplifier described 
in Chapter Three. As a matter of fact, the 
plate efficiency is in the neighborhood of 65 
to 75 per cent, as compared to 20 to 30 per 
cent for a Class A power 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 
maximum input that can be applied to a 
Class A amplifier is the rated plate dissipation 
of the tube or tubes. The result is that two 
tubes in a Class B amplifier can deliver ap-
proximately 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 that the grids be 
driven positive with respect to the cathode 
during at least part of the cycle, so grid cur-
rent flows and the grid circuit consumes 
power. While the power requirements are 
fairly low (as compared to the power output), 
the fact that the grids are positive during only 
part of the cycle means that the load on the 
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. One 

essential is that the driver must be capable of 
delivering more power than actually is re-
quired by the Class B grids. 

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 
witholit signal. Because there is no fixed bias, 
the grids start drawing current immediately 
whenever a signal is applied, so the grid-cur-
rent flow is continuous throughout the cycle. 
This makes the load on the driver much more 
constant than is the case with tubes of lower et 
biased to plate-current cut-off. 
The amplifier that drives a Class B modula-

tor usually is a Class AB amplifier. As the 
name indicates, this type of amplifier is op-
erated midway between Class A and Class B 
conditions. A Class AB amplifier is a push-pull 
amplifier with higher bias than would be nor-
mal 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 amplifiers, 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 negative cycle of the 
signal applied to its grid, and the plate cur-
rent of the other tube rises with 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 considerably higher than with pure Class A 
operation. A Class AB amplifier can be op-
erated 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, when 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 AB' amplifier 
avoids the problem of designing a driver for it 
that will deliver power, without distortion, 
into a load of highly-variable resistance. It is 
advisable to use a Class ABI amplifier rather 
than the Class AB2 type, whenever the cir-
cumstances permit. 

Voltage Amplifiers 

If the last stage in the speech amplifier is a 
.Class AB2 or Class B amplifier, the stage ahead 
of it must be capable of sufficient power output 
to drive it. However, if the last stage is a 
Class AB' or Class A amplifier the preceding 
stage can be simply a voltage amplifier. 
From there on back to the microphone, all 

stages are voltage amplifiers. These are always 
operated Class A, not only to simplify the 
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design by avoiding driving power, but because 
just as much voltage can be secured from a Class 
A amplifier as from any other type. 
The important characteristics of a voltage 

amplifier are its voltage gain, maximum undis-
torted output voltage, and its frequency re-
sponse. The voltage gain is the voltage-ampli-
fication ratio of the stage. The output voltage 
is the maximum a.f. voltage that can be secured 
from the stage without distortion; we cannot 
figure on any greater output voltage than this, 
no matter what the gain of the stage, without 
running into the overload region. The am-
plifier frequency 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-I, for resistance-coupled 
amplification. The output voltage is in terms 
of peak voltage rather than r.m.s.; this method 
of rating is preferable because it makes the 
rating independent of the waveform. The 
ratio of peak to r.m.s. voltage varies widely 
with different waveforms and, in general, is 
known accurately only for a sine wave. On the 
other hand, exceeding the peak value causes 

Following staye 

C3 

Mput 

(A, 

z 

Fig. 9-15 — Resistance-coupled voltage-amplifier cir-
cuits. A, pentode; B, triode. Designations are as follows: 
Ci — Cathode by-pass condenser. 
C2 — Plate by-pass condenser. 
— Output coupling condenser (blocking condenser). 

C4 — Screen by-pass condenser. 
RI — Cathode resistor. 
R2 — Grid resistor. 
— Plate resistor. 

R4 — Next-stage grid resistor. 
Re — Plate decoupling resistor. 
Re — Screen resistor. 
N alues for suitable tubes are given in Table 9-1. Values 
in the decoupling circuit, C2115, are not critical Re may 
be about 10% of Ra; an 8- or 10-nfd. electrolytic con-
denser is usually large enough at C2. 

B 

(B) 

Fig. 9-16 — Transformer-coupled amplifier circuits for 
driving a push-pull amplifier. A is for resistance-trans-
former coupling; B, for transformer coupling. Designa-
tions correspond to those in Fig. 9-15. In A, values can 
be taken from Table 9-1. In II, the cathode resistor is 
calculated from the rated plate current and grid bias 
as given in the tube tables for the particular type of 
tube used. 

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 
voltage-amplifier stages. It is relatively inex-
pensive, good frequency response can be se-
cured, and there is little danger of hum pick-up 
from stray magnetic fields associated with 
heater wiring. It is the only type of coupling 
suitable for the output circuits of pentodes 
and high-et triodes, because with transformers 
a sufficiently high load impedance cannot be 
obtained without considerable frequency dis-
tortion. Typical circuits are given in Fig. 9-15 
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 case resistance coupling is 
very inefficient), or when it is necessary to 
couple between 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 in Chapter 
Twenty-Five. 

Representative circuits for coupling single-
ended to push-pull stages are shown in Fig. 
9-16. The circuit at A combines resistance and 
transformer coupling, and may be used for 
exciting the grids of a Class A or A131 following 
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TABLE 9-I - RESISTANCE-COUPLED VOLTAGE-AMPLIFIER DATA 

Data Cr. 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 lu 
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 

Resist r 
Megohms 

Screen 
Resistor 
Megohms 

Cathode 
Resistor 
Ohms 

Screen 
By-pass 
pfd. 

Cathode 
By-pass 
pfd. 

Blocking 
Condenser 

pfd. 

Output 
Volts 
(Peak)' 

Voltage 
Gain' 

0.1 
0.1 
0.25 
0.5 

0.35 
0.37 
0.47 

500 
530 
590 

0.10 
0.09 
0.09 

11.6 
10.9 
9.9 

0.019 
0.016 
0.007 

72 
96 

101 

67 
98 

104 

6S.17 0.25 
0.25 
0.5 
1.0 

0.89 
1.10 
1.18 

850 
860 
910 

0.07 
0.06 
0.06 

8.5 
-/.4 
c" .•.,. 

0.011 
0.004 
0.003 

79 
88 
98 

139 
167 
185 

0.5 
0.5 
1.0 
2 . 0 

2.0 
2.2 
2.5 

1300 
1410 
1530 

0.06 
0.05 
0.04 

8,..2 
.1‘ 

5.2 

0.004 
0.002 
0.0015 

64 
79 
89 

200 
238 
263 

0.1 
0.1 
0.25 
0.5 

0.44 
0.5 
0.53 

500 
450 
600 

0.07 
0.07 
0.06 

8.5 
8.3 
8.0 

0.02 
0.01 
0.006 

55 
81 
96 

61 
82 
94 

6)7, 7C7 0.25 
0.25 
0.5 
1.0 

1.18 
1.18 
1.45 

1100 
1200 
1300 

0.04 
0.04 
0.05 

5.5 
5.4 
5.8 

0.008 
0.005 
0.005 

81 
104 
110 

104 
140 
185 

0.5 
0.5 
1.0 
2.0 

245 
2.9 
2.95 

1700 
2200 
2300 

0.04 
0.04 
0.04 

4.2 
4.1 
4.0 

0.005 
0.003 
0.0025 

75 
97 
100 

161 
200 
230 

0.1 
0.1 
0.22 
0.47 

0.2 
0.24 
0.26 

500 
600 
700 

0.13 
0.11 
0.11 

18.0 
16.4 
15.3 

0.019 
0.011 
0.006 

76 
103 
129 

109 
145 
168 

6AU6, 6SH7 

- 
0.22 

0.22 
0.47 
1.0 

0.42 
0.5 
0.55 

1000 
1000 
1100 

0.1 
0.098 
0.09 

12.4 
12.0 
11.0 

0.009 
0.007 
0.003 

92 
108 
122 

164 
230 
262 

0.47 
0.47 
1.0 
2.2 

1.0 
1.1 
1.2 

1800 
1900 
2100 

0.075 
0.065 
0.06 

8.0 
7.8 
7.3 

0.0045 
0.0028 
0.0018 

94 
105 
122 

248 
318 
371 

0.1 
0.1 
0.22 
0.47 

- 
- 
- 

1500 
1800 
2100 

- 
- 
- 

4.4 0.027 
3.6 0.014 
3.0 0.0065 

40 
54 
63 

34 
38 
41 

6A06, 6,6,76, 
607, 6SL7GT 
(one triode) 

0.22 
0.22 
0.47 
1.0 

- 
- 
- 

2600 
3200 
3700 

- 
- 
- 

2.5 0.013 
1.9 0.0065 
1.6 0.0035 

51 
65 
77 

42 
46 
48 

0.47 
0.47 
1.0 
2.2 

- 
- 
- 

1.2 
1.0 
0.9 

0.006 
0.0035 
0.002 

61 
74 
85 

48 
50 
51 

- 
- 
- 

5200 
6300 
7200 

0.1 
0.1 
0.25 
0.5 

- 
- 
- 

1300 
1600 
1700 

- 
- 
- 

5.0 
3.7 
3.2 

0.025 
0.01 
0.006 

33 
43 
48 

42 
49 
52 

6F5, 6SF5, 
784 0.25 

0.25 
0.5 
1.0 

- 
- 
- 

2600 
3200 
3500 

- 
- 
- 

2.5 
2.1 
2.0 

0.01 
0.007 
0.004 

41 
54 
63 

56 
63 
67 

0.5 
0.5 
1.0 
2.0 

- 
- 
- 

4500 
5400 
6100 

- 
- 
- 

1.5 
1.2 
0.93 

0.006 
0.004 
0.002 

50 
62 
70 

65 
70 
70 

0.1 
0.1 0.25 

0.5 

- 
- 
- 

750 
970 
1040 

- 
- 
- 

- 
- 
- 

0.033 
0.014 
0.007 

35 
50 
54 

29 
34 
36 

- 
- 
- 

1400 
1680 
1840 

6SC7 , 
(one triode) 

0.25 
0.25 0.5 

1.0 

- 
- 
- 

- 
- 
- 

0.012 
0.006 
0.003 

45 
55 
64 

39 
42 
45 

0.5 
0.5 1.0 

2.0 

- 
- 
- 

2330 
2980 
3280 

- 
- 
- 

- 
- 
- 

0.006 
0.003 
0.002 

50 
62 
72 

45 
48 
49 

0.05 
0.05 0.1 

0.25 

- 
- 
- 

1020 
1270 
1500 

- 
- 
- 

3.56 0.06 
2.96 0.034 
2.15 0.012 

41 
51 
60 

13 
14 
14 

6J5, 7A4, 
7N7, 6SN7GT 
(one triode) 

0.1 
0.1 
0.25 
0.5 

- 
- 
- 

1900 
2440 
2700 

- 
- 
-- 

2.31 
1.42 
1.2 

0.035 
0.0125 
0.0065 

43 
56 
64 

14 
14 
14 

0.25 
0.25 
0.5 
1.0 

- 
- 
- 

4590 
5770 
6950 

- 
- 
- 

0.87 
0.64 
0.54 

0.013 
0.0075 
0.004 

46 
57 
64 

14 
14 
14 

0.047 
0.047 0.1 

0.22 

- 
- 
- 

870 
1200 
1500 

- 
- 
- 

4.1 
3.0 
2.4 

0.065 
0.034 
0.016 

38 
52 
68 

12 
12 
12 

6C4 
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 
0.22 0.47 

1.0 

- 
- 
- 

5300 
800 

11000 

- 
- 
- 

0.9 
0.52 
0.46 

0.015 
0.007 
0.0035 

57 
82 
92 

12 
12 
12 

Voltage across next-stage grid resistor at grid-current point. 
- At 5 volts r.m.s. output. 
Cathode-resistor values are for phase-inverter service. 
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stage. The resistance coupling is used to keep 
the d.c. plate current from flowing through 
the transformer primary, thereby preventing a 
reduction in primary inductance below its no-
current value; this improves the low-frequency 
response. With low-is triodes (6C5, 6J5, etc.), 
the gain is equal to that with resistance cou-
pling multiplied by the secondary-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 es of the tube multiplied by the transformer 
ratio. This circuit also is suitable for trans-
ferring 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 an extra tube, as shown 
in Fig. 9-17. The extra tube is used purely to 
provide a 180-degree phase shift without addi-
tional gain. The outputs of the two tubes are 
then added to provide push-pull excitation for 
the following amplifier. 
The circuit shown in Fig. 9-17 is known as 

the " self-balancing" type. The amplified volt-
age from V1 appears across Rb and R7 in series. 
The drop across R7 is applied to the grid of V29 
and the amplified voltage from V2 appears 
across R6 and R7 in series. This voltage is 180 
degrees out of phase with the voltage from VI, 
thus giving push-pull output. The part that 
appears across R7 therefore opposes the voltage 
from VI across R7, thus reducing the signal ap-
plied to the grid of V2. The negative feed-back 
so obtained tends to automatically regulate 
the voltage applied to the phase-inverter tube 
so that the output voltages from both tubes 

Fig. 9.17— Self -balancing phase-inverter circuit. VI 
and V2 may be a double triode such as the 6SN7GT or 
6SL7GT. 
Ri — Grid resistor (1 meghom or less). 
R2 Cathode resistor; use one-half value given in 

Table 9-1 for tube and operating conditions 
chosen. 

113, 114 — Plate resistor; select from Table 9-1. 
116, R6 — Folio% ing-stage grid resistor (0.22 to 0.47 

megohm). 
R7 — 0.22 megohm. 
C1 — 10-44fd. eléctmlytic. 
C7, C7 — 0.01. to 0.1-mfd. paper. 

are substantially equal — as they must be for 
distortionless reproduction. Other circuits usu-
ally require careful adjustment (preferably 
with the aid of an oscilloscope) for satisfactory 
operation. The self-balancing circuit also has 
the advantage of compensating for variations 
in the characteristics of the two tubes. 

It is common practice to use a double triode 
when a phase inverter is to be built. This pro-
vides two identical tubes in one bulb, and saves 
space and cost. 

Gain Control 

A means for varying the over-all gain of the 
amplifier is a practical necessity. Without it, 
there would be no way to keep the final output 
down to the proper level for modulating the 
transmitter except to talk at just the right 
intensity. 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 micro-
phones the gain control may be placed di-
rectly across the microphone-transformer sec-
ondary. With other types of microphones, how-
ever, the gain control usually will affect the 
frequency response of the microphone when 
connected directly across it. The control there-
fore 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 select the modulator. 
In the case of plate modulation, this will nearly 
always be a Class B amplifier. Select a suitable 
tube type and determine from the tube tables 
in Chapter Twenty-Five the driving power 
required. 

2) As a safety factor, multiply the required 
driver power by at least 1.5. 

3) Select a tube, or pair of tubes, that will 
deliver the power determined in the second 
step. This is the last speech-amplifier stage. Re-
ceiver-type power tubes can be used (beam 
tubes such as the 6L6 may be needed in some 
cases) so the receiving-tube tables in Chapter 
Twenty-Five may be consulted. (If the speech 
amplifier is to drive a Class B modulator, use 
a Class A or ABI amplifier if it will give enough 
power output. If the last speech-amplifier stage 
has to operate Class AB2, use a medium-µ 
triode (such as the 6J5 or corresponding types) 
to drive it. In the extreme case of driving 
6L6s to maximum output, two triodes should 
be used in push-pull in the driver. In either 
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case transformer coupling will have to be used, 
and transformer manufacturers' catalogs should 
be consulted for a suitable type.) 

4) If the last speech-amplifier stage operates 
Class A or AB', it may be driven by a voltage 
amplifier. If the last stage is push-pull, the 
driver may be a single tube coupled through a 
transformer with a balanced secondary, or may 
be a dual-triode phase inverter. Determine the 
signal voltage required for full output from 
the last stage. If the last stage 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 Class ABI, twice the bias voltage 
when fixed bias is used; if cathode bias is used, 
twice the bias figured from the cathode resist-
ance and the no-signal plate current. 

5) From Table 9-I, select a tube capable 
of giving the required output voltage and note 
its rated voltage gain. A phase inverter (using 
two tubes of the type selected) will have ap-
proximately twice the output voltage and 
twice the gain of one tube operating as an 
ordinary amplifier. If the driver is to be trans-
former-coupled to the last stage, select a 
medium- » triode and calculate the gain and 
output voltage as previously described. 

6) Divide the voltage required to drive the 
last stage by the gain of the preceding stage. 
This gives the peak voltage required at the 
grid of the next-to-the-last stage. 

7) Find the output voltage, under ordinary 
conditions, of the microphone to be used. 
This information should be obtained from the 
manufacturer's catalog. If not available, the 
figures given in the section on microphones in 
this chapter will serve. 

8) Divide the voltage found in (6) by the 
output voltage of the microphone. The result 
is the over-all gain required from the micro-
phone to the grid of the next-to-the-last stage. 
To be on the safe side, double or triple this 
figure. 

9) From Table 9-I, select a combination of 
tubes whose gains, when multiplied together, 
give approximately the figure arrived at in (8). 
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 not advisable* to use a second 
pentode because of the possibility of feed-
back and self-oscillation. In most cases a triode 
will give enough gain, as a second stage, to 
make up the total gain required. If not, a third 
stage, also a triode, may be used. 

• SPEECH-AMPLIFIER CONSTRUCTION 
Once a suitable circuit has been selected 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 not exceed about 1 per cent of the maxi-
mum audio output voltage — that is, the hum 

should be about 40 db. below the output level. 
Unwanted feed-back, if negative, will reduce 
the gain below the calculated value; if positive, 
is likely to cause self-oscillation or "howls." 
Feed-back can be minimized by isolating each 
stage with "decoupling" resistors and condens-
ers, by avoiding layouts that bring the first 
and last stages near each other, and by shield-
ing of " hot" points in the circuit, such as grid 
leads in low-level stages. 

Speech-amplifier equipment, especially volt-
age amplifiers, should be constructed on metal 
chassis, with all wiring kept below the chassis 
to take advantage of the shielding afforded. 
Exposed leads, particularly to the grids of low-
level high-gain tubes, are likely to pick up 
hum from the electrostatic field that usually 
exists in the vicinity of house wiring. Even 
with the chassis, additional shielding of the 
input circuit of the first tube in a high-gain 
amplifier usually is necessary. In addition, 
such circuits should be separated as much as 
possible from power-supply transformers and 
chokes and also from any audio transformers 
that operate at fairly-high power levels; this 
will minimize magnetic coupling to the grid 
circuit and thus reduce hum or audio-fre-
quency feed-back. It is always a safe plan, 
although not an absolutely necessary one, to 
build the speech amplifier and its power supply 
as separate units. 

If a low-level microphone such as the crystal 
type is used, the microphone, its connecting 
cable, and the plug or connector by which it is 
attached to the speech amplifier, all should be 
shielded. The microphone and cable usually 
are constructed with suitable shielding. The 
cable shield should be connected to the speech-
amplifier chassis, and it is advisable — as well 
as usually necessary — to connect the chassis 
to a ground such as a water pipe. 

Heater wiring should be kept as far as possi-
ble 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 twisted together to re-
duce the magnetic field from the heater cur-
rent. With either type of connection, it is ad-
visable to lay heater leads in the corner formed 
by a fold in the chassis, bringing them out 
from the corner to the tube socket by the short-
est possible path. 

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 cap is a necessity. 
When metal tubes are 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 obtainable for that purpose. It is a good 
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plan to enclose the entire amplifier in a metal 
box, or at least provide it with a cane-metal 
cover, to avoid feed-back difficulties caused 
by the r.f. field of the transmitter; r.f. picked 
up on exposed wiring leads or tube elements 
causes overloading, distortion, and frequently 
oscillation. 
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 connect the outside-foil terminal to the 
side of the circuit having the lowest impedance 
to ground. Usually, this will be the plate side 
rather than the following-grid side. 

For low-power transmitters, it is often possi-
ble to construct the speech amplifier and modu-
lator as a single unit. In high-power equipment 
the modulator (for plate modulation) takes up 
so much space that it is usually impracticable 
to build it on the same chassis with the speech 
amplifier. In the following section representa-
tive designs are given for combination units 
as well as for speech amplifiers alone. 
The speech amplifiers described in the fol-

lowing pages are all designed for use with 
crystal microphones, since that type of micro-

phone is the most popular. If a carbon micro-
phone is to be used, the secondary of the trans-
former used with it may be connected directly 
to the gain control in any of the amplifier 
circuits given. The stage or stages of amplifica-
tion preceding the gain control may be omitted 
in that case. An alternative method is to build 
the amplifier just as described and connect the 

3Vie4.5V 

To Xtal-Microphone 
Input 

Fig. 9-18 — Input connections for using a carbon micro-
phone with a high-gain speech amplifier, omitting the 
usual microphone transformer. R is a 100-ohm potenti-
ometer, wire-wound. The arm should be set at the point 
that gives normal output from the amplifier when the 
amplifier gain control is set at h to 34 full scale. 

carbon microphone as shown in Fig. 9-18. 
With this method of connection there is no 
need for a microphone transformer, because a 
speech amplifier designed for use with a crystal 
microphone has more than enough gain to 
compensate for the omission of the microphone 
transformer. 

Speech Amplifier with Push-Pull Triode Output 
The speech amplifier shown in Fig. 9-19 

is a general-purpose unit of conventional de-
sign, suitable either as a driver for a medium-
power Class B modulator or as a grid-bias 
modulator. As shown in the circuit diagram, 
Fig. 9-20, it has a pentode first stage using a 
6SJ7, a medium-it triode second stage (6J5) 
followed by a 6SL7 phase inverter, and a pair 
of 6B4Gs in push-pull as Class AB' output 
amplifiers. The power supply for the unit is 
included on the same chassis. The measured 

power output is approximately 8 watts from 
the output-transformer secondary. A tone 
control is provided to reduce the response of 
the amplifier above about 2500 cycles. 
The speech section occupies the left-hand 

side of the chassis and the power-supply sec-
tion the right. Controls along the front chassis 
edge are the tone-control switch, Si, gain con-
trol, R3, microphone connector, "B" switch, 
83, and a.c. switch, 82. The 6SJ7 is behind the 
microphone connector on the chassis, and the 

6J5 is to its left, near the gain con-
trol. The 6SL7 phase inverter and 
6B4G output tubes are located be-
hind the 6J5. 

At the right, the power trans-
former is at the rear of the chassis, 
the 5Y3GT rectifier in front, and 
the trst filter choke, LI, is to the 
left of the rectifier tube. The out-
put transformer is at the rear 
center of the chassis. 
The bottom view shows the 

cathode resistor, R17, for the 6B4Gs 
at the lower right, together with its 

Fig. 9-19 — This amplifier uses 6B4Gs 
(equivalent to 6A3s) as output tubes and 
will deliver 8 watts of undistorted power. 
It is complete with power supply on a 
7 X 11 X 2-inch chassis. 
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65J7 

C 

C1, C6, CO — 20-pfd. 25-volt eleetroly tie. 
C2 — 0.1-pfd. 400-volt paper. 
Ca, C7, C13, C14, C15 — 10-pfd. 450-volt electrolytic. 
CI, CB, C10, C11 600-volt paper. 
Ce 0.001-pfd. 500-volt mica. 
C12 — 50-pfd. 100-volt electrolytic. 
Ri — 1 megohm, ,1/¡ watt. 
112, R7 — 1500 ohms, 34 watt. 
Ra — 1.5 megohms, 34 watt. 
114, 1112, 1113, 1114, Rio, Rie — 0.22 megohm, AI watt. 
Ra — 0.5-megohm volume control. 
Re 47,000 ohms, 34 watt. 

by-pass condenser, C12. Just above is the second 
filter choke, L2. The filter condensers, C13, C14 
and C15, are the larger tubular units located to 
the left. The resistors and condensers asso-
ciated with individual stages are grouped 
about the appropriate tube sockets. The termi-
nals of the output transformer, Ti, project 
through a cut-out in the chassis, and secondary 
leads are brought out to a terminal strip. 
A shielded lead should be used from the 

microphone connector to the grid prong on 
the 6SJ7 socket, but there are 
otherwise no special constructional 
precautions to observe other than 
those mentioned in the section on 
general considerations in speech-
amplifier construction. 
The output transformer shown 

in the photographs is designed for 
working into a 500- or 200-ohm line. 
This type of transformer may be 
used when the speech amplifier i, 

Fig. 9-21 — Bottom view of the push-pull 
6B4G amplifier. Output-transformer termi-
nals are brought out to a connection strip 
on the rear edge of the chassis. 

Fig. 9-20 — Circuit diagram 
of the p.p. 6B4G amplifier. 

— 82,000 ohms, 32 watt. 
Ro — 0.47 megohm, ,1,,¡ watt. 
Rio — 10,000 ohms, 1 watt. 
Rn — 1500 ohms, 1 watt. 
Rn — 750 ohms, 10 watts. 
Li — 8-hy. 160-ma. filter choke (UTC R.20). 
La — 10-by. 35-ma. filter choke (UTC R-55). 
Si, S2, S3 — S.p.s.t. toggle. 
Ti — Output transformer, p.p. plates (5000 ohms) to 

line (UTC PA-16). 
To — 700 volts c.t., 110 ma:; 5 volts, 3 amp.; 6.3 volts, 

4.5 amp. (Stancor P-4080). 

located at some distance from the Class B mod-
ulator or other unit it is to drive. If desired, a 
Class B input transformer can be substituted 
at T1. In that case, the leads to the modulator-
tube grids should be shielded as a precaution 
against hum or r.f. pick-up. The transformer 
selected should be designed for working from a 
5000-ohm plate-to-plate load to the grids of 
the modulator tubes selected. The amplifier 
has ample gain for communications-type crys-
tal microphones. 

Ilh 
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Speech Amplifiers with Output Limiting 

It is obviously desirable to modulate the 
transmitter as completely as possible — with-
out, of course, overmodulating and setting up 
spurious sidebands. However, it is difficult to 
maintain constant voice intensity when speak-
ing into the microphone. To overcome this 

Fig. 9-22 — Speech-amplifier output-limiting circuit. 
Ci, Cs, Ca, C4 — 0.1-pfd. Ri, R2, Re — 0.22 megohm. 
114 — 25,000-ohm pot. R3 — 0.1 megohm. T — See text. 

variable output level, it is possible to use 
automatic gain control that follows the average 
(not instantaneous) variations in speech am-
plitude. This can be done by rectifying and 
filtering some of the audio output and apply-

J7 

R„  

100000001 13 

csI 

61.1 

R23 

ing the rectified and filtered d.c. to a control 
electrode in an early stage in the amplifier. 
A practical circuit for this purpose is shown 

in Fig. 9-22. The rectifier must be connected, 
through the transformer, to a tube capable of 
delivering some power output (a small part of 
the output of the power stage may be used) or 
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 R4, in series with R6 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. R2, R3r 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 speech amplifier. 
A step-down 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-tapped secondary is not available, a 
half-wave rectifier may be used instead of the 
full-wave circuit shown, but it will be harder 
to get satisfactory filtering. 

TO HEATERS 

115V.A.C. 

Fig. 9-23 — Circuit diagram of the Class-A 2A3 volume-compression 

CI, C12 — 10-pfd. 50-volt electrolyt- R4, RI3, R22, R24 0.47 megohm, Rn, 
IC. 

C2, C4, Cs, Co, C9, C10, CII, CI3 —0.1-pfd. 400-volt paper. 

Ca, CS — 8-pfd. 450-volt electrolyt-
ic. 

C7 — 0.5-pfd. 400-volt paper. 
CI4 — 50-pfd. 100-volt electrolytic. 
R1 — 4.7 megohms, 34 watt. 
Ra, Rs — 1200 ohms, watt. 
R3, R7 — 2.2 megohms, 32 watt. 

2A3 2 

OUTPUT 

 0+ 
R2, 300v 

2 5V. 

speech amplifier. 

R18, RI9 — 0.22 megohm, 34 
3/2 watt. watt. 

Ra — 47,000 ohms, 34 watt. R2I — 4700 ohms, 34 watt. 
Re, R20 — 0.5-megohm variable. Rse — 750 ohms, 10 watts. 
R9 — 0.22 megohm, 1 watt. Si, S2 — S.p.s.t. switch. 

— Output transformer to match 
Rio, R23 — 0.1 megohm, 34 p.p. 2A3s to Class B grids. 

watt. T2 — Filament transformer, 6.3 
RI2 — 10,000 ohms, 34 watt. volts, 2 amperes. 
RI4 — 1500 ohms, 34 watt. T3 - Filament transformer, 2.5 
Ris, Rte — 0.1 megohm, 1 watt. volts, 5 amperes. 
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Volume-Limiting Circuit 

Fig. 9-23 is the circuit diagram of a complete 
speech amplifier using a slightly different 
volume-limiting circuit than that given in 
Fig. 9-22. It has sufficient gain for working 
from a crystal microphone and has a power 
output (6 watts or more, depending upon the 
efficiency of the output transformer) sufficient 
to drive a Class B modulator to an output of 
about 250 watts. The automatic gain-control 
circuit uses a separate amplifier and rectifier 
combined in one tube, a 6SQ7. The rectified 
output of this circuit is filtered and applied 
to the Nos. 1 and 3 grids of a pentagrid 
amplifier tube, thereby varying its gain in 
inverse proportion to the signal strength. With 
proper adjustment, an average increase in 
modulation level of about 7 db. can be secured 
without exceeding 100-per-cent modulation 
on peaks. 
The amplifier proper consists of a 6J7 first 

stage followed by a 6L7 amplifier-compressor. 
The 2A3 grids are driven by a 6N7 self-balanc-
ing phase inverter. The operation of the 2A3s is 
Class AB1, without grid current. 
The amount of compression is controlled 

by the potentiometer, R20, in the grid circuit 
of the 6SQ7. A switch, Si, is provided to short-
circuit the rectified output of the compressor 

293 
when normal amplification is required. 
Adjustment of the compressor control is 

rather critical. First set R20 at zero and adjust 
the gain control, Re, for full modulation with 
the particular microphone used. Then ad-
vance the compressor control until the ampli-
fier just "cuts off" (output decreases to a low 
value) on peaks. When this point is reached, 
back off the compressor control until the cut-
off effect is gone but an obvious decrease in 
gain follows each peak. 

Because of the necessity for filtering out the 
audio-frequency component in the rectifier out-
put, there will be a slight delay (amounting to a 
fraction of a second) before the decrease in gain 
"catches up" with the peak. This is caused by 
the time constant of the circuit, and so is 
unavoidable. 
When a satisfactory setting is secured, as 

indicated by good speech quality with a 
definite reduction in gain on peaks, the gain 
control, 1?6, should be advanced to give full 
output with normal operation. Too much vol-
ume compression, indicated by the cut-off 
effect following each peak, is definitely unde-
sirable, and the object of adjustment of the 
compressor control should be to use as much 
compression as possible without danger of 
overcompression. 

Speech Clipping and Filtering 

Earlier in this chapter it was pointed out 
that with sine-wave 100-per-cent modulation 
the average power increases to 150 per cent 
of the unmodulated carrier power, but that 
in speech waveforms the average power content 
is considerably less than in a sine wave, when 
both waveforms have the same peak ampli-
tude. Nevertheless, it is the peak conditions 
that count in modulation. This is shown in the 
drawings of Fig. 9-24. The upper drawing, 
A, represents a sine wave having a maxi-
muta amplitude that just modulates a given 
transmitter 100 per cent. The same maxi-
mum amplitude will modulate the same 
transmitter 100 per -cent regardless of the 
waveform of the modulating signal. The 
speech wave at B, therefore, also represents 
100-per-cent modulation. 

In the speech wave, 100-per-cent modu-
lation is reached only on occasional peaks. 
The average modulation is obviously much 
lower. But if the gain is increased to raise 
the average modulation level, the trans-
mitter will immediately be overmodulated 
on the peaks, with the result that splatter-
producing sidebarids will be generated. 
Now suppose that the amplitude of the 

wave shown at B is increased so that its 
power is comparable to — or even higher 
than — the power in a sine wave, but that 
everything above the 100-per-cent modu-
lation mark is cut off. We then have a wave 

such as is shown at C, which is the wave at 
B increased in amplitude but with its peaks 
"clipped." This signal will not modulate the 
transmitter more than 100 per cent, but the 
voice power will be several times as great. 
The wave is not exactly like the one at B, so 
the result will not sound exactly like the origi-
nal. However, such clipping can be used to 
secure a worth-while increase in modulation 

t00% 

l00% 

t00% 

i00% 

(A) 

ittA/\14fifiN B) 

1 

Fig. 9-24 — The normal speech wave ( B) has high peaks but 
low average energy content. When the peaks are clipped from 
the wave the signal may be increased to a considerably-higher 
power level without causing overmodulation (C). 
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power without sacrificing intelligibility. The 
clipping can be done in the speech amplifier, 
and once the system is properly adjusted il 
will be impossible to overmodulate the trans-
mitter no matter how much gain is used ahead 
of the clipper — because the clipper will hold 
the maximum output amplitude to the same 
value no mattèr what the amplitude of the 
signal applied to it. 
But by itself the clipper is not enough. 

.Although the clipping takes place in the audio 
system, the signal applied to the modulated 
r.f. amplifier has practically the same wave-
shape that the modulation envelope would 
have had if the signal were unclipped and the 
transmitter were badly overmodulated. In 
other words, clipping generates the same high-
order harmonics that overmodulation does. 
So far as the end effect is concerned, it does 
not matter whether the distortion takes place 
in the audio system or in the modulated ampli-
fier; both cause splatter. It is therefoi e neces-
sary to prevent the higher audio frequencies 
from reaching the modulator. In other words, 
the frequencies above those needed for intelligi-
ble speech must be filtered out, after clipping 
and before modulation. The filter required for 
this purpose should have relatively little 
attenuation at frequencies below about 2500 
cycles, but very great attenuation for all 
frequencies above 3000 cycles. 

It is possible to use as much as 25 db. of 
clipping before intelligibility is lost; that is, 

e• 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 repre-
sented the amplitude that caused 100-per-cent 
modulation on peaks, the clipped and filtered 
signal can then be amplified up to the same 
10-volt peak level for modulating the trans-
mitter, with a very considerable increase in 
modulation power. The price to be paid for 
the increased voice power is loss in naturalness. 

Before drastic clipping can be used, the 

speech signal must be amplified up to 10 
times more than is necessary for normal modu-
lation. Also, the hum and noise must be much 
lower than the tolerable level in ordinary am-
plification, because the noise in the output 
of the amplifier increases in proportion to the 
gain. These factors need not be given so much 
attention if the clipper-filter is used chiefly 
as a means for preventing occasional overmod-
ulation, and not primarily to obtain more 
modulation power. 

• A CLIPPER-FILTER SPEECH 
AMPLIFIER 

The amplifier shown in Fig. 9-25 has a 
usable output of about 4 watts (sine wave) 
and includes a clipper-filter for increasing the 
effectiveness of the modulator and for confin-
ing the channel-width to the frequencies needed 
for intelligible speech. The output stage uses 
a 6V6 with negative feed-back; this reduces 
the effective plate resistance of the tube to a 
low value. The unit therefore can be used to 
drive a Class B modulator that does not re-
quire more than 4 watts on the grids. It can 
also be used as a complete modulator unit for 
grid-bias modulation. 

As shown in the circuit diagram, Fig. 9-26, 
the first tube is a 6SJ7. The second stage is one 
section of a 6SL7GT. With S3 thrown to the 
left-hand position, the output of this stage 
is connected to the grid of a 6J5, which in turn 
drives the 6V6. Under these conditions the 
amplifier operates conventionally and has 
fairly wide frequency response. With S3 

thrown to the right, the output of the first 
6SL7GT section is fed to the 6AL5 clipper, 
and the clipped output is then fed to the grid 
of the second section of the 6SL7GT. The out-
put of this tube goes through a low-pass filter 
and thence through a second gain control, R15, 
to the grid of the 6J5. Thus the clipper-filter 
feature can be used or not as desired. 

The first two stages are re§ist-
ance-coupled amplifiers following 
ordinary practice. In the last stage, 
use is made ofethe center-tap on the 
primary of the output transformer 
to obtain feed-back voltage that is 
applied to the grid of the 6V6 
through the plate resistor, Rig, of 
the 6J5. If a different type of 
transformer is used, not having a 
center-tap, a voltage divider can be 
connected across the primary to 
obtain the feed-back voltage, as 

big. 9-25 — A 4-watt output amplifier 
mith speech clipping and filtering. It uses 
a 6V6 output tube with negative feed-
back, and has its power supply on th.• 
same chassis. 
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Fig. 9-26 — Circuit diagram of tht 
CI, CO3 C9, C19 — 10-pfd. 25-volt electrolytic. 
2— 0.1-pfd. 400-volt paper. 

Ca, C4, C18, C22, C23 — 8-pfd. 450-volt electrolytic. 
CIS, C7, Cs, C17, C20 — 0.01-pfd. 600-volt paper. 
C10, Cit, Cia — 0.015-pfd. paper. 
Cu — 0.03-pfd. paper. 
CI4 — 0.05-pfd. paper. 
CIS — 0.003-pfd. mica. 
CIO 0.06-pfd. paper. 
C21 — 50-pfd. 50-volt electrolytic. 
C24 — 16-pfd. 450-volt electrolytic. 
RI — 1 megohm, A watt. 
Rz, R13 — 1000 Ohms, %i watt. 
Ra — 1.2 megohms, 32 watt. 
R4 — 0.22 megohm, 32 watt. 
Rs, Rio— 47,000 ohms, A watt. 
Re — 0.1 megohm, watt. 
117 — 2-megohm volume control. 
Rs — 3300 ohms, 32 watt. 

described in the section on negative feed-back 
in this chapter. 
The amplifier has its own power supply, a., 

shown in the diagram and photographs. 

Clipper-Filter Considerations 

The clipper circuit resembles those used for 
noise limiting in receivers, as described in 
Chapter Five. It uses two diodes, one to clip 
positive and the other to clip negative peaks, 
in shunt with a load resistor, R. The diodes 
are biased so that they are nonconducting (and 
therefore have no effect on the signal) until the 
signal amplitude reaches about 2 volts. When 
the amplitude rises above 2 volts, signal cur-
rent flows through the diodes. When conduct-
ing, the diode resistance is low compared to 
the resistance of R11, and also compared to 
the series resistor R10. Under these conditions, 
all of the voltage in excess of the 2-volt bias 
appears as a voltage drop in R10 (and in the 

Low - Pass Filter 

• dipper-filter .peech amplifier. 

Ro, R12, R19 — 0.47 megohm, .1A watt. 
Rut — 0.15 megohm, 32 watt. 
1114 — 10,000 ohms, 1 watt. 
lila — 2000-ohm wire-wound volume control. 
Ills — 0.33 megohm, watt. 
litz — 1500 ohms, watt. 
Rio — 82,000 ohms, 32 watt. 
lizo — 150 ohms., 10 watts. 
1121, Rn— 39 ohms, 2 watts. 

La — 125 mh. 
14 — 10 henrys, 60 ma. 
lo — 10 henrys, 35 ma. 
Ji — 115-v. a.c. connector. 
Si, S2 — S.p.s.t. toggle. 
Sa — D.p.d.t. toggle. 
— Power transformer, 350 volts each side c.t., 70 

ma.; 5 volts, 2 amp.; 6.3 volts, 3 amp. (Stancor 
P-41)78). 

Tz — Output transformer, 5000 ohms (total primary) 
to line or voice coil. 

Plate resistance of the preceding stage), with 
the result that the voltage across R11 cannot 
exceed 2 volts. 

For convenience, the bias for the diodes is 
taken from the cathode resistor of the 6V6 
by a voltage-dividing arrangement. As shown 
in Fig. 9-26, the plate of one diode is connected 
to ground, R11 is returned to a point 2 volts 
above ground, and the cathode of the second 
diode is returned to a point 4 volts above 
ground. This makes the plate of each diode 
2 volts negative with respect to its own 
cathode. 
The filter shown in Fig. 9-27 is constructed 

of standard components, the chokes being 
125-mh. units usually sold as r.f. chokes. The 
design of a filter using this value of inductance 
requires a fairly high capacitance and a low 
value of load resistance. The constants listed 
give a sharp cut-off between 2500 and 3000 
cycles, with very large attenuation (averaging 
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45 db. below the response at 1000 cycles) at all 
frequencies above 3000 cycles. However, the 
low value of load or terminating resistor, 2000 
ohms, greatly decreases the voltage amplifica-
tion of the 6SL7GT section as compared to 
what could be obtained with a normal load. 
The over-all gain with R76 at maximum is 
about the same as with S3 in the " normal-
amplifier" position, despite the extra stage, 
when the input signal is below the clipping 
level. Once clipping begins, of course, the 
output voltage cannot rise above the clipping 
level no matter how high the amplitude of the 
input signal. 

Construction 

The amplifier is built on a 6 X 14 X 3-inch 
chassis. The input end of the speech amplifier 
is at the left end and the power supply is at 
the right. A shield is placed over the 6SL7GT 
to prevent hum pick-up and to protect the 
tube from r.f. fields from the transmitter. The 
6AL5 is between the 6SL7GT and the 6V6. 
The 6J5 is just to the rear of the 6V6, and the 
output transformer, 7'2, is to its right. Along 
the front edge of the chassis are the micro-
phone connector; gain control, R7; clipper-filter 
switch, $3; the " output" control, Ris; and — 
at the far right — the "B" voltage and a.c. 
toggle switches. 

Fig. 9-27 — The low-pass filter is assembled as a unit 
on its own mounting board. Readily-available parta are 
used throughout. 

The low-pass filter is built as a unit on a 
2 X 5-inch mounting board, as shown in 
Fig. 9-27. The coils are kept well separated and 
are mounted so that their axes are all at right 
angles. This prevents magnetic coupling be-
tween them, and is essential to good filter 
performance. In other respects the placement 
of parts in the filter is not critical. If the proper 
values of capacitance are not at hand, they 
can be made up by connecting smaller units in 
parallel (a 0.01-µfd. paper and 0.005-pfd. mica 
can be paralleled to make 0.015 pfd., for ex-
ample). The filter unit occupies the upper 
right:hand corner in the bottom-view photo-
graph, Fig. 9-28. 

Particular care should be taken to reduce 
hum. The 6SJ7 grid lead must be shielded, and 
the heater wiring in the vicinity of the first 
two tubes should be kept in the corners of the 
chassis except where it is necessary to bring 

the ungrounded wire out to the socket termi-
nal. It is worth while to try reversing the 
heater connections on the 6SJ7 to reduce hum. 
Reducing the gain at the lower frequencies 
also will reduce the hum in the output, and 
this may be done by decreasing the capaci-
tance of Cs and C7 to 0.002 dd. instead of the 
0.01 pfd. specified. 
The output transformer, 7'2, in this unit is a 

low-impedance output type, with 500- and 200-
ohm line taps as well as taps for a 'speaker 
voice coil. A Class B driver transformer can 
be substituted, if desired, or a 1-to-1 trans-
former can be used for grid-bias modulation. 

Adjusting the Clipper-Filter Amplifier 

The good effect of the low-pass filter in 
eliminating splatter can be entirely nullified 
if the amplifier stages following the filter can 
introduce appreciable distortion. That is a 
primary reason for the use of negative feed-
back in the output stage of the amplifier de-
scribed. Amplifier stages following the unit 
must be operated well within their capabilities; 
in particular, the Class B output transformer 
(if a Class B modulator is to be driven) should 
be shunted by condensers to reduce the high-
frequency response as described in the section 
on Class B modulators. 
The setting of R73 is most important. It is 

most easily done with the aid of an oscilloscope 
(one having a linear sweep) and an audio os-
cillator, using the test set-up shown in the 
section on testing of speech equipment. Use 
a resistance load on the output transformer 
to reflect the proper load resistance (5000 
ohms) at the plate of the 6V6. First set Ru, 
at about X 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 
check whether the clipping is taking place in 
the clipper or in the following amplifiers, 
throw S3 to the " normal" or " out" position; 
the waveshape should return to normal. If it 
does not, return 83 to the " in" position and 
reduce the setting of R15 until it does. Then 
reduce the amplifier gain by means of R7 until 
the signal is just below the clipping level. At 
this point the signal should be a sine wave. 
Increase R13, without touching R7, until the 
wave starts to become distorted, and then 
reduce the setting of R7r, until the distortion 
just disappears. 

Next, change the input-signal frequency to 
2000 cycles, without changing the signal level. 
Slowly increase R7 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 R73 until the 
distortion disappears, even when R7 is set at 
maximum and the maximum available signal 
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Fig. 9.28 — Bottom view of the clipper-
filter speech amplifier. Resistors and con-
densers are grouped around the sockets 
to t% hich they connect. 

from the audio oscillator is applied 
to the amplifier. The position of 
R15 should be marked at this point 
and the marked setting should 
never be exceeded. 
To find the operating setting of 

R15, leave the audio-oscillator sig-
nal amplitude at the value just 
under the clipping level and set up 
the complete transmitter for a modulation 
check, using the oscilloscope to give the trape-
zoidal pattern. With the Class C amplifier 
and modulator running, find the setting of R75 
(keeping the audio signal just under the clipping 
level) that just gives 100-per-cent modulation. 
This setting should be below the maximum 
setting of R15 as previously determined; if 
it is not, the driver and modulator are not 
capable of modulating the transmitter 100 per 
cent and must be redesigned — or the Class C 
amplifier input must be lowered. Assuming a 
satisfactory setting is found, connect a micro-
phone to the amplifier and set the amplifier 
gain control, R7, so that the transmitter is 
modulated 100 per cent. Observe the pattern 
closely at different settings of R7 to see if it is 
possible to overmodulate. If overmodulation 
does not occur at any setting of R7, the trans-
mitter is ready for operation and R15 may be 
locked in position; it need never be touched 
subsequently. If some overmodulation does 
occur, R15 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 any distortion 
in all stages following the filter, so that when 
the clipping level is exceeded the following 
stages will still be working within their capa-
bilities. 
As a final check, the signal should be moni-

tored by another station a short distance 
away. A receiver with a sharp crystal filter is 
needed for this purpose. The signal input to 
the receiver should be kept low enough (by 
using a small antenna) so that there is no 
danger of overloading any stage of the re-
ceiver. When the transmitter is modulated 
100 per cent by a tone of about 2500 cycles, 
the receiving operator should be able to find 
only one pair of sidebands, each 2500 cycles 
from the carrier, even when the speech-ampli-
fier gain control (R7, not R12) is set well be-
yond the level at which 100-per-cent modula-
tion is reached. If additional sidebands are 
in evidence there may be distortion in the 
modulator (use condensers across the modu-
lation transformer to cut high-frequency re-
sponse), or the low-pass filter in the speech 
amplifier may not be properly built. 

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 6L6s as modulators. 
The combined speech amplifier and modulator 
shown in Fig. 9-29 uses the 6L6s as Class AB2 
amplifiers and has an output (from the trans-
former secondary) of about 40 watts. The 
input amplifier is a 6J7 (a 6SJ7 can be substi-
tuted if a single-ended tube is preferred to the 
type with the top grid cap). It is resistance-
coupled to a 6J5 second amplifier, and the 6J5 
is in turn coupled through a transformer to a 
pair of 6J5s in push-pull. These two tubes 
supply the power necessary to drive the 6L6s 
into the grid-current region. (A 6SN7GT can 
be substituted for the pair of 6J5s in the push-
pull stage if desired; no changes in circuit 
constants will be necessary.) 

The amplifier is built on a 6 X 14 X 3-inch 
chassis. The photographs show the arrange-
ment of parts. About the only constructional 
precaution that must be observed is to use a 
short lead from the microphone socket (a jack 
may be used instead of the screw-on type) and 
to shield the entire input circuit to the grid 
of the 6J7. This shielding is necessary to 
reduce hum pick-up. In this amplifier the 
6J7 grid resistor, R1, is enclosed along with the 
input jack in a National Type JS-1 jack shield, 
and a shielded lead is run from the jack shield 
to the grid of the 6J7. A metal slip-on shield 
covers the grid cap of the tube. The amplifier 
has more than enough gain for typical crystal 
microphones. 

This unit may be used to plate-modulate 
80 watts input to an r.f. amplifier. For cathode 
modulation, the input that can be modulated 
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will depend upon the type of operation chosen, 
as described earlier. For instance, with 55-
per-.cent plate efficiency in the r.f stage the 
input may be of the order of 200 watts, mak-
ing an allowance for the small amount of 
audio power taken by the grid circuit. The 

• 

Fig. 9-29 — A 40-watt speech amplifier or 
modulator of inexpensive construction. The 
6J7 and first 615 are at the front, near the 
microphone socket and volume control, re-
spectively. Ti is behind them, and the push-
pull 6J5s are at the rear of the chassis behind 

Ta, in the center, the push-pull 6L6s, and 
T3 follow in order to the right. 

• 

output transformer shown in the photograph 
is a universal Class B output type suitable for 
coupling to a plate-modulated amplifier; other 
types may be substituted if the r.f. amplifier 
is to be cathode-modulated. Whatever the 
type of service, the output-transformer turns 

863CV. 8 " 22.5 V. +360V. 

Fig. 9-30 — Circuit diagram of the Class Alfa push-pull-6L6 40-watt-output speech amplifier or modulator. 

Ci — 0.1-mfd. 200-volt paper. 
Ca — 400-volt paper. 
C3, C7 — 20-idd. 50-volt electrolytic. 
C4, Ca, CS — 8-pfd. 450-volt elec-

trolytic. 
Ri — 4.7 megohms, 3 watt. 
R2 — 1500 ohms, M watt. 
113 — 1.5 megohms, watt. 
114 — 0.22 megohm, h watt. 

• 

Fig. 9-31 Underneath the 
chassis of the 40-watt speech 
amplifier-modulator. 

• 

Rs — 47,000 ohms, 34 watt. 
Re — 1-megohm volume control. 
R7 — 1500 ohms, 1 watt. 
RS — 750 ohms, 1 watt. 
R9 — 12,000 ohms, 1 watt. 
Rio — 20,000 ohms, 25 watts. 
Ru — 1500 ohms, 10 watts. 
Ti — Interstage audio, single plate 

to p.p. grids, 3:1 ratio 

(Thordarson T-57A41). 
— Driver transformer, p.p. 6J5s 

to 6L6s, Class AB2 (Thor-
darson T-84D59). 

TS — Output transformer, type 
depending on requirements. 
A multitap modulation 
transformer (Thordarson 
T-19M15) is shown. 
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ratio should be chosen to 
couple properly between 
3800 ohms (the plate-to-plate 
load required by the 6L6s) 
and the modulating impe-
dance of the r.f. amplifier. 
The power supply should 

have good voltage regula-
tion, since the total " B" 
current varies from approxi-
mately 140 ma. with no sig-
nal to 265 ma. at full output. 
A heavy-duty choke-input 
plate supply should be used; 
general design data will be 
found in Chapter Seven. 
Heater requirements are 6.3 
volts at 3 amperes. Bias for 
the 6L6 stage can be supplied 
conveniently by a 22.5-volt 
" B "-battery block; a small-
sized unit will be satisfactory. 

Fig. 9-32 is the circuit of a 
speech amplifier and modu-
lator that has an output of 
approximately 20 watts. This 
circuit also uses 6L6s as out-
put tubes, but the amplifier 
operates Class AB' and thus requires no 
driving power. Aside from the fact that there 
is one less voltage-amplifier stage than in the 
40-watt unit, the same general construction 
may be followed. The first two stages are 
identical in circuit with the first two stages in 
the 40-watt amplifier, and the same construc-
tional precautions should be observed with 
respect to shielding the grid circuit of the first 
tube. This amplifier can be used to plate-
modulate an input of 40 watts to the r.f. 
amplifier. It is necessary, of course, to choose 
the proper output-transformer turns ratio to 
couple the modulator and modulated ampli-

AC. 

Fig. 9-32 — Circuit diagram of the tom -cost 
ble of power outputs up to 20 watts. 

Ci — 20-pfd. 50-volt electro-
lytic. 

Ca — 0.1-pfd. 200-volt paper. 
Ce — 0.01-pfd. 400-volt paper. 

Ce — 8-pfd. 450-volt electro-
lytic. 

C7 — 50-pfd. 50-volt electrolytic. 
RI — 4.7 megohms, ¡¡ watt. 
Ri — 1500 ohms, %¡ matt. 
Ra — 1.5 megohms, watt. 
R4 — 0.22 megohm, watt. 
Re- 47,000 ohms, watt. 
Re — 1-megohm volume control. 

speech amplifier or modulator capa-

R7 - 1500 ohms, 1 watt. 
R8 — 250 ohms, 10 watts. 
Ri — 2000 ohms, 10 watts. 
Rio — 20,000 ohms, 25 watts. 
Ti — Interstage audio transformer, 

single plate to p.p. grids, ratio 
3:1 (Thordarson T-57A41). 

Ti — Output transformer, type 
depending on requirements. 
A rnultitap transformer 
(Thordarson T-19M14) is 
shown in photos. 

fier. The output stage of the unit 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 (Chapter Seven) 
may be used. The total plate current is ap-
proximately 120 ma. with no signal and 145 
ma. at full output. If a power output of no 
more than 12 or 13 watts is needed, R9 and Rio 
may be left out of the circuit and all tubes 
fed directly from a " B" supply giving ap-
proximately 175 ma. at 270 volts. 

An 807 Modulator and Speech Amplifier 

The combined speech amplifier and modula-
tor unit shown in Fig. 9-33 is simple and inex-
pensive in design and, with the exception of 
the plate supply for the modulator tubes, is 
contained on a chassis measuring 3 X 8 X 17 
inches. With a 750-volt plate supply, it is 
capable of a tube output of 120 watts, or 
enough to plate-modulate a Class C stage with 
200 watts input, allowing for moderate losses 
in the modulation transformer. The out-put 
tubes, 807s, will develop this amount of audio, 
power when operated as Class AB2 amplifiers, 
but require only a small amount of grid driving 
power. 
As shown in Fig. 9-34 the first tube in the 

speech amplifier is a 6J7 (a 6SJ7 may be substi-
tuted). A 6SN7GT is used in the second stage, 
one section serving as a voltage amplifier and 
the other as a phase inverter of the self-bal-
ancing type. The gain control for the amplifier 

is in the grid circuit of the first half of the 
tube. The third tube, also a 6SN7GT, is a push-
pull amplifier, transformer-coupled to the grids 

of the 807s. 
A power supply for the three tubes preced-

ing the 807s is built on the same chassis. 
Voltage for the 807 screens is taken from this 
same supply. The negative return of the supply 
goes to the chassis through the açljustable arm 
of potentiometer R17, which is connected in 
series with the bleeder resistor, R16. The volt-
age developed in the section of R17 below the 
adjustable arm is negative with respect to 
chassis, and is used to provide fixed bias for 
the 807s. en is connected across this section of 
R17 to by-pass any a.f. current that might 
flow through the resistor. A separate filament 
transformer is provided for the 807 heaters, 
since the total heater power required by all 
the tubes in the amplifier is somewhat in ex-
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eess of the rating of the 6.3-volt winding on the 
ordinary small power transformer. 

Resistors R14 and R15 and condenser Cg are 

Fig. 9-34 — Circuit diagram of the p.p. 807 speech amplifier-modulator. 

Ci — 10-mfd. 50-volt electrolytic. 
C2 — 400-volt paper. 
C3, Co, CIO — 8-afd. 450-volt electrolytic. 
C4, CII — 50-volt electrolytic. 
C5, Cs, C7 — 0.01-pfd. 400-volt paper. 
Cs — 0.0068-afd. mica. 
Cl2 — 0.001-pfd. mica (see text). 
CI3 0.02-pfd. mica (see text). 
RI — 1 mègohm. 
R2, R7 — 1500 ohms. 
Ha — 1.5 megohm.s. 
R4, Rs, Rn, RI2 — 0.22 megohm. 
R5 — 47,000 ohms. 
Ro — 1-megohm volume control. 
Rs, RIO — 0.1 megohm. 
RI3 — 470 ohms. 
RI4, RI5 — 100 ohms. 
RIO — 15,000 ohms, 10 watts. 

Fig. 9-33 — A speech amplifier 
and 807 modulator for plate 
modulation of transmitters up 
to 200 watts input. The micro-
phone jack and the gain con-
trol are at the left end of the 
chassis. The audio components 
and tubes occupy the front sec-
tion and the power supply for 
the driver tubes - is laid out 
along the rear edge. 

• 

placed in the 807 screen 
circuit to suppress the r.f. 
parasitic oscillations that 
sometimes occur with these 
tubes. Their use is prin-
cipally a precautionary 
measure, and they may 
not be required in most 
installations. 

The frequency response of this unit is maxi-
mum in the range from about 200 to 2500 cy-
cles, for greatest voice effectiveness and mini-

Ru 7 — 1000-ohm wire-wound potentiometer. 
(All resistors watt unless otherwise noted.) 

1.1 — Smoothing choke, 30 hy., 75 ma., 340-ohm d.c. 
resistance (Utah 4002). 

11 — 6.3-volt a.c. pilot-lamp-and-socket assembly. 
Ji — Microphone-cable jack. 
J2 — Panel-mounting a.c. plug (Amphenol 61-M1). 
St — S.p.s.t. switch. 
T1 — Push-pull plates to push-pull grids (UTC S-9). 
T2 — Output transformer, type depending on require-

ments. A multitap transformer (UTC VM-3) is 
shown in photos. 

Ta — Filament transformer, 6.3 volts, 3 amp. (Thor-
darson T-21F10). 

- Power transformer, 350 volts a.c. each side of 
center-tap, 70-ma. rating. Filament windings: 5 
v., 3 amp.; 6.3 v., 3 amp. (Stancor P-4078). 
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Fig. 9-35 — Below-chamis view 
of the 807 modulator. The 
shielded microphone jack is in 
the upper left-hand corner. The 
filter choke is mounted in the 
lower left-hand corner and the 
807 filament transformer is to 
the rear and slightly to the 
right of the 807 tube sockets. 
The condenser for attenuating 
the high audio frequencies, 
shown at the right-hand end of 
the chassis, is supported by 
No. 12 wire leads which con-
nect to the output terminals of 
the modulation transformer. 

4. 

mum width of the r.f. channel. Frequencies 
above 2500 cycles are attenuated by condens-
ers C12 and C13, the former across the secondary 
of the driver transformer and the latter across 
the secondary of the output transformer. The 
capacitance values given are about optimum 
for the types of transformers specified and 
should be close to optimum for other trans-
formers of similar ratings. The voltage rating 
of C13 should be at least equal to the d.c. 
yoltage on the modulated r.f. amplifier. 

Construction 

The photographs show the general layout 
of components. The 6J7 and 6SN7GT phase 
inverter are in line at the left-hand front edge 
of the chassis. The 6SN7GT driver and 5Y3GT 
rectifier are to the rear of the phase inverter. 
The driver transformer, 7'1, is at the front 
and the power transformer, 774, is at the rear. 
Plate leads for the 807s run through rubber 
grommets in the chassis. 
The bottom view shows the by-pass con-

densers and resistors grouped around the 
sockets to which they connect. The bias-con-
trol potentiometer, R17, is mounted on the 
rear edge of the chassis, and the power-supply 

bleeder, Ris, is mounted between R17 and an 
insulated tie-point on the chassis near the 
a.c. input socket (also on the rear chassis 
edge). A jack shield (National JS-1) covers 
the microphone jack, and the first-stage grid 
resistor, RI, is mounted inside this shield. The 
lead to the 6J7 grid cap must be shielded and 
the shield grounded. 
The No. 1 terminals of the driver trans-

former specified should be connected to the 
grids of the 807s. If a different transformer is 
used, it should have a primary-to-secondary 
ratio (total) of about 1-to-1 to couple the 
6SN7GT and 807 grids properly. The output-
transformer turns ratio will depend on the type 
of operation selected and the modulating im-
pedance of the Class C amplifier. Operated at 
ICAS ratings, the 807s will deliver a tube out-
put of 120 watts into a plate-to-plate load of 
6950 ohms. This requires a plate supply capa-
ble of delivering 240 ma. at 750 volts. At CCS 
ratings the tubes will deliver 80 watts into a 
6400-ohm load and require a 600-volt 200-ma. 
plate supply. The bias should be set, by means 
of R17, to give —32 volts between the poten-
tiometer arm and chassis for ICAS operation, 
and to — 30 volts for CCS operation. 

Drivers for Class-B Modulators 
Driving Power 

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 capable of supplying this power at the re-
quired peak audio-frequency grid-to-grid volt-
age. Both of these quantities are given in the 
manufacturer's tube ratings. The grids of the 
Class B tubes represent a variable load resist-
ance over the audio-frequency cycle, because 
the grid current does not increase directly with 
the grid voltage. To prevent distortion, there-
fore, 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 be capa-
ble of delivering somewhat more power than 
is consumed by the Class B grids, as previously 
described in the discussion on speech ampli-
fiers. It is also desirable to use an input cou-
pling 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 peak output voltage at the primary of 

the driver transformer is 

E. = 1.4VPR 
where E. = Peak value of a.f. output voltage 

P = Rated power output of driver 
R -= Rated load impeda.nee for driver 
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(A) +5 

+5 

Fig. 9-36 — Triode driver circuits for Class B modulators. A, resistance cou-
pling to grids; B. transformer coupling. R: in A is the plate resistor for the pre-
ceding stage, value determined by the type of tube and operating conditions 
as given in Tàble 9-1. C1 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 B grids. Ti in B is usu-
ally a 2:1 transformer, secondary to primary. R, the cathode resistor, should 
be calculated for the particular tubes used. The value of C, the cathode by-
pass, is determined as described in the text. 

This is correct when the driver is working into 
its rated load. When the load is the grid circuit 
of a Class B modulator, the impedance varies 
over the audio-frequency cycle. It reaches a 
minimum value when the signal reaches a 
positive peak and the grid current has its maxi-
mum instantaneous value. The best that can 
be done is to assume that, if the driver has 
more than enough power output., the turns 
ratio of the driver transformer should be 

N — 
E 

where N = Driver-transformer turns ratio, 
primary to secondary 

E. = Peak output voltage of driver 
E = Peak grid-to-grid voltage re-

quired by Class B tubes. 

Example: A pair of Class B tubes requires a 
driving power of 7 watts and a peak a.f. grid-to-
grid voltage of 200 for maximum output. The 
driver has a maximum output of 10 watts when 
working into a 5000-ohm load. The peak output 
voltage at the primary of the driver trans-
former is 

= 1.41/PR = 1.41/10 X 5000 
= 1.4 X 224 = 314 volts 

The driver-transformer turns ratio, 
primary to secondary, should be 

E. 314 
N —  —  = 1.57 to 1 

E 200 

Commercial transformers 
frequently are designed for 
specific driver-modulator com-
binations, and the turns ratio 
is chosen to give as good 
driver regulation as the con-
ditions will permit. 
The driver transformer, T 

or T2 in Fig. 9-36, 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 rec-
ommended only when the 
driver must be at a consider-
able distance from the modu-
lator; the second transformer 
not only introduces additional 
losses but also impairs the 
voltage regulation of the 
driver stage. 

Driver Tubes 

The variation in grid re-
sistance of a Class B amplifier 
over the audio-frequency cy-
cle poses a special problem in 
the driver stage. To avoid 
distortion, the driver output 
voltage (not power) must stay 

constant (for a fixed signal voltage on its grid) 
regardless of the variations in load resistance. 
The fundamental requirement for good volt-

age 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-IL triodes 
(the 6A3 is an example) and the worst are 
tetrodes and pentodes as represented by the 
6V6 and 6L6. This does not mean that tetrodes 
(or pentodes) cannot be used, but it does mean 
that they should not be used without taking 
measures to reduce the effective plate resist-
ance (see next section). 

In selecting a driver stage always choose 
Class A or AB' 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 reduc-
tion of plate resistance. It is possible to obtain 
a tube power output of approximately 25 watts 
(from 6L6s) without going beyond Class AB' 
operation; this is ample driving power for the 
popular Class B modulator tubes, even when a 
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kilowatt transmitter is to be modulated. 
The rated tube output (as shown by the 

tube tables) should be reduced 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. 9-36 shows representative circuits for a 
push-pull triode driver using cathode bias. 
If the amplifier operates Class A, the cathode 
resistor need not be by-passed, because the a.f. 
currents from each tube flowing in the cathode 
resistor are out of phase and cancel each other. 
However, in Class AB operation this is not 
true; considerable distortion will be generated 
at high signal levels if the cathode resistor is 
nt by-passed. The by-pass capacitance re-
quired can be calculated by a simple rule: the 
cathode resistance in ohms multiplied by 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 maxi-
mum-signal plate current and the cathode 
resistance. 

Example: A pair of 6A3s is to be used in Class 
Alh, self-biased. From the tube tables, the 
cathode resistance should be 780 ohms and the 
maximum-signal plate current 120 ma. From 
Ohm's Law, 

E = RI = 780 X 0.12 = 93.6 volts 

(A) 

(B) 

+6 +6 

Fig. 9-37 — Negative feed-back circuits for drivers for Class B 
modulators. A — Single-ended beam-tetrode driver. If VI and n 
are a 6J5 and 6V6, respectively, the following values are suggested: 
RI, 47,000 ohms; Rs, 0.47 megohm; R3, 250 ohms; R4, R6, 22,000 
ohms; CI, 0.01 nfd.; C2, 50 dd. 
B — Push-pull beam-tetrode driver. If VI is a 05 and V2 and n 

6L6s, the following values are suggested: RI, 0.1 megohm; R2, 
22,000 ohms; R3, 250 ohms; CI, 0.1 dd.; C2, 100 dd. 

From the rule mentioned previously, the by-pass 
capacitance required is 

C = 25,000/R = 25,000/780 = 32 afd. 
A 40- or 50-afd. 160-volt electrolytic 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 varia-
ble 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 appar-
ent 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 re-
sistance to a value comparable to or lower than 
that of low-a triodes such as the 6A3. 

Suitable circuits for single-ended and push-
pull tetrodes are shown in Fig. 9-37. Fig. 
9-37A shows resistance coupling 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 output 
transformer is fed back to the grid of the tet-
rode, V2, through the plate resistor of the 
preceding tube, 171. The amount of voltage so 
fed back is determined by the voltage divider, 
Res. The total resistance of R4 and R5 in 

series should be large compared to the 
rated load resistance of V2. Instead of 
the voltage divider, a tap on the trans-
former 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 VI, as well as by the rela-
tionship between R4 and Rs. Calcula-
tion of the feed-back voltage, although 
not mathematically difficult, is not 
ordinarily practicable because the 
plate resistance of V1 is seldom known 
at the particular operating conditions 
used. Circuit values for a typical tube 
combination are given in detail in 
Fig. 9-37. 
The push-pull circuit in Fig. 9-37B 

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, R1R2. The blocking condenser, 
Ci, prevents the d.c. plate voltage from 
being applied to RIR2; the reactance 
of this condenser should be low, com-
pared to the sum of R1 and R2, at the 
lowest audio frequency to be ampli-
fied. Also, the sum of R1 and R2 should 
be high compared to the rated load 
resistance for V2 and V3. 
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Fig. 9-38 — Output voltage regulation of two types of beam-tet rode 
drivers with negative feed-back. For comparison, the regulation 

with a pair of 2A38 (no feed-back) also is shown. 

In this circuit the feed-back voltage that is 
developed across R2 also appears at the grid of 
V2 (or Vs) because there is no appreciable cur-
rent flow (in the usual audio range) through 
the transformer secondary and grid-cathode 
circuit of the tube, provided the tubes are not 
driven to grid current. The circuit should not 
be used with tubes that are operated Class AB2. 
The per cent feed-back is 

R2  
n — X 100 

R1 -I- 112 

6SJ 7 

65J 7 loSN7úT.L6 b Lb 

= - - 6.3V. A.C. 

Fig. 9-39 — Circuit diagram of speech amplifier 
modulators up to 500 watts output. 

CI, Ca, Cs — 20-pfd. 25-volt electrolytic. 
C2, Co, CIO — 0.1-pfd. 400-volt paper. 
Ca, Ce — 0.01-mfd. 600-volt paper. 
C4, C7, C1.2 — 10-pfd. 450-volt electrolytic. 

Cit — 100-pfd. 50-volt electrolytic. 
RI — 2.2 megohms, watt. 
R2, R7 — 1500 ohms, 34 watt. 
R3 — 1.5 megohms, watt. 

R4 —  0.22 megohm, j¡ watt. • 

Re, Re — 47,000 ohms, 34 watt. 
Re — 1-megohm volume control. 

70 10 

where n is the feed-back percentage 
and R1 and R2 are connected as shown 
in the diagram. The higher the feed-
back percentage, the lower the effec-
tive plate resistance. However, if the 
percentage is made too high the pre-
ceding tube, VI, may not be able to 
develop enough voltage, through Ti 
to drive the push-pull stage to maxi-
mum output without itself generating 
harmonic distortion. Distortion in V1 
is not compensated for by the feed-
back circuit. If V2 and V3 are 6L6s 
operated self-biased in Class ABI with 
a load resistance of 9000 ohms, V1 is a 
6J5, and T1 has a turns ratio of 2-to- 1, 
total secondary to primary, it is pos-
sible to use over 30-per-cent feed-back 
without going beyond the output-
voltage capabilities of the 6J5. Actu-
ally, it is unnecessary to use more than 
about 20-per-cent feed-back. This 
value reduces the effective plate re-
sistance to the point where the output 

voltage regulation is better than that of 6A3s 
or 2A3s without feed-back. 

Instead of the voltage-divider arrangement 
shown in Fig. 9-37B for obtaining feed-back 
voltage, a separate winding on the output 
transformer can be used, provided it has the 
proper number of turns to give the desired 
feed-back percentage. Special transformers are 
available for this purpose. 
The improvement in constancy of output 

voltage resulting from the use of negative 
feed-back is shown graphically in Fig. 9-38. 

using 6L6s with negative feed-back, suitable for driving Class B 

Re — 0.47 megohm, 34 watt. 
Rio — 1500 ohms, 1 watt. 
Rut — 10,000 ohms, watt. 

La, R13 — 0.1 megohm, 1 watt. 

Rt4, Ria — 22,000 ohms, watt. 
Rt. — 250 ohms, 10 watts. 

R17 — 2000 ohms, 10 watts. 
Ti — Interstage audio, 2:1 secondary (total) to pri-

mary, with split secondary winding. 

T2 — Class B input transformer to suit modulator 

tubes. 
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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 expressed as a percentage 
of the rated load resistance for the particular 
tube, or pair of tubes, used. 
A circuit for a speech-amplifier suitable for 

driving a Class B modulator is given in Fig. 
9-39. In this amplifier the 6L6s are operated 
Class ABI and will deliver up to 20 watts to 
the grids of the Class B amplifier. The feed-
back circuit requires no adjustment, but does 
require an interstage transformer with two 
separate secondary windings (split secondary). 

This amplifier may be constructed along 
the same lines as in Fig. 9-29, observing the 
same precautions with respect to shielding the 

6SJ7 grid circuit. Although the power output 
is the same as from the amplifier of Fig. 9-32, 
an additional voltage-amplifier stage is in-
corporated in the circuit. This is necessary 
because the voltage fed back from the plates 
to the grids of the 6L6s opposes the voltage 
from the preceding stage, so the latter must be 
increased in order to maintain the same power 
output from the 6L6s. In turn, this necessitates 
more over-all voltage gain than is required to 
drive Class AB' push-pull 6L6s without feed-
back. 
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 require-
ments for this amplifier are essentially the 
same as for the amplifier of Fig. 9-32. 

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 B category are 
high-power modulators of the Class AB2 
type; whether the operation is in one class or 
he other is principally a matter of degree.) 
Class B modulator circuits are practically 

identical no matter what the power out-
put of the modulator. The diagrams of 
Fig. 9-40 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. 

Modu/a tor Tubes 

Class B audio ratings of various types 
of transmitting tubes are given in the 
tube tables of Chapter Twenty-Five. 
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 same plate voltage as 
that applied to the Class C stage, because 
one power supply of adequate current 
capacity may then suffice for both stages. 
However, available power-supply compo-
nents do not always permit this, and 
better over-all performance and economy 
may result from the use of separate power 
supplies. 

In estimating the output of the modu-
lator, remember that the figures given 
in the tables are for the tube output only, 
and do not include output-transformer 
losses. The efficiency of the output trans-
former will vary with its construction, 
and may be assumed to be in the vicinity 
of 80 per cent for the less-expensive units 

and somewhat higher for higher-priced trans-
formers. To be adequate for modulating the 
transmitter, therefore, the modulator should 
have a theoretical power capability about 25 
per cent greater than the actual power needed 
for modulation. 

It is always desirable to provide more power 
capability in the modulator than actually is 

DRIVER PLATES 
OR LINE 

(A) 

DRIVER PLATES 
OR LINE 

(B) 
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TRANS. 

FIL 
TRANS. 

115 V. ••FIAC + SG 1.400.+1« 
AL. 

II5V. 
AC 

1.100.41.1.V. 

TO UPOOAT't " 

+NV. FOR 
MOD AMP. 

" PnClkt 

T2 ca 

*1-1V FOR 
MOD. AMP. 

Fig. 9-40 — Class B modulator circuit diagrams. Tubes 
and circuit considerations are discussed in the text. 
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needed. Then the tubes need not be worked to 
the limit of their capacity, with the result 
that there is minimum distortion and there-
fore no audio harmonics — and no consequent 
broadening of the r.f. channel. 

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 trans-
former. The required turns ratio, primary to 
secondary, is 

where N = 
= 

N = 
Z. 

Turns ratio, primary to secondary 

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 = El = 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 = 195 watts. The modulating im-
pedance of the Class C stage is 

E 1250 
Z. = — = = 5000 ohms. 

I 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-ohm load, plate-to-plate. 
The primary-to-secondary turns ratio of the 
modulation transformer therefore sliould be 

N  = 

Z \ I6900 
= — = 1.38 = 1.175 to 1. 

Z. 5000 

Commercial Class B output transformers 
usually are rated to work between specified 
primary and secondary impedances and fre-

quently are designed for specific Class B tubes. 
In such a case, it will be unnecessary to calcu-
late the turns ratio when the recommended 
tube combination is used. Many transformers 
are provided with primary and secondary 
taps, so that various turns ratios can be ob-
tained to meet the requirements of various 
tube combinations. 

It may be that the exact turns ratio re-
quired by a particular tube combination can-
not be secured, even with a tapped modulation 
transformer. Small departures from the proper 
turns ratio will have no serious effect if the 
modulator is operating well within its capabili-
ties; 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 possible to choose a new set of 
operating conditions for the Class C stage to 
give a modulating impedance that can be 
matched by the turns ratio of the available 
transformer. This may require operating the • 
Class C amplifier at higher voltage and less 
plate current, if the modulating impedance 
must be increased, or at lower voltage and 
higher current if the modulating impedance 
must be decreased. However, this process can-
not be carried too far without exceeding the 
ratings of the Class C tubes for either plate 
voltage or current, even though the power in-
put is kept at the same 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 
modulator itself will cause a.f. harmonics 
that may lie outside the frequency band 
needed for intelligible speech transmission. 
While it is almost impossible to avoid some 
distortion, it is possible to cut down the ampli-
tude of the higher-frequency harmonics. The 
purpose of condensers C1 and C2 across the 
primary and secondary, respectively, of the 
Class B output transformer in Fig. 9-40 is to 

Fig. 9-41 — A conventional chassis arrange-
ment for low- and medium-power Class 13 
modulator stages. The mechanical layout in 
general follows the typical Circuit diagrams 
giv en in Fig. 9-40. 
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Fig. 9-42 — A chassis arrangement for a 
higher-power Class B modulator. This unit 
has the filament transformer for the tubes 
mounted on the chassis. here the input 
transformer is included with the speech am. 
plifier, less chassis space will be needed. The 
tubes are placed near the rear, where the ven-
tilation is good. The plate milliammeter is 
provided with a small plate over the adjusting 
screw, to prevent touching the screw acci-
dentally. A Presdwood panel ',sas used for 
this modulator; v. ith a metal panel, the meter 
should be mounted behind glass on a well-in-
sulated mount (the meter insulation is not in-
tended for voltages above a few hundred) or 
connected in the filament center-tap rather 
than in the high-voltage lead. 

reduce the strength of harmonics and unneces-
sary high-frequency components existing in 
the modulation. 
The condensers act with the leakage induct-

ance 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, ca-
pacitances between about 0.001 Etnd 0.006 
iÀfd. will be required; the larger values are nec-
essary with the lower values of load resistance. 
A test set-up for measuring frequency response 
(described in a later section in this chapter) 
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 
combination of C1 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 be equal to the d.c. voltage at the 
transformer winding with which it is associ-
ated. In the case of C2, part of the total ca-
pacitance required 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. 

Grid Bias 

Many modern transmitting tubes designed 
for Class B audio work can be operated with-
out grid bias. Besides eliminating the need for 
a grid-bias supply, this reduces the variation 
in grid impedance 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 center7tap of the 
driver transformer secondary is simply con-
nected to the filament center-tap or cathode 
ground. 
When the tubes require bias, it should al-

ways be supplied from a fixed voltage source. 
Neither cathode bias nor grid-leak bias can 
be used with a Class B amplifier; with both 
types the bias changes with the amplitude of 
the signal voltage, whereas proper operation 
demands that the bias voltage be unvarying 

no matter what the strength of the signal. 
When only a small amount, of bias is required 
it can be obtained conveniently 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 milliamperes on voice peaks. Even though 
the batteries are charged by the grid current 
rather than discharged, a battery will deterio-
rate with time and its internal resistance will 
increase. When the increase in internal resist-
ance becomes appreciable, the battery tends 
to act like a grid-leak resistor and the bias 
varies with the applied signal. Batteries 
should be checked with a voltmeter occasion-
ally 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 described in Chapter Seven. 

Plate Supply 

The plate supply for a Class B modulator 
should be sufficiently well filtered to prevent 
hum modulation of the r.f. stage. An additional 
requirement is that the output condenser of 
the supply should have low reactance, at 100 
cycles or less, compared to the load into which 
each tube is working. (This load is one-fourth 
of the plate-to-plate load resistance.) A 4-pfd. 
output condenser with a 1000-volt supply, or a 
2-µfd. condenser with a 2000-volt supply, 
usually will be satisfactory. With other plate 
voltages, condenser values should be in inverse 
proportion to the plate voltage. 
To keep distortion at a minimum, the volt-

age 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 
concerned, and any estimate of the power out-
put available should be based on the lower figure. 
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It is particularly important, in the case of 

a tetrode Class B stage, that the screen-volt-
age power-supply source have excellent regu-
lation, to prevent distortion. The screen volt-
age should be set as exactly as possible to the 
recommended value for the tube. 

• IMPROPER OPERATION 
Overexcitation 

When a Class B amplifier is overdriven in an 
attempt to secure more than the rated power, 
distortion increases rapidly. The high-fre-
quency harmonics which result from the dis-
tortion modulate the transmitter, producing 
spurious sidebands which can cause serious 
interference over a band of frequencies several 
times the channel-width required for speech. 
This may happen even though the transmitter 
is not being overmodulated. It will happen 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 impedance. 
As previously stated, the tubes used in the 

Class B modulator should be capable of some-
what more than the power output nominally 
required. In addition, the Class C amplifier 
should be adjusted to give the proper modulat-

CHAPTER 9 

ing impedance and the correct output trans-
former turns ratio should be used. Even though 
means may be incorporated in the speech 
amplifier to attenuate frequencies above those 
necessary for intelligible speech, it is still possi-
ble for high-frequency sidebands to be radiated 
if distortion occurs in the modulator, or if the 
transmitter is overmodulated. Such high-
frequency harmonics as may be generated in 
the modulator can be reduced by connecting 
condensers across both the primary and sec-
ondary of the output transformer as previ-
ously described. 

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 current required to present the ' rated 
load to the modulator. With no load to absorb 
the power, the primary impedance of the trans-
former rises to a high value and excessive audio 
voltages are developed 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 imped-
ance, and capable of dissipating the full power 
output of the modulator, should be connected 
across the transformer secondary. 

Checking Speech Equipment 

One way to check the performance of speech 
equipment is to put the complete transmitter 
on the air and depend on the comments of 
other amateurs. If it turns out that anything is 
wrong, fixing it becomes a slow and rather 
painful process not only to those concerned but 
to those who have to put up with the interfer-
ence it causes. It is also a not altogether reliable 
method, since the reports are necessarily biased 
by the receiving operator's opinions of what is 
good or bad, to say nothing of the reluctance 
of most operators to be wholly frank — they 
don't want to hurt your feelings or appear to be 
casting doubt on your abilities. 
The other method is to check it yourself, 

with the help of some measuring gear. An 
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o  
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 o 

Fig. 9-43 — Simple test set-up for checking a speech amplifier. 
The audio-oscillator frequency range should be from about 100 
to 5000 cycles. It is not necessary that it be continuously vari-
able; a number of " spot" frequencies will be satisfactory. Suit-
able resistor values are: RI, 50,000-ohm potentiometer; Rs, 
4700 ohms; Ra, 470 ohms; R4, rated load resistance for amplifier 
output stage; Rs, determine by trial for comfortable headphone 
level (25 to 100 ohms, ordinarily). V is a high-resistance a.c. 
voltmeter, multirange rectifier type. 

adequate job can be done with equipment that 
is neither elaborate nor expensive. A simple 
set-up is shown in Fig. 9-43. The only equip-
ment that is not likely to be already at hand 
is the audio oscillator (the construction of a 
very simple one is described in Chapter Six-
teen). The voltmeter — one that operates at 
audio frequencies is necessary — is available 
in any multirange volt-ohm-milliammeter 
that has a rectifier-type a.c. range. The head-
set is included for aural checking of the ampli-
fier performance. 
A two-step attenuator for the output of the 

audio oscillator is recommended so that a wide 
range of output voltages can be smoothly con-
trolled. Also, R3 should have relatively low 

resistance — 500 ohms or less; operating 
at low impedance will minimize stray 
hum pick-up, which might cause false 
results when the amplifier gain is high. 
As a preliminary check, cover the mi-

crophone input terminals with a metal 
shield (with the audio oscillator and at-
tenuator disconnected) and, while listen-
ing in the headset, note the hum level 
with the amplifier gain control in the off 
position. The hum should be very low 
under these conditions. Then increase the 
gain-control setting to maximum and ob-
serve the hum; it will no doubt increase. 
Then connect the audio oscillator and 
attenuator and, starting from minimum 
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Fig. 9-44 — Test set-up using an oscilloscope for check-
ing waveform. 

signal, increase the setting of R1 until the volt-
meter indicates full power output. (The voltage 
should equal VFR, where P is the expected 
power output in watts and. R is the load resist-
ance — R4 in the diagram.) Listen carefully to 
the tone while increasing R1 to see if there is 
any change in its character. When it begins to 
sound like a musical octave instead of a single 
tone, distortion is beginning. Assuming that 
the output is substantially without audible 
distortion at full output, substitute the micro-
phone for the audio oscillator and speak into 
it in a normal tone while watching the volt-
meter. 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 fif 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 cir-
cuit. If shorting a grid does not decrease the 
hum, the hum is originating either in the plate 
circuit of that tube or the grid circuit of the 
next. Aside from wiring errors or a defective 
tube, 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 lo-
eated 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 followed 
and that all stages are theoretically working 
within their capabilities, the probable causes 
of distortion are wiring errors (such as acciden-
tal short-circuit of a cathode resistor), defective 
components, or use of wrong values of resist-
ance in cathode and plate circuits. 
An oscilloscope having amplifiers and a 

linear sweep circuit is a useful instrument in 
testing audio amplifiers because it provides a 
ready check on waveform and thus shows dis-
tortion instantly. It may be connected across 
the output circuit as shown in Fig. 9-44, and 
also may be moved from stage to stage to 

check the waveform at the grid as well a.; 
at the plate. When connected to circuits that 
are not at ground potential for d.e., a con-
denser (about 0.1 pfd.) should be connected in 
series with the " hot" oscilloscope lead. The 
hot lead preferably should be shielded so that 
it will not pick up stray hum and introduce 
it into the amplifier. 

• CLASS-B MODULATORS 
Once the speech amplifier is in satisfactory 

working condition, a Class B modulator can 
be checked by similar means. A circuit is 
shown in Fig. 9-45. The resistance of RI should 
be equal to the modulating impedance of the 
Class C amplifier to be modulated, and the 
resistor should have a power rating equal to 
the rated power output of the modulator. Cal-
culate the voltage to be expected across R1 at 
full output; if it exceeds the range of the meter 
the meter may be connected across say half or 
one-fourth of R1 and the readings multiplied by 
2 or 4, respectively. Only a few ohms will be 
needed at R2, in the average ease, 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 R2 that has ample current-carrying 
capacity. 
Hum will seldom be a problem in the modu-

lator. Distortion may be checked as described 

To 
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Fig. 945 — Set-up for checking a Class B modulator. 

previously; the oscilloscope is excellent for t his 
purpose. If a variable-frequency audio oscilla-
tor is used, a check on the frequency response 
of the over-all system can be pbtained by vary-
ing its frequency (check its output voltage at 
each frequency change) and observing the va-
riation in the modulator output voltage. The 
high-frequency response of the system can be 
attenuated by trying condensers of various 
values across the primary and secondary of 
the output transformer, as pointed out in the 
discussion on Class B modulators. The responàe 
above 3000 cycles should be small compared to 
the response in the 200- to 2500-cycle region 
so that the channel occupied by the trans-
mitter will not be excessive. A simple way to 
check this is to apply a sine-wave signal of 
about 1500 cycles and increase its amplitude 
until distortion becomes noticeable; when this 
occurs the tone no longer sounds pure but 
sounds like a musical octave. The condenser 
values should then be adjusted until the tone 
sounds pure again at the same signal ampli-
tude. 
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Checking 'Phone-Transmitter Operation 

Proper adjustment of a 'phone transmitter 
is aided immeasurably by the oscilloscope; it 
will give more information, more accurately, 
than almost any collection of other instru-
ments that might be named. Furthermore, an 
oscilloscope that is entirely satisfactory for 
the purpose is not necessarily an expensive 
instrument; the cathode-ray tube and its 
power supply are about all that are needed. 
Amplifiers and linear sweep circuits are by no 
means necessary. They do, however, give a 
different type of pattern than is obtained 
without them. 
When using the tube without a sweep circuit, 

radio-frequency voltage from the modulated 
amplifier is applied directly to the vertical 
deflection plates of the tube, and audio-
frequency voltage from the modulator is ap-
plied to the horizontal deflection plates. As 
the amplitude of the horizontal signal varies, 
the r.f. output of the transmitter also varies, 
and this produces a wedge-shaped pattern 
or trapezoid on ,the screen. If the oscillo-
scope has a horizontal sweep, the r.f. voltage 
is applied to the vertical plates as before (never 
through an amplifier) and the sweep produces 
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Fig. 9-46 — Methods of connecting an oscilloscope to 
the modulated rd. amplifier for checking modulation. 

a pattern that follows the modulation envelope 
of the transmitter output, provided the sweep 
frequency is lower than the modulation fre-
quency. This produces a wave-envelope modu-
lation pattern. 

Oscilloscope connections for both types of 
patterns are shown in Fig. 9-46. The connec-
tions for the wave-envelope pattern are some-
what simpler than those for the trapezoidal 
figure. The vertical deflection plates are cou-
pled to the amplifier tank coil (or an antenna 
coil) through a twisted-pair line and pick-up 

coil. As shown in the alternative drawing, a 
resonant circuit tuned to the operating fre-
quency may be connected to the vertical 
plates, using link coupling between it and the 
transmitter. This will eliminate r.f. harmonics, 
and the tuning control provides a means for 
adjustment of the pattern height. 
To get a wave-envelope pattern the position 

of the pick-up coil should be varied until a 
carrier pattern, Fig. 9-47B, of suitable height 
is obtained. The horizontal sweep voltage 
should be adjusted to make the width of the 
pattern somewhat more than half the diameter 
of the screen. When voice modulation is ap-
plied, a rapidly-changing pattern of varying 
height will be obtained. When the maximum 
height of this pattern is just twice that of the 
carrier alone, the wave is being modulated 
100 per cent. This is illustratéd by Fig. 9-47D, 
where the point X represents the sweep line 
(reference line) alone, YZ is the carrier height, 
and PQ is the maximum height of the modu-
lated wave. If the height is greater than the 
distance PQ, as illustrated in E, the wave is 
overmodulated in the upward direction. Over-
modulation in the downward direction is 
indicated by a gap in the pattern at the refer-
ence axis, where a single bright line appears 
on the screen. Overmodulation in either direc-
tion may take place even when the modulation 
in the other direction is less than 100 per cent. 

Assuming that the modulation is symmet-
rical, any modulation percentage can be 
measured directly from the screen by measur-
ing the maximum height with modulation and 
the height of the carrier alone; calling these 
two heights hl and h2 respectively, the modula-
tion percentage is 

h2 x 100 
h2 

Connections for the trapezoidal pattern 
are shown in Fig. 9-46B. The vertical plates 
are coupled to the transmitter tank circuit 
through a pick-up loop; alternatively, the 
tuned input circuit to the oscilloscope may be 
used. The horizontal plates are coupled to tile 
output of the modulator through a voltage 
divider, R1R2. R2 should be a potentiometer so 
the audio voltage can be adjusted to give a 
satisfactory horizontal sweep on the screen. 
R2 may be a 0.25-megohm volume control. 
The value of RI will depend upon the audio 
output voltage of the modulator. This voltage 
is equal to V .TPTi, where P is the audio power 
output of the modulator and R is the modulat-
ing impedance of the modulated r.f. amplifier. 
In the case of srid-bias modulation with a 1:1 
output transformer, it will be satisfactory to 
assume that the a.c. output voltage of the 
modulator is equal to 0.7E for a single tube, or 
to 1.4E for a push-pull stage, where E is the 
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d.c. plate voltage on the modulator. If the 
transformer ratio is other than 1:1, the voltage 
so calculated should be multiplied by the 
actual secondary-to-primary turns ratio. 
The total resistance of R1 and R2 in series 

should be 0.25 megohm for every 150 volts of 
modulator output; for example, if the modula-
tor output voltage is 600, the total resistance 
should be four (600/150) times 0.25 megohm, 
or 1 megohm. Then, with 0.25 megohm at R21 
R1 should be 0.75 megohm. The blocking 
condenser, C, should be 0.1 µfd. or more, and 
its voltage rating should be greater than the 
maximum voltage in the circuit. With plate 
modulation, this is twice the d.c. voltage ap-
plied to the plate of the modulated amplifier. 

Trapezoidal patterns for various conditions 
of modulation are shown in Fig. 9-47 at F to J, 
each alongside the corresponding wave-enve-
lope pattern. With no signal, only the cathode-
ray spot appears on the screen. When the 
unmodulated carrier is applied, a vertical line 
appears; the length of the line should be ad-
justed, by means of the pick-up coil coupling, 
to a convenient 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 end is equal to twice the carrier 
height, YZ. Overmodulation in the upward 
direction is indicated by increased height over 
PQ, and in the downward direction by an ex-
tension along the axis X at the pointed end. 
The modulation percentage may be found by 
measuring the modulated and unmodulated 
carrier heights, in the same way as with the 
wave-envelope pattern. 

Nonsymmetrical Waveforms 

In voice waveforms the maximum amplitude 
in one direction from the axis frequently is 
greater than in the. other direction (although 
the average energy on both sides is the same). 
For this reason the percentage of modulation 
in the " up" direction frequently differs from 
that in the " down" direction. With a given 
voice and microphone, this difference in modu-
lation percentage is usually always in the same 
direction. Overmodulation in the downward 
direction causes more out-of-channel interfer-
ence than overmodulation upward, because of 
the sharp break — generating high-order har-
monics — when the carrier goes to zero. 

It is therefore advisable to " phase" the 
modulation so that the side of the voice wave-
form having the larger excursions causes the 
instantaneous carrier power to increase — that 
is, modulate upward. This reduces the likeli-
hood of overmodulation on the " down" peak. 
The direction of the larger excursions can read-
ily be found by careful observation of the os-
cilloscope pattern. The phase can be reversed 
by reversing the connections of one winding of 

any transformer in the speech amplifier or 
modulator. 

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-
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Fig. 947— Wave-envelope and trapezoidal patterns 
representing different conditions of modulation. 
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creased. This causes unnecessary interference 
to other stations. The oscilloscope is the best 
instrument for continuously checking the 
modulation. However, simpler indicators may 
be used for the purpose, once calibrated. 
A convenient indicator, when a Class B mod-

ulator is used, is the plate milliammeter in the 
Class B stage, since plate current fluctuates 
with the voice intensity. Using the oscillo-
scope, determine the gain-control setting and 
voice intensity that give 100-per-cent modula-
tion on voice peaks, and simultaneously ob-
serve the maximum Class B plate-milliamme-
ter reading on the peaks. When this maximum 
reading is obtained, it will suffice to adjust the 
gain so that it is not exceeded. 



Properly-operated 'phone 
transmitter modulated 100 
per cent. 

Overmodulation of a trans-
mitter having high modula-
tion capability. Distortion oc-
curs only on the down-peaks. 

Nonlinearity in modulated 
r.f. stage, frequently caused 
by insufficient excitation 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 flattened. 

Overmodulation and non-
linear operation (insufficient 
modulation cakiability). These 
patterns are similar to those 
directly above, but with the 
modulation carried beyond 
100 per cent in the downward 
direction. 

Overmodulation and para-
sitic oscillations in the modu-
lated amplifier. The trape. 
zoidal pattern also shows 
phase distortion caused by 
incorrect coupling between 
the oscilloscope and audio 
system. 

Left — Phase distortion 
caused by Incorrect coupling 
between audio system and 
oscilloscope. Right — Multi-
ple pattern caused by incor-
rect setting of oscilloscope 
time-base control. In both 
cases the wave is modulated 
100 per cent. 

PHOTOGRAPHS OF TYPICAL OSCILLOSCOPE PATTERNS 
These photographs show various conditions of modulation as displayed by the wedge or trapezoidal patterns in the 
left-hand column 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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A sensitive rectifier-type voltmeter (copper-

oxide 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 
modulation. 
The plate milliammeter of the modulated 

r.f. stage also is of some value as an indicator of 
overmodulation. The average plate current 
stays constant if the amplifier is linear, so 
the reading will be the same whether or not 
the transmitter is modulated. When the ampli-
fier is overmodulated, especially in the down-
ward direction, the operation is no longer linear 
and the average plate current will change. A 
flicker of the pointer may therefore be taken 
as an indication of overmodulation or non-
linearity. However, it is possible that under 
some operating conditions the average plate 
current will remain constant even though 
the amplifier is considerably overmodulated. 
Therefore an indicator of this type is not 
wholly reliable unless it has been checked pre-
viously against an oscilloscope. 

Linearity 

The linearity of a modulated amplifier may 
readily be checked with the oscilloscope. The 
trapezoidal pattern is more easily interpreted 
than the wave-envelope pattern, and less auxil-
iary equipment is required. The connections 
are the same as for measuring modulation 
percentage (Fig. 9-46B). If the amplifier is per-
fectly linear, the sloping sides of the trapezoid 
will be perfectly straight from the point at 
the axis up to at least 100-per-cent modulation 
in the upward direction. Nonlinearity will be 
shown by curvature of the sides. Curvature 
near the point, causing it to approach the 
axis more slowly than would occur with 
straight sides, indicates that the output power 
does not decrease rapidly enough in this 
region; it may also be caused by imperfect 
neutralization (a push-pull amplifier is recom-
mended because better neutralization is possi-
ble than with single-ended amplifiers) or by r.f. 
leakage from the exciter through the final 
stage. The latter condition can be checked by 
removing the plate voltage from the modulated 
stage, when the carrier should disappear, leav-
ing only the beam spot remaining on the screen 
(Fig. 9-47F). If a small vertical line remains, 
the amplifier should be reneutralized; if this 
does not eliminate the line, it is an indication 
that r.f. is being picked up from lower-power 
stages, either by coupling through the final 
tank or via the oscilloscope pick-up loop. 
Inward curvature at the large end of the 

pattern is caused by improper operating con-
ditions of ,the modulated amplifier — usually 
improper bias or insufficient excitation, or 
both, with plate modulation. In grid-bias and 
cathode-modulated systems, the bias, excita-

tion and plate loading are not correctly pro-
portioned when such curvature occurs. The 
usual reason is that the amplifier has been ad-
justed to have too-high carrier efficiency with-
out modulation. 

For the wave-envelope pattern, it is neces-
sary to have a linear horizontal-sweep circuit 
in the oscilloscope and a source of sine-wave 
audio signal voltage (such as an audio oscilla-
tor or signal generator) that can be synchro-
nized with the sweep circuit. The linearity can 
be judged by comparing the wave envelope 
with a true sine wave. Distortion in the audio 
circuits will affect the pattern in this case (such 
distortion has no effect on the trapezoidal 
pattern, which shows the modulation charac-
teristic of the r.f. amplifier alone), and it is also 
readily possible to misjudge the shape of the 
modulation envelope, so that the wave enve-
lope is less useful than the trapezoid for check-
ing linearity of the modulated amplifier. 

Fig. 9-48 shows typical patterns of both 
types. The cause of the distortion is indicated 
for grid-bias and suppressor modulation. The 
patterns at A, although not truly linear, are 
representative of properly-operated grid-bias 
modulation systems. Better linearity can be 
obtained with plate modulation of a Class C 
amplifier. 

Faulty Patterns 

The drawings of Figs. 9-47 and 9,48 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 the 
modulated stage be coupled to the oscilloscope, 
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 para-
graph. 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 spot where the unwanted pick-up 
disappears, a: small by-pass condenser (10 
entfd.) should be connected across the horizon-
tal plates as close to the cathode-ray tube as 
possible. An r.f. choke (2.5 mh. or smaller) 
may also be connected in series with the un-
grounded horizontal plate. 
" Folded" trapezoidal patterns, and patterns 

in which the sides of the trapezoid are ellip-
tical instead of straight, 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 be-
tween the sweep voltage and the modulating 
voltage. The connections should always be as 
shown in Fig. 9-46B. 

Plate-Current Shift 

As mentioned above, the d.c. plate current 
of a modulated amplifier will be the same with 



314 CHAPTER 9 

and without modulation so long as thé amplifier 
operation is perfectly linear and other con-
ditions remain unchanged. This also assumes 
that the modulator is working within its capa-
bilities. Because there is usually some curva-
ture of the modulation characteristic with grid-
bias modulation there is normally a slight up-
ward change in plate current of a stage so 
modulated, but this occurs only at high modu-
lation percentages and is barely detectable 
under the usual conditions of voice modulation. 
With plate modulation, a downward shift 

hi 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) Wrong load resistance for the Class C r.f. 
ampli fier. 

4) Insufficient output capacitance in the fil-
ter of the modulated-amplifier plate 
supply. 

5) Heavy overloading of the Class C r.f. 
amplifier tube or tubes. 

Any of the following may cause an upward 
shift in plate current: 

1) Overmodulation (excessive audio power, 
audio gain too great). 

2) Incomplete neutralization of the modu-
lated amplifier. 

3) Parasitic oscillation in the modulated 
amplifier. 

When a common plate supply is used for 
both a Class B (or Class AB) modulator and a 
modulated r.f. amplifier, the plate current of 
the latter may " kick" downward because of 
poor power-supply voltage regulation with the 

Umnodulaied 
OPERATING Carrier 

(A) POINT SET FOR 
1/4 100% UPWARD «. 

MODULATION Limits of 
Audio Grid 
Swing 

1/oroodulaleof 
AMPLIFIER Carrier 

(B) OURG / l L EXCITATION L O ADE 

INCORRECT emits d  
Audio Grid 
Swale 

unmoddeded 
ovolnoomnos Carrier 
CAUSED BY EX-
CESSIVE AUDIO 
GRID VOLTAGE Limed 

Audio Grid 
Swim/ 

Fig. 9-48 — Oscilloscope patterns representing proper 
and improper adjustments for grid-bias or cathode 
modulation. The pattern obtained with a correctly. 
adjusted amplifier is shown at A. The other drawings 
indicate nonlinear modulation from typical causes. 

varying additional load of the modulator on the 
supply. The same effet may occur with high-
power transmitters because of poor regulation 
of the a.c. supply mains, even when a separate 
power-supply unit is used for the Class B 
modulator: Either condition may be detected 
by measuring the plate voltage applied to the 
modulated stage; in addition, poor line regula-
tion also may be detected by observing if there 
is any downward shift in filament or line 
voltage. 
With grid-bias modulation, any of the fol-

lowing may be the cause of a plate current 
shift greater than the normal mentioned above: 
Downward kick: Too much r.f. excitation; 

insufficient operating bias; distortion in modu-
lator or speech amplifier; too-high resistance in 
bias supply; insufficient output capacitance in 
plate-supply filter to modulated amplifier; am-
plifier plate circuit not loaded heavily enough; 
plate-circuit efficiency too high under carrier 
conditions. 
Upward kick: Overmodulation (excessive 

audio voltage); distortion in audio system; re-
generation because of incomplete neutraliza-
tion; operating grid bias too high. 
A downward kick in plate current will ac-

company an oscilloscope pattern like that of 
Fig. 9-48B; the pattern with an upward kick 
will look like Fig. 9-48A, with the shaded 
portion extending farther to the right and 
above the carrier, for the " wedge" pattern. 

Noise and Hum on Carrier 

Noise and hum may be detected 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 to the voice at 100-per-cent mod-
ulation. Hum may come either from the speech 
amplifier and modulator or from the r.f. 
section of the transmitter. Hum from the r.f. 
section can be detected by completely shutting 
off the modulator; 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 carrier and modulator are both 
clean, connect the speech amplifier and ob-
serve the increase in hum level. If the hum dis-
appears with the gain control at minimum, the 
hum is being introduced in the stage or stages 
preceding the gain control. The microphone 
also may pick up hum, a condition that can 
be checked by removing the microphone from 
the circuit but leaving the first speech-amplifier 
grid circuit otherwise unchanged. A good 
ground on the microphone and speech system 
usually is essential to hum-free operation. 
Hum can be checked with the oscilloscope, 

where it has the same appearance as ordinary 
modulation on the carrier. While the percent-
age usually is rather small, if the carrier shows 
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modulation with no speech input hum is the 
likely cause. The various parts of the trans-
mitter may be checked through as described 
above. 

Spurious Sidebands 
A superheterodyne receiver having a crys-

tal filter is needed for checking spurious side-
bands outside the normal communication 
channel. The r.f. input to the receiver must 
be kept low enough, by removing the an-
tenna or by adequate separation from the 
transmitter, to avoid overloading and conse-
quent spurious receiver responses. With the 
crystal filter in its sharpest position and the 
beat oscillator turned on, tune through the 
region outside the normal channel limits (3 
to 4 kilocycles each side of the carrier) while 
another person talks into the microphone. 
Spurious sidebands will be observed as in-
termittent beat-notes coinciding with voice 
peaks — or, in bad cases of distortion or over-
modulation, as " clicks" or crackles well away 
from the carrier frequency. Sidebands more 
than 3 to 4 kilocycles from the carrier should 
be of negligible strength in a properly-modu-
lated 'phone transmitter. The causes are over-
modulation or nonlinear operation. 

Mod 
Trans 

CLASS-C AMP. 
POWER SUPPLY 

C/ass-C 
Amp p/Jte 

Power Supply 

ALTERNATIVE METER 
RETURN 

Fig. 949 — A negative-peak overmodulation indicator. 
Milliammeter MA may be any low-range instrument (up to 
0-50 ma. or so). The inverse peak-voltage rating of the 
rectifier, V, must be at least equal to the d.c. voltage ap-
plied to the plate of the r.f. amplifier. The alternative meter-
return circuit can be used to indicate modulation in excess 
of any desired value below 100 per cent. 

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 con-
trol 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 microphone, 

microphone cord, and speech amplifier is 
necessary to prevent r.f. pick-up, and a ground 
connection separate from that to which the 
transmitter is connected is advisable. Direct 
coupling or unsymmetrical coupling to the an-
tenna (single-wire feed, feeders tapped on 
final tank circuit, etc.) may be responsible be-
cause these systems sometimes cause the trans-
mitter chassis to take an r.f. potential above 
ground. Inductive coupling to a two-wire 
transmission line is advisable. This antenna 
effect can be checked by disconnecting the 
antenna and dissipating the r.f, power in a 
dummy antenna, when it usually will be found 
that the r.f. feed-back disappears. If it does not, 
the speech amplifier and microphone shielding 
are at fault. 

Overmodulation Indicators 

The most positive method of preventing over-
modulation is the clipper-filter system de-
scribed earlier, when properly set up and ad-
justed. In the absence- of such a system — or 

even with it, just to be safe — some form of 
overmodulation indicator should be in constant 
use when the transmitter is on the air. 
The best device for this purpose is the cath-

ode-ray dscilloscope. The trapezoidal and 
wave-envelope patterns are equally useful. 
A 60-cycle sinusoidal sweep will be quite satis-
factory for the wave-envelope pattern. Either 
pattern should be watched particularly for the 
bright spots at the axis that accompany over-
modulation in the downward direction. The 
speaking-voice intensity should be kept below 
the level that shows 100-per-cent modulation 
on the 'scope. 
Overmodulation on negative peaks is more 

likely to result in spurious sidebands than 
overmodulation in the upward direction be-
cause of the sharp break that occurs when 
the carrier is suddenly cut off and on. The 
milliammeter in the negative-peak indicator 
of Fig. 9-49 will show a reading on each over-
modulation peak that carries the instantaneous 
voltage on the plate of the Class C modulated 
amplifier " below zero" — that is, negative. 
The rectifier, V, cannot conduct so long as 
the negative half-cycle of audio output volt-
age is less than the d.c. voltage applied to the 
r.f. tube. The rectifier tube must be of a type 
suitable for the Class C plate voltage em-
ployed, and its filament transformer must have 
similarly-rated insulation. 
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 alternative diagram. 
The by-pass condenser, C, insures that the 
full audio voltage appears across the indicator 
circuit. The modulation percentage at which 
the system indicates is determined by the 
ratio of the d.c. voltage between the meter 
tap and the positive terminal to the total d.c. 
voltage. 
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Frequency and Phase Modulation 

The primary advantage of frequency or 
phase modulation over amplitude modulation 
come; from the fact that noise or "static," 
whether natural or set up by electrical ma-
chines, is fundamentally an amplitude effect. 
An AM detector responds to noise just as 
readily as to the desired modulation on a sig-
nal. However, if the receiving system responds 
only to frequency or phase changes and is in-
sensitive to amplitude variations, it will give 
normal reception of an FM or PM signal but 
will not receive noise. 

This statement, although an oversimplifica-
tion, conveys the basic idea. In practice it is 
only partially accurate; the improvement that 
can be realized by using FM or PM instead of 
AM depends on the strength of the received 
signal, the character of the noise, and the way 
the noise is distributed over the receiver pass-
band. In general, the wider the channel occu-
pied by the signal the better the noise suppres-
sion — if the signal strength is above a certain 
threshold value. The wider the channel occu-
pied by the signal, the stronger the signal re-
quired to reach the threshold. The noise sup-
pression in the receiver is most effective when 
the noise is evenly distributed over the re-
ceiver passband and least so when the noise 
appears on one side or the other of the incom-
ing carrier. (The noise itself usually is properly 
distributed, but misalignment in receiver cir-
cuits will cause uneven response over the pass-
band.) The noise suppression also is most 
marked when the noise is of the "impulse" 
type, having a high peak amplitude but short 
duration. 

In amateur work, FM and PM have been 
used not so much because of the possibility of 
an improved signal-to-noise ratio but because 
of more-or-less incidental advantages. For ex-
ample, in the ultrahigh and superhigh fre-
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Fig. 9-50— 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, B, is applied, the radio frequency is 
increased and decreased according to the amplitude and 
polarity of the modulating signal. 

quency ranges some tubes do not lend them-
selves well to amplitude modulation, but can 
easily be frequency-modulated. On the lower 
frequencies FM and PM are often used be-
cause they cause less interference than AM in 
unshielded broadcast receivers in the vicinity. 

Frequency Modulation 

The fundamental principle of frequency 
modulation is easy to understand. Suppose we 
have an oscillator operating at a frequency of, 
say, 3900 kc. Further suppose that we vary the 
oscillator tuning control back and forth so that 
at one extreme the frequency is 3905 kc. and 
at the other, 3895 kc.; that is, plus and minus 
5 kc. on either side of the carrier frequeney. 
Imagine that the tuning is varied back and 
forth in that fashion at 1000 times per second. 
Then we are frequency modulating the oscil-
lator at an audio frequency of 1000 cycles. 
The frequency deviation is the maximum 

change in frequency from the carrier frequency; 
in this example it is 5 kc. So long as the tuning 
control is varied between the same two ex-
tremes, the frequency deviation is the sanie no 
matter how rapidly the control is varied; 
i.e., no matter what the modulating frequency. 
In other words, we can make the deviation any 
reasonable figure we want, whether it is a few 
hundred cycles or tens of kilocycles, and it is 
not affected by the modulating frequency. 

Fig. 9-50 is a representation of frequency 
modulation. In the unmodulated carrier each 
cycle occupies the same time as the preceding 
one. 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 opposite polarity. This 
is indicated in the drawing by the fact that the 
r.f. cycles occupy less time (higher frequency) 
when the modulating signal is positive, and 
more time (lower frequency) when the modu-
lating signal is negative. The change in the 
carrier frequency is proportional to the in-
stantaneous amplitude of the modulating sig-
nal — or, to use the analogy above, to the 
position of the oscillator tuning control — so 
the frequency deviation is small when the in-
stantaneous 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 changes in the amplitude of the 
modulating signal. 

Phase and Frequency 

Phase modulation is a little more difficult. 
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 which its phase changes. A current 
in which the phase changes rapidly has a higher 
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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 moves along at a constant speed 
the frequency also is constant. But if the rate 
of phase change is speeded up or slowed down 
there is an accompanying shift in the frequency. 
If the speed is increased the frequency becomes 
higher; if the speed is decreased the frequency 
becomes lower. 
Now suppose we have a transmitter operat-

ing at a fixed frequency; a frequency that is 
unaffected by tuning an amplifier that is a few 
stages removed from the frequency-controlling 
oscillator. We cannot change the frequency, but 
we can shift the phase of the r.f. current by ad-
justing the tuning conti•ol of the amplifier. We 
might, for example, shift the phase of the cur-
rent in that circuit 10 degrees by detuning the 
tank circuit from resonance. Once the detuning 
is finished the phase shift is permanent, but 
there is still just exactly the same number of 
cycles per second as before — so the frequency 
is exactly the same as it was in the first place. 
But during the time that the phase shift is taking 
place there is a change infrequency. If the phase 
is advanced (moved forward) the frequency 
increases; if it is retarded (slowed down) the 
frequency decreases. 
This "instantaneous" frequency change 

would never be noticed in tuning an amplifier 
tank circuit, because the frequency deviation 
depends on the speed with which the phase is 
shifted. Any manual adjustment would be too 
slow to make an observable frequency change. 
But when the phase is shifted back and forth 
at an audio-frequency rate the frequency devia-
tion is observable, and it is directly propor-
tional to the rate at which the phase is shifted. 
The rate of phase shift is naturally proportional 
to the total number of degrees through which 
the phase is shifted; it is also proportional to 
the amplitude of the modulating signal (a 
large signal will shift the phase more, in the 
same time, than a small signal), and to the 
frequency of the modulating signal because the 
phase shift is more rapid the greater the num-
ber of times it is shifted per second. 
To summarize, then, in FM the carrier fre-

quency deviation is proportional to the ampli-
tude of the modulating signal but not to its 
frequency. In PM the deviation is proportional 
to both the amplitude and frequency of the 
modulating signal. Fig. 9-50 is just as represen-
tative of PM as it is of FM, because it is im-
possible to tell the two apart when there is 
only one modulating frequency. 

Modulation Depth 

In FM or PM there is no condition that 
corresponds exactly to overmodulation in AM. 
"Percentage of modulation" has to be defined 

a little differently for these systems. Practi-
cally, " 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. 
Until the maximum width is set for the chan-
nel, percentage of modulation has no meaning. 

In amateur work no specifications have been 
set up for channel-width except in the case of 
"narrow-band" FM or PM (frequently ab-
breviated NFM), where the channel-width is 
defined as being the same as that 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. 
NFM transmissions based on an upper audio 
limit of 3000 cycles therefore should occupy a 
channel no wider than 6 ke 

FM and PM Sidebands 

• From the descriptions given above of the 
fundamentals of frequency and phase modula-
tion it might be concluded that the channel 
occupied by the transmission would be no 
greater than the frequency deviation on each 
side of the carrier. However, if we applied the 
same line of reasoning to amplitude modulation 
we should reach the conclusion that an AM 
signal takes up no more space than the carrier 
alone, since only the amplitude of the carrier 
varies. Both conclusions would be wrong; the 
fact is that both FM and PM set up sidebands, 
just as AM does. In the case of FM and PM, 
single-tone modulation sets up a whole series 
of pairs of sidebands that are harmonically re-
lated to the modulating frequency, whereas in 
AM there is only one pair of sidebands. 
The number of "extra" sidebands that occur 

in FM and PM depends on the relationship 
between the modulating frequency and the 
carrier frequency deviation. The ratio be-
tween the frequency 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 — 

Modulating 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 

At the same deviation with 3000-cycle modula-
tion the index would be 1; 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-
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quency; in FM it varies with the modulating 
frequency, as shown in the previous example. 
To identify any particular FM system, the 
limiting modulation index — that is, the ratio 
of the maximum carrier-frequency deviation to 
the highest modulating frequency used — is 
called the deviation ratio. 

Fig. 9-51 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 kc., the first sideband pair 
is at 29,498 kc. and 29,502 kc., the second pair 
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Fig. 9-51 — How the amplitude of the pairs of sidebands varie 
with the modulation index in an FM or PM signal. If the curves 
were extended for greater values of modulation index it would be 
seen that the carrier amplitude goes through zero at several 
points. The same statement also applies to the sidebands. 

is at 29,496 kc. and 29,504 kc., the third at 
29,494 kc. and 29,506 kc., 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 kc. under the same conditions. 

Note that, 118 shown by Fig. 9-51, the carrier 
strength varies with the modulation index. 
(In amplitude modulation the carrier strength 
is constant; only the sideband amplitude 
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 total 
power remaining the same regardless of the 
modulation index. In AM the sideband power 
is supplied by the modulator in the case of 
plate modulation, and by changing the power 
input and efficiency in the case of grid-biai 
modulation. 

Fig. 9-51 can be carried out to considerably-
higher modulation indexes, in which case it will 

be found that more and more additional side-
bands are set up and that the carrier goes 
through several "zeros" and reversals in phase. 

Frequency Multiplication 

In amplitude modulation it is customary 
amateur practice to apply the modulation to 
the final r.f. stage of the transmitter. If a lower-
level stage is modulated, a special type of 
operation is necessary in the following r.f. 
stages to pass the modulation envelope without 
distortion. These "linear" amplifiers are rather 
difficult to adjust properly and must be oper-
ated at low plate efficiency. Consequently, the 
simplest and most economical transmitter de-
sign results when the final stage is modulated. 

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 multi-
pliers or straight amplifiers. In fact, this 
is the usual practice. The audio power 
required for modulating an FM or PM 
transmitter is negligible. 

If the modulated signal is passed 
through one or more frequency multi-
pliers, the modulation index is multiplied 

 3.0 by the same factor that the carrier fre-
quency is multiplied. For example, sup-
pose that the controlling oscillator in the 
transmitter is on 3.5 Mc. and the 
final output is on 28 Mc. The total fre-
quency multiplication is 8 times, and 
any FM or PM applied to the oscillator 
will likewise be multiplied by 8 in the 

28-Mc. output. 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 modu-
lator itself is capable of giving that much 
deviation without distortion. Also, if the same 
oscillator is modulated in a transmitter that 
operates on several bands, the frequency devia-
tion is different on each band. The amount of 
frequency multiplication after modulation al-
ways must be taken into account in determin-
ing whether or not the final frequency devia-
tion is the desired value on a given band. 

• NARROW-BAND FM OR PM 
Where FM or PM is used in crowded 

'phone bands (particularly below 27 Mc.) it is 
of utmost importance that the transmissions 
should occupy no greater channel-width than 
would be occupied by an AM signal. It is evi-
dent from Fig. 9-51 that this requirement can 
be met only by using a relatively small modu-
lation index. It must be realized that the higher-
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order sidebands always are inesent, even at 
very small indexes. It is therefore necessary to 
set an arbitrary level above which the extra 
sidebands should not go. If the modulation 
index (with single-tone modulation) does not 
exceed 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 distribution 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 and inexpensive. 
However, assuming the same unmodulated 
carrier power in all cases, narrow-band FM 
or PM is not as effective as AM. As shown 
by Fig. 9-51, 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 power input. This 
assumes that the receiving system is equally 
efficient in all cases. This very often is not 
true on the low-frequency bands, since com-
munications receivers are designed primarily 
for AM reception. 

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. 9-52 is a representative circuit. The con-
trol-grid circuit of the 6L7 tube is connected 
across the small capacitance, CI, 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 C1, so the 
r.f. current through R1C1. will be practically in 
phase with the r.f. voltage appearing at the 
terminals of the tank circuit. However, the 
voltage across C1 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 CI. 
or 90 degrees behind the r.f. tank voltage 
This lagging current is drawn through the 
oscillator tank, giving the same effect a-
though an inductance were connected 
across the tank. The frequency increase, 
in proportion to the amplitude of the 
lagging 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. 
voltage, making the reactance capacitive 
rather than inductive. 

Tuned 
Tank 

Fig. 
C — 
C3 

C4 
L — 
Ri 
113 

A circuit using a receiving-type r.f. pentode 
of the high-transconductance type, such as the 
6SG7, is shown in Fig. 9-53. 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 capacitance Cg 

corresponds to C1 in Fig. 9-52; it represents the 
input capacitance of the tube. (It is possible, 
also, to omit C1 from Fig. 9-52 and depend upon 
the input capacitance of the 6L7 instead; thé 
only disadvantage is that there is then no con-
trol over the modulator sensitivity. Likewise, 
a 3-30-pafd. trimmer condenser can be con-
nected at Cg in Fig. 9-53 to permit controlling 
the sensitivity.) In Fig. 9-53 the r.f. circuit is 

cz 
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9-52 — Reactance-modulator circuit using a 6L7 tube. 
R.f. tank capacitance. Ci — 3-30 gpfd. C2 — 220 µdd. 

— 8-pfd. electrolytic (a.f. by-pass) in parallel with 0.01-pfd. 
paper (r.f. by-pass). 

— 10-pfd. electrolytic in parallel with 0.01-pfd. paper. 
R.f. tank inductance. 112, R — 0.47 megohm. 

— 47,000 ohms.. 11. — 330 ohms. 
— 33.000 ohms. RFC — 2.5 mh. 
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series-fed, which is advantageous if the r.f. 
tube and the modulator can be operated at the 
same plate voltage. The use of different plate 
voltages on the two tubes calls for the parallel-
feed arrangement shown in Fig. 9-52. 
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 Mc. 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. 
A reactance modulator can be connected 

to a crystal oscillator as well as to the self-
controlled type. However, the resulting sig-
nal is more phase-modulated than it is fre-
quency-modulated, for the reason that the 
frequency deviation that can be secured by 
varying the tuning of a crystal oscillator is 
quite small. 

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 CI is made smaller, for 
a fixed value of RI, and also increases with an 
increase in L/C ratio in the oscillator tank 
circuit. Since the carrier stability of the oscil-
lator 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. 9-53 is used in connec-
tion with a 7-Mc. oscillator, a linear deviation 
of 1500 cycles above and below the carrier 
frequency can be secured when the oscillator 
tank capacitance is approximately 200 iletfd. 
A peak al. 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 
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-amplifier stages 
are needed; a two-stage amplifier consisting of 
a pentode followed by a triode, both resistance-
coupled, will more than suffice .for crystal 
microphones. 

• PHASE MODULATION 
The same type of reactance-tube circuit 

that is used to vary the tuning of the oscillator 
tank in FM can be used to vary the tuning of 
an amplifier tank and thus vary the phase of 
the tank current for PM. Hence the modulator 
circuits of Figs. 9-52 and 9-53 can be used for 
PM if the reactance tube works on an amplifier 
tank instead of directly on a self-controlled 
oscillator. 
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Fig. 9-53 — Reactance modulator using a high-tran— 
conductance pentode (6SG7, 6AG7, etc.). 
CI — R.f. tank capacitance (see text). 
C2, C3 — 0.001-µfd. mica. 
C4, C3, Co — 0.0047-pfd. mica. 
C7 — 10-pfd. electrolytic. 
Cs — Tube input capacitance (see text). 
RI, R3 — 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 /23. 
Li — R.f. tank inductance. 
RFC — r.f. choke. 

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. A 
practical phase-modulator unit is described 
later in this chapter. 
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A Frequency-Control and FM-Modulator Unit 
The accompanying photographs show a com-

plete VFO/reactance-modulator unit designed 
to work into a normally crystal-controlled 
transmitter using either 7- or 14-Mc. crystals. 
It has its own power supply, using a small 
"broadcast-replacement" power transformer. 
The VFO uses a 68.17 as the oscillator tube, and 
is followed by a 6SJ7 buffer that may be used 
as a straight amplifier for 7-Mc, output, or as 
a frequency doubler for 14-Me. output. The 
reactance modulator is a 6L7. There are two 
stages of speech amplification, a 6SJ7 followed 
by a 605, a combination that provides ample 
gain for a crystal microphone. The r.f. output 
of the unit is intended to be fed through a link 
to a tuned circuit that substitutes for the 
crystal in the transmitter's regular crystal-os-
cillator circuit. This tuned circuit should be 
resonant at the same frequency as the output 
tank circuit in the control unit (L2C3 in Fig. 
9-54) and can be identical in construction. 
The constants of the oscillator tank circuit 

are chosen so that the frequency range 6000-
7425 kc. can be covered. In the transmitter, the 
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output can be multiplied in frequency to the 
14-, 28-, 50- and 144-Mc, bands when the 
6SJ7 oscillator is set to the appropriate fre-
quency. 
The sensitivity of the modulator is controlled 

by the setting of C11. The higher the capaci-
tance of this condenser the smaller the frequency 
deviation for a given audio input voltage to 
the modulator. At maximum sensitivity, with 
Cu at minimum capacitance, the linear devia-
tion is approximately 1.5 kc.; this deviation 
requires a signal of 2 volts peak at the No. 
3 grid of the 6L7. The actual deviation at the 
output frequency depends on the amount of 
frequency multiplication following the oscil-
lator. The maximum linear deviation is 3 kc. 
at 14 Mc., 6 kc. at 28 Mc., 12 ke. at 50 Mc., 
and 36 kc. at 144 Mc. The unit is therefore 
suitable for narrow-band frequency modulation 
on 14 and 28 Mc., and for wide-band FM on 
50 and 144 Mc. For narrow-band FM the 
speech-amplifier gain should be set so that the 
deviation does not exceed about 2 kc. at the 
o utput frequency. 

c„ I c„ 

Fig. 9-54 — Circuit diagram of the FM control unit for use with normally crystal-controlled v.h.f. transmitters. 

Ci — 150-amfd silvered mica (for 
7 Mc.) 

•—• 100-µpfd. variable (National 
SE-100). 

Ca — 50-apfd. variable (Hammar-
lund HF-50). 

C4 100-pafd. mica. 
Ca, Ci — 220-aafd. mica. 
Cs — 0.001-pfd. mica. • 
C7, C8, C9, CIO, C13, C15, C199 C20 --

0.01-gfd. paper. 
Cii — 3-30-aafd. mica trimmer. 
C14, C22, Cas — 8-gfd. 450-volt elec-

trolytic. 
CI4, C17 — 10-pfd. 25-volt electro-

lytic. 
CI8 0.1-mfd. 200-volt paper. 

C2I — Dual 450-volt 8-afd. electro-
lytic. 

Ri — 0.1 megohm, 1 watt. 
R2 — 22,000 ohms, 1 watt. 
113, R4, R8, R11 — 47,000 ohms, 1 

watt. 
Re, Rs — 330 ohms, 3,¡ watt. 
R7, RIO — 0.47 megohm, h watt. 
Rs — 33,000 ohms, 1 watt. 
Rix — 4.7 megohms, watt. 
R13 — 1000 ohms, watt. 
RI4 — 1 megohm, A watt. 
Ris, R19 — 0.22 megohm, watt. 
Rie — 0.5-megohm volume control. 
RI7 — 2200 ohms, 3,¡ watt. 
R18 — 47,000 ohms, watt. 
R20 — 0.15 megohm, 1 watt. 

L1 — 7 Mc.: 11 turns No. 18 e., 
length Vi inch, 1-inch diam-
eter, tapped 3rd turn from 
ground. 

L2 — 3.5 Mc.: see text; 7 Mc.: 23 t. 
No. 24. e. close-wound on 
1-inch diam. form; 14 Mc.: 
11 t. No. 24 e. spaced wire 
diam. on 1-inch diam. form. 
Link: 3 to 5 turns (not criti-
cal). 

Li — Filter choke, 10 hy., 40 ma. 
RFC — 2.5-mh. r.f. choke. 
S — S.p.s.t. toggle switch. 
T1 — 500 volts c.t., 40 ma.; 6.3 volt« 

at 2 amp.; 5 volts at 2 amp. 
(Thordarson T-13R11). 
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In the top view of the unit, the 6SJ7 oscil-
lator tube is alongside the aluminum shield 
that covers the oscillator coil. The 6SJ7 r.f. 
amplifier is between the oscillator tuning con-
denser (at the center) and its output coil at 
the left. The tubes along the right-hand edge of 
the chassis are the 6SJ7 and 6C5 speech ampli-
fiers, with the former in front. The 6L7 modu-
lator is between the speech-amplifier tubes and 
the oscillator tuned circuit. The r.f. leads in the 
oscillator circuit, including the connections to 

Cu, and the No. 1 grid of the 6L7, should 
be kept short and rigid. The usual precautions 
as to wiring in r.f. and audio circuits should be 
o bserved. 

For narrow-band FM in the portion of the 
3.5-Mc, band in which such operation is per-
mitted, it is advisable to operate the oscillator 
at half the desired frequency and use the r.f. 
output stage as a doubler to 3.5 Mc. For this 
purpose it is suggested that a 470-ioafd. silvered 

Fig. 9-56 — In this bottom view of 
the FM modulator unit, the r.f. sec-
tion is at the right and the audio at 
the left. The oscillator socket is to the 
right of the coil socket in the center. 

• 

Fig. 9-55 — This modulator-oscillator unit is 
used with normally crystal-controlled v.h.f. 
transmitters for frequency-modulated output. 
It contains a speech amplifier and power sup-
ply, so that no additional equipment is needed. 
The oscillator coil is in the round shield can in 
the center. The coil in the left foreground is 
the buffer output circuit. The speech amplifier 
and modulator are at the right, with the power 
supply along the rear. A 7 X 11-inch chassis 
is used. 

mica condenser be substituted at C1, and that 
L1 consist of 29 turns of No. 20 enameled wire 
close-wound on a 1-inch diameter form. The 
oscillator cathode tap should be at the 9th turn 
from ground. The r.f. output coil, L2, should 
have 46 turns of No. 24 enameled wire close-
wound on a 1-inch diameter form. The fre-
quency range of the oscillator will be sufficient 
to cover the frequencies assigned for ' phone. 
Somewhat more r.f. output can be obtained 

by substituting a 6AC7 for the 6SJ7 output 
amplifier. This substitution should be neces-
sary only if the 6SJ7 is incapable of driving the 
crystal-oscillator tube in the transmitter. The 
considerations involved in coupling a VFO to 
various types of crystal-oscillator circuits are 
discussed in Chapter Six. 

Before putting the unit on the air the carrier 
frequency stability and frequency deviation 
should be checked by the methods outlined 
later. 
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A Narrow-Band PM Exciter Unit 
The unit shown in Figs. 9-57, 9-58 and e-59 

will deliver from 10 to 20 watts of phase-modu-
lated output, depending upon the plate voltage 
used, and it can be used to replace the crystal 
oscillator of that power level in any existing 
transmitter. It can also be used with an exist-
ing VFO to obtain a phase-modulated signal. 
A low-pass filter is incorporated to limit the 
modulation frequencies to those below 3000 
cycles, thus making it easier to comply with 
the regulations on narrow-band FM and PM. 
As can be seen in the wiring diagram, Fig. 

9-57, a 6J5 Pierce-type oscillator circuit is used 
to excite a 6SK7 r.f. amplifier. If VFO control 
is used, the 6J5 can be removed from its socket 
and the VFO output introduced at Ji. To ac-
commodate various output levels from the VFO, 
a gain control, R3, is included in the cathode 
circuit of the 6SK7 amplifier. 'The plate circuit 
of the 6SK7 amplifier is reactance-modulated 
(to give the PM signal) by a 6SG7 reactance 
modulator, and the output of the 6SK7 drives 
a 2E26 r.f. amplifier. With 500 volts on the 

Ci — 22-iipfd. mica 
C2, C5, CS, C7, C10, C11, C13, C23, C24, C20, C27 — 0.001-

pfd. mica. 
Ca, CS, C9 — 100•µµfd. mica. 
Cs — 50-ppfd. midget variable (Millen 21050). 
C12 — 50-ppfd. variable (Millen 22050). 

C113, C25 — 10-pfd. electrolytic, 25 volts. 
Cis — 0.1-pfd. paper, 200 volts. 
Cie — 0.05-pfd. 400-volt paper. 
C17 — 8-pfd. electrolytic, 450 volts. 
C19, C21, C22 — 0.01-pfd. 400-volt paper. 
Cm — 0.006-pfd. 200-volt paper. 
Ri, RI, Rs, R14 — 47,000 ohms. 
113 — 5000-ohm potentiometer, wire-wound. 
Rs, Rs, Rh — 470 ohms. 
116— 12,000 ohms. 
Ri — 330 ohms, 1 watt. 
R9 — 100 ohms. 

+250 
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plate of the 2E26, 15 watts output can be ob-
tained, and the plate voltage can be raised to 
600 if more output is required. The microphone 
input at J4 is amplified through a 6SJ7 and a 
6J5, and the low-pass filter is connected be-
tween the 6J5 and the 6SG7 modulator tube. 
The degree 6f modulation is controlled by the 
setting of R15, the audio gain control. 

Construction 

The unit is built on a 7 X 12 X 3-inch chas-
sis, and the location of the components can be 
seen from Figs. 9-58 and 9-59. A shield can 
(Millen 80016) is used over LI, to avoid regen-
eration, and a small shield extends up 1 inch 
around the 2E26 for the same reason. No 
special care is necessary in wiring the unit, ex-
cept that C5 or C6 should be mounted across the 
6SK7 socket, to shield the grid pin from the 
plate pin, and the audio-circuit wiring should 
be kept away from the r.f. circuits. The r.f. 
input and output, from Ji and ,15, is most con-
veniently run in short pieces of RG-58/U 

6557 2 E 26 

C. 

Re 

+150 + 500 
et 

21 To Heaters 

+150 
ret 63V - + 150 +250 +500 

eg 
Fig. 9-57 — Wiring diagram of the narrow-band phase-modulation unit. 

Rio, Ri2 — 1.0 megohm. 
Ri l — 820 ohms. 
Rig — 0.22 megohm. 
Ria — 0.25-megohm volume control. 
Rig — 1000 ohms. 
R17 — 3900 ohms. 
Ris — 0.1 megohm. 
Rig — 22,000 ohms. 
R20 — 220 ohms. 

Resistors ,1/2" watt unless otherwise specified. 
Li, L2 — 3.5 Mc.: 40 turns No. 26 e., 1" d., close-wound. 
14 — 9 turns No. 22 enam., close-wound next to cold 

end of L2. 
L4 0.25 henry (Millen 34400-250). 

J3 — Cable connector (Jones S-201). 
12 — Closed-circuit midget jack. 
— Microphone-cable connector (Amphenol PC1M). 

RFC1, RFC2 — 2.5 mh. 
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cable, but no other shielding should be neces-
sary. The excitation control, R3, was made to 
be adjusted by a screwdriver, since ordinarily 
there is little need for changing the setting 
once it has been established. 
The power-supply requirements are 500 

Fig. 9-59 — The r.f. and audio 
wiring of the PM exciter are 
kept separated as much as 
possible. To carry out this 
scheme, the audio gain con-
trol is mounted on a small 
bracket, and a long shaft is 
brought out to the panel. 

volts at 60 ma. (or whatever is required for 
input to the 2E26 plate), 250 volts at 25 ma., 
150 volts regulated (by a VR-150) at about 12 
ma., and 6.3 volts a.c. at 2.3 amperes. If the 
150-volt supply is not regulated, C27 should be 
shunted with an 8-mfd. electrolytic condenser, 
to avoid audio degeneration. 

Tuning 

To set the unit in operation after the power 
supply has been connected, allow the heaters 

CHAPTER 9 
Fig. 9-58 — The narrow-band PM exciter 
is built in simple style. The r.f. stages are 
mounted along the front, and from left to 
right the tubes are 6J5, 6SK7 and 2E26. 
Note the shield can for the 6SK7 plate 
coil. The tubes at the rear from left to 
right, are 65.17, 6J5 and 6St7. 

to warm up and apply plate power. 
If the crystal oscillator is being 
used, the circuit will work with-
out adjustment and, with R3 set 
at minimum resistance, a meter 
plugged in at J2 should read 3 or 4 
ma. when Cg is tuned to resonate 
the 6SK7 plate circuit. With VFO 
input, the excitation may be more 
than this. The 2E26 plate circuit 

can be tuned using a milliammeter in the 500-
volt lead or by reading grid current on the 
following stage. When the two r.f. circuits 
have been resonated, the gain of the 6SK7 
stage should be reduced, by increasing the 
resistance at R3 until the grid current is be-

tween 2.5 and 3 ma. Monitoring the signal 
in a receiver (at reduced gain and with no 
antenna connected), the proper setting of R15 
for the microphone in use can be found. The 
audio gain control, R1g, will normally be set 
near maximum for work on 3.9 Me., but it will 
be necessary to reduce the setting for 14- and 
29-Me. operation. Working with a 3.9-Me. 
crystal or VFO, best results on 75-meter 'phone 
will be obtained when the receiving operator 
uses his crystal filter for pure PM reception. 

Checking FM and PM Transmitters 

Accurate checking of the operation of an 
FM or PM transmitter is considerably more 
difficult 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, in the 
same fashion that an oscilloscope will indicate 
the instantaneous modulation percentage of an 
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AM signal. To check an FM signal we must 
first establish the relationship between fre-
quency deviation and the amplitude of the 
speech signal that is causing the deviation. 
Then the amplitude of the speech signal be-
comes a measure of the frequency deviation. 

There is one very favorable feature in FM 
or PM checking. The modulation takes place 
at a very low level and the stages following the 
one that is modulated do not affect the fre-
quency deviation 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 
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 PM. 
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. 9-60. The 
battery, 13, 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, 

B To Mod Grid 
Resist:1r 

Fig. 9.60 — 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. 

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 (disconnect 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 AI 
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 cali-
brated audio-frequency oscillator, or by com-
parison with a piano or other musical instru-
ment (see Chapter Twenty-Four for frequen-
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Grid—Voltage Deviation 
From Operating Bas 

Fig.. 9-61 — A typical curve of frequency deviation vs. 
modulator grid voltage. This curve was taken on the 
FM modulator unit described in this chapter (6L7 
modulator and oscillator operating on 7 Mc.). 

+2 +3 

cies 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. 9-61. 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. 9-62. Note its de-
flection (using the d.c. voltage method as in 
Fig. 9-60) 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 
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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 channel-width occupied by the 

Fig. 9-62 — 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. 

transmission. (The same method also can be 
used to check FM.) For this purpose it is 
necessary to liave a crystal-filter receiver and 
an a.f. oscillator that generates a 3000-cycle 
sine wave. 

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 (use the connections shown 
in Fig. 9-43 to avoid overloading) and increase 
the audio gain until there is a small amount of 
modulation. Tuning the-receiver on either side 
of 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 3000-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 — a situation comparable to an AM 
transmitter that is not capable of 100-per-cent 
modulation. The 6-kc. sidebands should ap-
pear 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 biilliance 
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, it is 
possible for the selectivity of the tank circuits 
in the transmitter to cause the amplitude to 
decrease at high deviations, but this is not 
likely to occur on the amateur frequencies at 
which wide-band FM would be used. It is a 
practical certainty that it cannot occur with 
narrow-band FM or PM, except when an am-
plifier stage is on the verge of self-oscillation. 
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Antennas and 

Transmission Lines 
The radio-frequency power that is generated 

by a transmitter serves a useful purpose only 
when it is radiated out into space in the form 
of electromagnetic waves. It is the antenna's 
job to convert the power into radio waves as 
efficiently as possible, and to direct the waves 
where they will do the most good in com-
munication. To do so, the antenna usually 
must be located well above the ground and 
kept as far as possible from buildings, trees, 
and other objects that might absorb energy. 
This raises a problem, because by some means 
or another the power that is generated inside 
the station, in the transmitter, must be con-
veyed to the antenna. The usual means 
is a transmission line. 
There is thus a natural association be-

tween antennas and transmission lines 
— an association that has frequently led 
to the quite mistaken belief that an an-
tenna fed by a particular type of transmission 
line is a better (or worse) radiator than exactly 
the same type of antenna fed by a different 
type of transmission line. The fact is that a 
transmission line can be used to carry power 
to any sort of device — not just an antenna — 
capable of receiving it. Nor does the antenna 
care. by what means it gets the power; the 
amount it receives will be radiated just as well 
no matter by what system it was conveyed to 
the antenna. 

While it would be dangerous to carry the 
comparison very far, there are nevertheless 
some similarities between transmission lines at 
radio frequencies and the lines used for carry-
ing 60-cycle power from the generating station 
to the consumer. Some lines are best adapted to 
carrying power at high voltage and relatively 
low current; the reverse is true of others. Like 

a lot of other electrical devices, some antennas 
want a relatively large current at low voltage, 
while others want high voltage at low current. 
We connect a 115-volt lamp, for example, to a 
115-volt power line, but if we have a 6-volt 
lamp and want to run it from the 115-volt line 
we have to use a transformer to reduce the 
voltage. Similarly, if an antenna wants high 
current at low voltage (low impedance) and the 
transmission line is of a type that is best 
adapted to carrying power at low current and 
high voltage (high impedance), we need a 
transforming device comparable to the trans-
former used with the 6-volt lamp. 

'TRANSMITTER — IMPEDANCE 
TRANSFORMER 

Fig. 10-1— flic principal elements in the system connecting 
the transmitter and antenna. 

TRANSMISSION IMPEDANCE 
LINE TRANSFORMER 

ANTENNA 

The power company's generators usually do 
not generate the voltage that is wanted on the 
power line, so an appropriate transformer is 
connected between the generator and the line. 
Similarly, the voltage generated in the tank 
circuit of the final amplifier in the transmitter 
usually has to be transformed to a value that 
"fits" the transmission line used. At radio fre-
quencies, it is more convenient to talk in terms 
of impedance rather than voltage, so we speak 
of "impedance transformations" rather than 
"voltage transformations." In general, we have 
a complete system like that shown in block 
form in Fig. 10-1. Perhaps this looks com-
plicated, but the power-line analogy should 
help make it understandable. The equipment 
itself is not particularly complex, and seems 
even less so when the underlying necessity for 
it is appreciated. 

Transmission Lines 

At power-line frequencies — and even at 
rather high radio frequencies when we are deal-
ing with tuned circuits that are physically 
rather small — it is habitual to think of cur-
rent as flowing "around" the circuit. In a 
series circuit, for example, it is assumed that 
the current has the same value at every point 

in the circuit. Indeed, all the explanations of 
circuit action in Chapter Two are based on this 
assumption. 
The assumption can be true only if electrical 

and magnetic effects take place instantane-
ously all around the circuit. The fact is, though, 
that the action is not instantaneous. The 
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fastest that an electromagnetic field can travel 
is 300,000,000 meters, or 186,000 miles, per 
second. This is a tremendous speed, and is so 
great that in many circuits the action appears 
to be instantaneous. When that is so we can 
ignore the fact that it takes a certain amount 
of time for an electrical effect that occurs at 
one peint to be felt at another a short distance 
away. 
But there are other circuits in which time 

becomes an all-important factor. The trans-
mission lines used to carry radio-frequency 
power are typical circuits in which time cannot 
be neglected. 

• CURRENT FLOW IN LONG LINES 
Suppose we have a battery connected to a 

pair of parallel wires that eztends to a very 
great distance, as in Fig. 1.0-2. At the moment 

Fig. 10-2 — Illustrat-
ing current flow on a 
long transmission line. 

the battery is connected to the wires, electrons 
in wire No. 1 near the positive terminal of the 
battery will be attracted to the battery, and 
the same number of electrons in wire No. 2, 
near the battery terminal, will be repelled out-
ward along the wire. The directions are shown 
by the arrows. Thus a current flows in both 
wires at the instant the battery is connected. 
These currents do not flow throughout the en-
tire length of both wires simultaneously. They 
start instantaneously in both wires at the bat-
tery terminals, but a definite time interval will 
elapse before they 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 connection is made the 
currents in the wires will have traveled 300 
meters, or nearly 1000 feet, from the battery 
terminals. Note that they flow in both wires si-
multaneously, even though there may be no 
connection between the two wires at the end 
(which is infinitely far away) to form what we 
ordinarily think of as a closed circuit. 
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 88 shown in Fig. 10-3, 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 indefinitely-long chain of coils and con-
densers connected as in Fig. 10-3, where each 
L is the same as all others and all the Cs have 
the same value, has an interesting and impor-
tant peculiarity. To an electrical impulse ap-
plied to one end, the combination (or transmis-
sion line) appears to have an impedance that 

is approximately equal to ViTC, where L 
and C are the inductance and capacitance per 
unit length. Furthermore, this impedance is 
purely resistive. The line will "look like" such 
an impedance only when it is infinitely long, 
but even a short line can be made to "think" 
it is infinitely long by means to be described a 
little later. 

This inherent line impedance is called the 
characteristic impedance or surge impedance 
of the line. Its value is determined by the in-
ductance and capacitance per unit length. 
These quantities in turn depend upon the size 
of the line conductors and the spacing between 
them. The closer the two conductors of the line 
and the greater their diameter, the higher the 
capacitance and the lower the inductance. A 
line with large conductors closely spaced will 
have low impedance, while one with small 
conductors widely spaced will have relatively 
high impedance. 
The characteristic impedance of the line is a 

very important property. For one thing, it 
determines the amount of current that can 
flow when a voltage is applied to the line. 
When a line is infinitely long, the current is 
simply equal to E /Z., where E is the voltage 
applied to the line and Z. is the characteristic 
impedance. This has nothing to do with the 
resistan,ce of the conductors; in fact, in this 
simplified picture of a transmission line we 

A: Bp C: 

Fig. 10-3 10-3 — Equivalent of a transmission line in lumped 
circuit constants. 

have tacitly assumed that the conductors do 
not have any resistance. The line is an im-
pedance (like any circuit composed of. L and 
C, without any R) that does not consume 
power. Actually, of course, the conductors do 
have resistance, so power cannot be trans-
mitted along the line without some loss. But if 
the line is properly constructed and operated, 
this loss will be small compared with the 
amount of power carried to the load to do 
useful work.. 

R.F. on Lines 

Bearing in mind that time must elapse before 
the currents initiated at the "input" end of the 
line — that is, the end to which the source of 
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power is connected — can appear some dis-
tance away, consider now what happens 
when a radio-frequency voltage is applied 
to a transmission line. Suppose an r.f. gen-
erator is connected to a long line as shown 
in Fig. 10-4. To make the figures easy, as-
sume that the frequency is 10 Mc., or 
10,000,000 cycles per second. Then each 
cycle will occupy 0.1 microsecond, as shown 
by the drawing of the applied voltage. Sup-
pose that the points B and D along the line 
are 30 meters away from A and C, respec-
tively. If the current travels with the 
velocity of light, in 0.1 microsecond (one 
cycle) it will move 30 meters (300,000,000 
meters divided by 10,000,000 cycles) along 
the line. This is a distance of one wave-
length: Thus any currents observed at B 
and D occur just one cycle later in time than 
the currents at A and C. To put it another 
way, the currents initiated at A and C do 
not appear at B and D, one wavelength 
away, until the applied voltage has had 
time to go through a complete cycle. 

Since the applied voltage is always chang-
ing, the currents at A and C are changing in 
proportion. The current a short distance 
away from A and C — for instance, at X 
and Y — is not the same as the current at 
A and C because the current at X and Y 
was caused by a value of voltage that oc-
curred slightly earlier in the cycle. This is 
true all along the line; at any instant the 
current anywhere along the line from A to 
B and C to D is different from the current 
at every other point in that same distance. 
The series of drawings shows how the in-
stantaneous currents might be distributed if 
. we could snapshot them at intervals of one-
quarter cycle. The current travels out from 
the input end of the line in waves. 

At any selected point on the line the current 
goes through its complete range of a.c. values 
in the time of one cycle just as it does at the 
input end. Therefore (if there are no losses) an 
ammeter inserted in either conductor would 
read exactly the same current at any point 
along the line, because the ammeter averages 
the current over a whole cycle. The phases of 
the currents at any two separated points would 
be different, but an ammeter would not show 
this. 

"Matched" Lines 
In this picture of current traveling along a 

transmission line we have assumed that the 
line was infinitely long. Lines have a definite 
length, of course, and they are connected to 
or terminated 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 cur-
rent 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 
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Fig. 10-4 — Progression of radio-frequency current flow in a 
transmission line. 

characteristic impedance. Consequently, con-
necting 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. 

• STANDING WAVES 
Now suppose that the line is terminated in a 

load that is not equal to the line's characteristic 
impedance. To take an extreme case, suppose 
that the output end of the line is short-
circuited, as in Fig. 10-5. 
With the infinitely-long line (or its matched 

.counterpart) the impedance was the same at 
any point on the line and therefore the ratio of 
voltage to current was the same at any point 
on the line. However, the impedance at the 
end of the line in Fig. 10-5 is zero — or at 
least extremely small. A given amount of 
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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, simply reverses 
its direction of flow and goes back along the 
transmission line toward the input end. It has 
nowhere else to go. There is a very large cur-
rent in the short-circuit, but substantially 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 traveling back toward 
the source. 

Consider only the two current components 

Current 
a/one line as 
measured 
by ammeter 

Current 
distribution 
including 

•,. polarity 

Voltage 
alonq line 
disregarding 
polarity 

Voltage 
distribution 
including 
polarity 

Fig. 10-5— Standing waves of voltage and current along a 
short-circuited transmission line. 

for the moment. The reflected current travels 
at the same speed as the outgoing current, so 
its instantaneous value will be different at 
every point along the line, in the distance rep-
resented by the time of one cycle. At some 
points along the line the outgoing and reflected 
currents will be in phase while at other points 
they will be completely out of phase. At the 
out-of-phase points the currents cancel each 
other (if the outgoing and reflected currents' 
have the same value, as they will if all the 
power is reflected) and so at those points the 
resultant current is zero. At the in-phase 
points the two currents add numerically. At 
in-between points the two currents are neither 

completely in nor completely out of phase and 
so their sum is not equal to their numerical 
sum, but is something less. 
The points 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 re-
flection. The phase is completely reversed 
when the current travels for one-half cycle — 
that is, a distance of one-half wavelength — 
and is back in the in-phase condition when the 
current has traveled for one whole cycle, or 
one wavelength. 

In the short-circuit at the end of the line the 
total current is high and the two current com-
ponents are in phase. Therefore 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 
current will have its maximum value. This is 
also true at any point that is a multiple of 
a half-wavelength from the short-circuited 

end of the line. The distance along the 
line is one-half wavelength because the 
current has to travel the distance twice 
in order to " meet itself coming back." 

Since a total distance of one-half wave-
length gives a complete reversal of phase, 
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 wave-
length from the short-circuit. 

If the current along the line is meas-
ured at successive points with an am-
meter, it will be found to vary about as 
shown in Fig. 10-5B. The same result 
would be obtained by measuring the cur-
rent in either wire, since the ammeter 
cannot measure phase. However, if the 
phase could be checked, it would be found 
that in each successive half-wavelength 
section of the line the currents at any 
given instant are flowing in opposite di-
rections, as indicated by the solid line in 
Fig. 10-5C. Furthermore, the current in 
the second wire is flowing in the opposite 
direction to the current in the adjacent 
section of the first wire, as a result of the 

electron movement discussed in connection 
with Fig. 10-2. This is indicated by the broken 
curve in Fig. 10-5C. The variations in current 
intensity along the transmission line are re-
ferred to as standing waves. The point of 
maximum line current is called a current loop 
and the point of minimum line current a cur-
rent 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 an equal 
voltage of opposite polarity. In other words, 
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Fig. 10-6 — Input reactance vs. length of a short-
circuited transmission line. Actual values of reactance 
depend upon the characteristic impedance of the line as 
well as its length. For a given line length, the input 
reactance is directly proportional to the characteristic 
impedance. 

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-wave-
length from the end. The standing waves of 
voltage, shown at D in Fig. 10-5, are therefore 
displaced by one-quarter wavelength from the 
standing waves of current. The drawing at E 
shows the voltages 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 on the line is called a voltage 
loop and a voltage minimum is called a voltage 
node. 

Input Impedance 

It is apparent, from examination of 
B and D in Fig. 10-5, that at points 
that are a multiple of a half-wave-
length — i.e., %, 1, 1h 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.; 34, 34> 1 Vt, 
etc. — from the short-circuit the volt-
age is maximum and the current is 
zero. Since Z = E/I, the impedance 
at these points is theoretically infinite. 
(Actually it is very high, but not in-
finite. 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 enough 
so that the impedance is of the order 
of tens or hundreds of thousands of 
ohms.) 
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At either the odd or even multiples of a 

quarter wavelength the impedance is a pure 
resistance, because at these points the current 
and voltage in the transmission line are exactly 
in phase. 
A detailed study of the outgoing and re-

flected components of voltage and current 
will show that at a point such as X in Fig. 10-5, 
lying anywhere in the section of line between 
the short-circuit and the first quarter-wave-
length point, the current lags behind the volt-
age. This is exactly what happens in an in-
ductance, so it can be said that a section of 
short-circuited transmission line less than a 
quarter wavelength long has inductive re-
actance. The value of reactance is determined 
by the ratio,of voltage to current at the input 
end of such a line. It is evident from B and D 
in Fig. 10-5 that the reactance is low when the 
line is quite short, and highest when the line is 
nearly a quarter wavelength long. Tbe line 
also has inductive reactance when its length 
is between one-half and three-quarter wave-
length, between one and one-and-one-quarter 
wavelengths, and so on. 
On the other hand, in the section of line 

between one-quarter and one-half wavelength 
from the short-circuit the current leads the 
voltage, so a short-circuited line »having a 
length between these two limits "looks like" 
a capacitive reactance to the generator to 
which it is connected. The reactance is highest 
when the line is just over one-quarter wave-
length long, and lowest when the line is just 
less than one-half wavelength long. Fig. 10-6 
shows the general way in which the reactancé 
varies with different line lengths. 

i1/2x 11/4x Ix 3/4x 1/2x 34x LENGTH 
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Fig. 10-7 — Standing waves of current and voltage along an open. 
circuited transmission line. 
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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 because it has nowhere 

. else to go. In this case, the outgoing and re-
flected 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 

LENGTH-. 

I 

2 I, 

I 

r 
Fig. 10-8— Input reactance vs. length of an open-
circuited transmission line. Actual values of reactance 
depend upon the characteristic impedance of the line 
as well as its length. For a given line length, the input 
reactance is directly proportional to the characteristic 
impedance. 

are in phase, however, and add together. The 
result is that we again have standing waves, 
but the conditions are reversed. Fig. 10-7 
shows the open-circuited line case. It may be 
compared directly with Fig. 10-5. The imped-
ance looking into the line toward the open end 
is purely resistive at each multiple of one-
quarter wavelength. It is very low at odd 
multiples of one-quarter wavelength, and very 
high at even multiples. In fact, an open-cir-
cuited line and short-circuited line behave just 
alike if the length of one differs by one-quarter 
wavelength from the length of the other. 

Fig. 10-8 shows how the reactance varies 
with line length for the open-circuited line. 
Comparing this with Fig. 10-6 shows that the 
reactance of any given length of line is of the 
opposite type to that obtained with a short-
circuited line of the same length. 

Lines Terminated in Resistive Load 

An open- or short-circuited line does not 
deliver any power to a load, and for that rea-
son is not, strictly speaking, a " transmission" 
line. However, the fact that a line of the proper 
length has an extremely high resistive input 
impedance at a given frequency or wavelength 
makes such lines useful as substitutes for the 
more common coil-and-condenser resonant cir-
cuits. With proper design, the effective Q of 
such a "linear" resonant circuit is much higher 
than is obtainable with coils and condensers. 
Linear circuits are particularly useful at v.h.f., 
and their application in that field is discussed 

CHAPTER 10 

in later chapters. In this chapter we are con-
cerned with lines delivering power to a load 
such as an antenna. 

Fig. 10-9 shows a line terminated in a resis-
tive load. In such a case at least part of the 
outgoing 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 there 
is no such thing as complete cancellation of 
either voltage or current at any point along 
the line. However, the speed at which the out-
going and reflected components travel is not 
affected by their amplitude, so the phase rela-
tionships are similar to those in open- or 
short-circuited lines. 

It was pointed out earlier that if the load 
resistance, which we will call Zr, is equal to the 
characteristic impedance, Z., of the line all 
the power is absorbed 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 
changeover point between "short-circuited" 
and " open-circuited" lines. If Zr is less than 
Z., the current is largest at the load and the 
reflected component of voltage is out of phase 
with the outgoing component at the load. If Z, 
is greater than Z., the voltage is largest at the 
load and the reflected component of current is 
out of phase with the outgoing component. 
Thus, if Zr is less than Z. the current will be 
minimum at a point one-quarter wavelength 
from the load and at every point an odd num-
ber of quarter wavelengths away, while the 
voltage will be maximum at these same points. 
The current will be maximum and the voltage 
minimum at points that are multiples of one-
half wavelength from the load. If Z, is greater 

(A) 

(B) 

(c) 

t1/2 X 11/4,4. U 3/01. Ye. 1/4À -4— LENGTH 

Load 
(Z,R) 

ZR <Z0 

ZR>Z0 

Fig. 10-9— Standing waves on a transmission line ter-
minated in a resistive load. 

than Z., the opposite is true. The two condi-
tions are shown at B and C, respectively, in 
Fig. 10-9. 
The impedance looking into the line toward 

the load will be purely resistive (if Z, is a pure 
resistance) when the line length is a multiple 
of a quarter wavelength, just as in the open-
and short-circuited cases. The input imped-
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ance is equal to Zr when the line is an even 
multiple of a quarter wavelength long. If Zr is 
less than Z. the impedance is maximum when 
the line is an odd multiple of a quarter wave-
length long. In such a case the impedance 
looking into the line is 

where Z. -= 

Zot 
(10-A) 

Z, 

Impedance looking into line (line 
length an odd multiple of one-
quarter wavelength) 

= Impedance of load (must be pure 
resistance) 

Z. = Characteristic 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 

Z.2 (500)2 250 000  
Z. = — = = = 3333 ohms 

2, 75 75 

When Z, is greater than Z., the input imped-
ance reaches its minimum value when the line 
is an odd multiple of a quarter wavelength long 
The value of input impedance in this case also 
is given by the equation above. 

Example: A quarter-wave line is terminated in a 
resistive load of 1200 ohms. The characteristic 
impedance of the line is 600 ohms. Then the 
input impedance of the line is 

2.2 (600)2 360,000 
1200 — 1'200 3°° c'hms 

Impedance Transformation 

If the formula in the preceding discussion is 
rearranged, we have 

= (10-B) 

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. This 
is a very useful attribute of transmission lines. 

Example: A 600-ohm transmission line is to be 
used to feed an antenna that has a resistive im-
pedance of 75 ohms. It is desired that the line 
operate without standing waves, and it must 
therefore be terminated in a resistive load equal 
to its characteristic impedance; i.e., 800 ohms. 
A quarter-wave line or " linear transformer" is 
to be used to match the 75-ohm load to the line 
impedance. To do this, the characteristic impe-
dance of the quarter-wave transformer must be 

Z., = VZ.Z. = 2/75 X 600 = 
= 223 ohms 

Reactance of Terminated Lines 

We have seen that a short-circuited line less 
than one-quarter wavelength long exhibits in-
ductive reactance. Also, a line of any length 
terminated in a resistive load equal to its char-
acteristic impedance always looks like a pure 
resistance to the source of power. When the 

load is purely resistive and has any value be-
tween zero and Z., a line less than d quarter 
wave long will show inductive reactance, but 
the reactive effects decrease the closer the 
value of Zr approaches Z.. 
On the other hand, an open-circuited line 

less than one-quarter wavelength long exhibits 
capacitive reactance. If the line is terminated 
in a resistive load larger than Z„, it continues to 
show capacitive reactance but the reactive 
effects are less the closer Zr approaches Z. in 
value. 

In general, then, a line terminated in a re-
sistive impedance less than Z. will show re-
actance variations with length similar to those 
of a short-circuited line as given in Fig. 10-6. 
A line terminated in a resistive impedance 
greater than Z. will show reactance variations 
with length similar to those of an open-cir-
cuited line as given in Fig. 10-8. The magni-
tudes of the reactances will be smaller the 
closer Zr approaches Z. in value. 

Loads That Are Not Pure Resistance 

In most amateur applications of transmis-
sion lines the load is — or should be — a pure 
resistance. At least, every attempt is made to 
make it so. However, there are cases where 
the load has reactance as well as resistance, 
and recognizing the symptoms of reactance in 
the load is of value in indicating what steps 
should be taken to convert the load to a pure 
resistance. 
The situation is easier to visualize if a line 

terminated in a pure reactance is considered 
first. For example, suppose the line is termi-
nated in a capacitive reactance as shown in 
Fig. 10-10A. It does not matter to the line 
what physical form the reactance takes; the 
important thing is that in it the current leads 
the voltage. The reactance might be a con-
denser, for example — or it might simply be 
an additional section of transmission line that 
exhibits capacitive reactance at its input end, 
as indicated in Fig. 10-10B. 
From Fig. 10-8, we can see that a section 

of open-circuited transmission line less than 
one-quarter wavelength long will have capaci-
tive reactance. By proper choice of line length, 
any desired value of reactance can be obtained. 
Conversely, any " lumped" reactance, such as 
a condenser, connected to the end of the trans-
mission line can be replaced by a section of 
open-circuited line of appropriate length. If 
the condenser capacitance is small and its re-
actance therefore is high, only a short length 
of line is required. If the condenser capacitance 
is large and its reactance consequently is low, 
the additional line section must be nearly a 
quarter wavelength long. In other words, con-
necting a condenser across the end of the 
transmission line is equivalent to lengthening 
the line, electrically. The amount of effective 
lengthening depends on the capacitance of 
the condenser. 
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Once the equivalent lengthening is deter-
mined, we can simply look upon the line as 
one having the new length and apply all that 
has been said previously. In the case just con-
sidered, this would mean that the point of 
maximum current, instead of appearing ex-
actly a quarter wavelength from the end of 
the open-circuited line, would appear at some-
thing less than a quarter wavelength from the 
end. This is shown in Fig. 10-10C. The larger 
the capacitance of the terminating condenser 
the closer the current loop comes to the physi-
cal end of the line. All the other loops and 
nodes of both current and voltage would be 
changed accordingly. 
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in Fig. 10-10F. Capacitive reactance will cause 
the first current maximum to appear less than 
one-quarter wavelength from the load, as in 
Fig. 10-10C. If the positions of either the volt-
age or current loops can be determined, it is 
always possible to tell whether the reactive 
component of the load is inductive or capaci-
tive. When the load has both resistance and 
reactance, the voltage and current nodes do not 
reach zero because not all the outgoing power 
is reflected. The actual standing waves would 
be more like those shown in 10-9, but with the 
positions of the nodes and loops shifted as 
indicated in Fig. 10-10. 

Standing- Wave Ratio 

The ratio of maximum current to minimum 
current along a line, as indicated in Fig. 10-11, 
is called the standing-wave ratio. It is a meas-
ure of the mismatch between the load and the 

n line, and is equal to 1 when the line is per-
fectly matched. (In that case the "maximum" 
and "minimum" current are the same, since 
the current does not vary along the line.) When 
the line is terminated in a purely-resistive 
load, the standing-wave ratio is 

Zr  
S. W. R. or -2 (10-C) 

Zr 

Where S. IV. R. Standing-wave ratio 

Zr =-• Impedance of load (must be 
pure resistance) 

Z.= Characteristic impedance of 
line 

Fig. 10.10 — Lines terminated in reactance. A reactive 
load is equivalent to a change in the length of the line. 

If the line is terminated in an inductance, 
we can substitute a short-circuited section of. 
line less than one-quarter wavelength long for 
the lumped inductance. Thus, terminating a 
line in an inductance is equivalent to extending 
its length by something less than one-quarter 
wavelength and short-circuiting it. This is 
shown at D, E and F in Fig. 10-10. The larger 
the inductance, the greater the length of line, 
up to one-quarter wavelength, that must be 
added to obtain the electrical equivalent. When 
the equivalent section of line is substituted for 
the inductance, all that has been said about 
shorted lines applies, based on the new equiva-
lent length. 
When the load has both resistance and re-

actance the apparent length of the line is again 
increased. However, the amount of the ap-
parent increase is affected by the resistance 
component of the load together with the reac-
tive component. Inductive reactance will cause 
the first voltage maximum to appear less than 
one-quarter wavelength from the load, just as 

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 

Z. 300 
8.Tle.R. = — = — = 12 to 1 

Zr 25 
• 

It is customary to put the larger of the two 
quantities, Zr or Z., 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, 
the s.w.r. is a convenient basis for work with 
lines. The higher the s.w.r., the greater the mis-
match between line and load. Also, the higher 
the s.w.r. the more marked are the reactive 
effects when the line length is not an exact 
multiple of a quarter-wavelength. In practical 
lines, the loss in the line itself increases with 
the s.w.r. 

Resonant and Nonresonant Linea 

A transmission line terminated in a resistive 
load equal to its characteristic impedance is 
commonly called a flat, nonresonant or un-
tuned line. The line is "flat" because there are 
no standing waves, hence a graph of the cur-
rent along the line is a straight line. It is "non-
resonant" because the input impedance of 
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such a line is pure resistance and does not 
change when the line length is changed. 
When there are standing waves the line is 

said to be resonant or tuned. In this case the 
input impedance depends critically on the 
length of the line and the characteristics of the 
load. The input impedance is a pure resistance 
only when the line length is such that a current 
or voltage loop appears at the input end. The 
previous discussion has shown that the posi-
tions of these loops depends upon the charac-
teristics of the load. At all other lengths the 
input impedance consists of both reactance and 
resistance. Under these conditions the line 
acts something like a circuit that is not tuned 
to resonance; it is difficult to make it "take 
power" until something is done to "tune" it — 
that is, to eliminate the reactance. When this 
is done the input impedance of the line is 
purely resistive and its resistance may be 
matched to the transmitter for optimum 
power transfer. 

It should be noted that if there are standing 
waves on the. line the input impedance, even 
when the reactance is tuned out, is never equal 
to the characteristic impedance of the line. 
Depending on the length of the line, the char-
acteristics of the load, and the s.w.r., the input 
resistance may be considerably higher or con-
siderably lower than the line's characteristic 
impedance. This introduces an element of un-
certainty in coupling to the transmitter. In one 
special case, when the load is a pure resistance 
and the line is exactly one-half wavelength 
long, the input impedance of the line is a pure 
resistance equal to the load impedance. 
The reactive or resonance effects increase 

with the s.w.r., as previously pointed out. 
Generally speaking, a line is satisfactorily 
flat if the s.w.r. does not exceed about 1.5 to 
1, but if the s.w.r. is much larger it becomes 
necessary to tune out the input reactance. 

Ralation 

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 dis-
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 flot 
in opposite directions. This was shown in Figs. 
10-5C and 10-7C. This 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 
currents is far more serious. 
There is no factual basis for the common be-

lief that the presence of standing waves on a 
transmission line always means that the line is 
radiating a great deal of r.f. energy. Tuned lines 
are perhaps more subject to the stray coupling 
effects described later in this chapter, simply 
because they are frequently cut to resonant 
lengths while any random length can be used 
for a fiat line. It is the stray coupling that gives 
rise to excessive line radiation, not the presence 
of the normal type of standing wave on the 
transmission line. 
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Fig. 10-11 — Measurement of standing-wave ratio. In 
this drawing, 1m.. is 1.5 and L... is 0.5, so the s.w.r. 
=. -= 1.5/0.5 = 3. 
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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 

No. Or14 

2" to 6' 

Fig. 10-12 — Typical construction of open-wire line. 
The line conductor fits in a groove in the end of the 
spacer, and is held in place by a tie-mire anchored in a 
hole near the groove. 

said about the operation of parallel-conductor 
lines applies. There are, however, practical 
differences in their construction and use. 

Types of Construction 

There are several constructional variations 
in both the basic types of transmission lines 
mentioned in the preceding section. Probably 
the most common type of transmission line 
used in amateur installations is a parallel-
conductor line in which two wires (ordinarily 
No. 12 or No. 14) are supported a fixed dis-
tance apart by means of insulating rods called 
"spacers." The spacings used vary from two 
to six inches, the smaller spacings being neces-
sary at frequencies of the order of 28 Mc. and 
higher so that radiation will be minimized. 
The construction is shown in Fig. 10-12. Such 
a line is said to be air-insulated. Typical 
spacers are shown in Fig. 10-13. The charac-
teristic impedance of such "open-wire" lines 
runs between about 400 and 600 ohms, de-
pending on the wire size and spacing. 

Parallel-conductor lines also are sometimes 
constructed of metal tubing of a diameter of 
X to X inch. This reduces the characteristié 
impedance of the line. Such lines are mostly 
used as quarter-wave transformers, when dif-
ferent values of impedance are to be matched. 

Two forms of "Twin-Lead" or " ribbon" 
transmission line are shown in Fig. 10-13. This 
is a parallel-conductor line with stranded con-
ductors imbedded in low-loss insulating mate-
rial (polyethylene). It has the advantages of 
light weight, compactness and neat appear-
ance, together with close and uniform spacing. 
However, losses are higher in the solid dielec-
tric than in air, and dirt or moisture on the 
line tends to change the characteristic im-
pedance. Twin-Lead line is available in char-
acteristic impedances of 75, 150 and 300 ohms. 
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. 10-13. 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 8f an air-
insulated parallel-conductor line is given by: 

- b 
Z. = 276.1og a- (10-D) 

where Z. = Characteristrc impedance 
b = Center-to-center distance between 

conductors 
a = Radius of conductor (in same units 

as b) 

Fig. 10-13 — Typical manufactured transmission lines 
and spacers. 
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Fig. 10-14— Chart showing the characteristic imped-
ance of typical spaced-conductor parallel transmission 
lines. Tubing sizes given are for outside diameters. 

It does not matter what units are used for a 
and bpo long as they are the same 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 
in Fig. 10-14 for a number of common con-
ductor sizes. 
The characteristic impedance of an air-

insulated coaxial line is given by the formula 

Z.= 138log - (10-E) 
a 

where Z. = Characteristic impedance 
b = Inside diameter of outer conductor 
a= Outside diameter of inner con-

ductor (in same units as b) 

Again it does not matter what units are used 
for b and a, so long as they are the same. 
Curves for typical conductor sizes are given in 
Fig. 10-15. 
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/VTC, where K is the dielectric constant of 
the material. In solid-dielectric parallel-
conductor lines such as Twin-Lead the charac-
teristic impedance cannot be calculated readily, 
because part of the electric field is in air as 
well as in the solid dieleetrie. 

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 dielectric materials 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; 
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 space at the 
same frequency. (Wavelength is equal to 
velocity divided by 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 
less. The physical length corresponding to an 
electrical wavelength is given by 

984 
Length in feet = — • V (10-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 or V for several common types 
of lines are given in Table 10-I. 

Example: A 75-foot length of 300-ohm Twin-
Lead is used to carry power to an antenna at a 
frequency of 7150 kc. From Table 10-I, V 180.82. 
At this frequency (7.15 Mc.) a wavelength is 

984 
Length (f 984eet) = — • V = — X 0.82 

7.15 
= 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 formula is 

246 
Length (feet) = — • V (10-G) 

where the symbols have the same meaning as 
above. 
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Fig. 10-15— Chart showing characteristic impedance 
obtained with various air-insulated concentric lines. 
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Losses in Transmission Linea 

There are three ways by which power may 
be lost in a transmission line: by radiation, by 
heating of the conductors (PR loss), and by 
heating of the dielectric, if any. Loss by radia-
tion will occur if the line is unbalanced and, 
particularly with open-wire lines, may greatly 
exceed the heat losses. It can be reduced to a 
minimum by properly terminating the line in a 
balanced load and by symmetrical, uniform 
construction. 

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 hiput. 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. In solid-
dielectric lines most of the loss is in the dielec-
tric, the conductor losses being small. 

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 
Table 10-I. In these figures the radiation loss is 
assumed to be negligible. 
When there are standing waves on the line 

TABLE 10-I 

Transmission-Line Velocity Factors and Attenuation 

Type of Line 

Velocity 
Factor 
V 

** Attenuation, 
db ./100 ft.; Mc. 

Copees-

tance per foot 
Pl'fd• 3.5 7 14 28 60 144 

Open-wire, 400 to 
600 ohms 

0.975. 0.03 0.05 0.07 0.1 0.13 0.25 

Parallel-tubing 0.95. ... 

Coaxial, air-insulated 0.85* 0.2 0.28 0.42 0.55 0.7 1.4 

RG-8/U (53 ohms) 0.66 0.28 0.42 0.84 1.0 1.4 2.6 29.5 

RG-58/U (53 ohms) 066 0.53 0.8 1.2 1.9 2.7 5.1 28.5 

RG-11/U (75 ohms) 0.66 0.27 0.41 0.61 0.92 1.3 2.4 20.5 

Twin-Lead, 300 ohms 0.82 0.18 0.3 0.5 0.84 1.3 2.8 5.8 

Twin-Lead, 150 oluns 0.77 0.2 0.35 0.6 1.0 1.6 3.5 10 

Twin-Lead, 75 ohms 0.68 0.37 0.64 1.1 1.9 3.0 6.8 19 

TrLansmitting Twin- 
ead, 75 ohms 0.71 0.29 0.49 0.82 1.4 2.1 4.8 

Rubber-insulated 0.56 
twisted-pair or to 0.96 1.6 2.5 4.2 6.2 13 
coaxial •"• 0.65 
• Average figures for air-insulated lines taking into account effect of insulat-

inereis. terminated ha t t. impedance. erisse .  ... ic,eneeilesbetnnpeni-nwfre line and air-insulatedcoaxial cable. Actual loss 
with both open-wire and parallel-tubing lines is higher than listed because of 
radiation, especially at higher frequencies. 

•••• Approximate figures for good-quality rubber insulation. 

the power loss increases as shown in Fig. 10-16. 
Whether or not the increase in loss is serious 
depends on what the original loss in watts 
would have been if the line were perfectly 
matched. If the line loss with perfect matching 
is very low, a large standing-wave ratio will 
not greatly affect the efficiency of the line - 
that is, the ratio of the power delivered to the 
load to the power put into the line. 

Example: A 150-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 Table 10-I would 
be 1.5 X 0.41 = 0.615 db. Under these condi-
tions the power delivered to the load would be 
86.8% of the power input to the line. If the 
power input is 100 watts, the line loss is 100 - 
86.8 = 13.2 watts. From Fig. 10-16, the loss is 
increased by a factor of 2.6 when the s.ye.r. is 
5 to 1, so the loss at this s.w.r. is 2.6 X 13.2 --
34.3 watts. Under these conditions the power de-
livered to the load is 100 - 34.3 = 65.7 watts. 
Therefore, 65.7/86.8 = 0.757, or approximately 
76% as much power is delivered to the load with 
an s.w.r. of 5 as compared with perfect matching. 
The standing waves therefore cause the output 
power to be reduced by 1.2 db. (See discussion of 
the decibel in Chapter Twenty-Four.) With an 
open-wire line the loss caused by such an s.w.r. 
would be negligible, provided the line is well bal-
anced to prevent radiation. 

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. 10-16, the increase in 
line loss is not too serious so long as the s.w.r. 
is below 2 to 1, but increases rapidly when the 

s.w.r. rises above 2.5 or 3 to 1. Tuned 
transmission lines such as are used 
with multiband antennas always 
should be air-insulated, in the inter-
ests of highest efficiency. 

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 cur-
rent 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 re-
quires, 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 antenna appears to be 
symmetrical, physically, it can be un-
balanced electrically if the part con-
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Fig. 10-16 — Effect of standing-wave rato on ine osa. 
The power-loss ratio given by the curve, multiplied by 
the power that would be lost in the same Inc if perfectly 
matched, gives the actual power lost in the line when 
standing waves are present. 

nected 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 sizeable 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 
shunt capacitance introduced by close proxim-
ity to metallic objects can drain off enough 
curtent (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. 

Coupling the Transmitter to the Line 

In very general terms, the problem of cou-
pling the transmission line and transmitter 
together is one of transforming the input im-
pedance of the line into a value of impedance 
that will " load" the transmitter properly — 
that is, cause it to deliver the desired power 
output at as high efficiency as the transmitter 
design will permit. This is a question of imped-
ance matching, and the impedance that 
must be matched is the value of resistance into 
which the tubes in the final stage of the trans-
mitter should work. The value of this resist-
ance is determined by the choice of tube 
operating conditions. The tubes are working 
into the proper resistance when the final tank 
circuit is tuned to resonance and the loading is 
such that the tubes are drawing rated plate 
current, as described in Chapter Six. The 
proper value of load resistance is thus 
reached automatically when the cou-
pling is adjusted to bring the plate cur-
rent up to the normal operating value. It 
is therefore not at all necessary to know 
what value of resistance is required. It 
is sufficient to note that, in general, it is 
in the neighborhood of a few thousand e 
ohms, and is higher the higher the plate-
voltage/plate-current ratio of the final 
stage. 
The input impedance of the line can 

assume a wide range of values. As de-
scribed earlier, it may be very much 
higher or very much lower than the 
impedance of the load at the end of the 
line, unless the line is matched to the 
load. Furthermore, it may or may not 
be a pure resistance, depending on the 
s.w.r., the line length, and the charac-
teristics of the load. 

A 

Transforming Impedances 

It was explained in Chapter Two that a re-
sistive load tapped across part of a tuned cir-
cuit is equivalent to a higher value of resistance 
connected in parallel with the whole circuit. 
In other words, there is a transformer action 
in such an arrangement that enables us to 
change the value of a given resistance, such as 
R in Fig. 10-17A, into a new and higher value 
when the source of power looks into the termi-
nal's AB. Given reasonable values for L and C, 
the resistance looking into AB is determined 
practically wholly by the value of R and the 
position of the tap, so long as LC is tuned to 
resonance with the applied frequency. This is 
because the resonant impedance of LC alone 
(with R disconnected) is usually very high 

(A) 

(c) 

(B) 

(D) 
Fig. 10-17 — Using a resonant circuit for matching impedances. 
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compared with the resistance, R, of any prac-
tical load likely to be used, and also compared 
with any resistance that might be required 
between the terminals AB. 

Fig. 10-17B shows a circuit that also pro-
vides a method for impedance transformation, 
using a capacitance voltage divider instead of 
tapping on the inductance. In this case, de-
creasing the capacitance of Cb (while inereas-

(A) 

(B) 

Fig. 10-18— Series and parallel equivalents of a line 
whose input impedance has both reactive and resistive 
components. 

ing the capacitance of C. correspondingly to 
maintain resonance) has the same effect as 
moving the tap toward the top of the coil in 
Fig. 10-17A. This type of circuit gives very 
smooth control. However, variable condensers 
of impracticable size would be necessary, to 
give as wide a range of impedance transforma-
tion as the circuit at A. 
When an r.f. amplifier is coupled to a trans-

mission line the line impedance very seldom is 
larger than the load impedance required by the 
amplifier. However, should such a case arise 
the same circuits can be used by reversing the 
terminals. This is shown at C and D in Fig. 
10-17. With R connected across the whole cir-
cuit, its resistance can be transformed 
to a lower value when the input ter-
minals are tapped across part of the 
coil, as at A, or across Cb in Fig. 10-17B. 
The nearer the tap is to the bottom end 
of the coil, or the larger the capacitance 
of Ci, compared with C., the smaller the 
resistance between terminals AB. 

Complex Loads 

In the foregoing it was assumed that 
the load, R, was a pure resistance. 
However, the input impedance of a line 
is more likely than not to have a reactive as 
well as a resistive component. This means, 
basically, that the current flowing into the line 
is not in phase with the voltage applied to the 
line. To represent such a condition by circuit 
symbols we can assume the input impedance of 
the line to consist either of a reactance (coil or 
condenser) in series with a resistance, or a 

A 

8 

(A) (B) 

Fig. 10-19— Circuit equivalent of a reactive line connected to 
a resonant circuit for impedance matching. 

reactance in parallel with a resistance. It does. 
not matter which we choose, so long as the 
values assigned to the resistance and reactance 
are such that if the voltage were applied to the 
circuit instead of to the line, the current that 
flows would have exactly the same amplitude 
and phase angle as it actually does at the input 
terminals of the line. 
These equivalent circuits are shown in Fig. 

10-18. In practical work with lines it is not 
necessary to know the values of R, L or C. It is 
sufficient to know that they symbolize a condi-
tion that exists at the input end of the line — 
and then to know what to do about them. A 
few general points are worth noting: Given a 
fixed value of voltage, if the current at the 
input end of the line is high, then the imped-
ance is relatively low; if the current is low, the 
impedance is relatively high. If the current is 
very nearly in phase with the voltage the react-
ance in the series equivalent -circuit is small, 
but the reactance in the parallel equivalent 
circuit is large. On the other hand, if there is a 
considerable phase difference between current 
and voltage the reactance is large in the equiv-
alent series circuit and is low in the equivalent 
parallel circuit. (In visualizing these reactances 
as coils and condensers it must be remem-
bered that " large" and " small" are relative 
terms; for example, a " large" inductance at 
28 Mc. would be a "small" inductance at 3.5 
Mc. Also, the larger the capacitance of a con-
denser the smaller its reactance.) 
Now suppose that a reactive line is to be 

connected to our impedance-transforming res-
onant circuit. Let us choose the parallel equiv-
alent circuit, since it is somewhat easier to 
picture what happens. Fig. 10-19A shows a 
load with inductive reactance tapped across 
part of the resonant circuit (corresponding to 
Fig. 10-17A), and a load with capacitive react-
ance is shown in Fig. 10-19B. Imagine for the 
moment that the load has only reactance; the 
resistive component, R, is disconnected. Then, 
just as in the pure-resistance case previously 

discussed, a small reactance tapped across the 
coil L will appear as a larger reactance across 
the whole circuit, or between the input termi-
nals AB. Thus, connecting a coil, LI, across 
part of L is equivalent to connecting a larger 
coil across the whole circuit. Connecting a 
condenser, C1, across part of L is equivalent to 
connecting a smaller condenser (larger react-
ance) across the whole circuit. 
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(A) 

(B) 

Fig. 10-20 — Methods for canceling the reactive component of the 
input impedance of a transmission line. In A the line input inr-
pedance is represented by L and R in series, or by L' and R' in 
parallel, and in B by C and R in series, or by C' and R' in 
parallel. 

In either case this equivalent shunting react-
ance detunes the LC circuit from resonance, 
and C must be readjusted to bring it back. In 
the case of Fig. 10-19A, the capacitance of C 
must be increased because the " reflected" 
reactance in parallel with L decreases the total 
inductance (inductances in parallel) and so 
tunes the circuit to a higher frequency. The 
opposite is the case in Fig. 10-19B; the shunt-
ing reactance is capacitive and increases the 
total capacitance. Consequently the capaci-
tance of C must be decreased to bring the cir-
cuit back to resonance. 
The over-all effect, then, of coupling a react-

ive load to the circuit is to cause detuning as 
well as to cause the desired resistance loading. 
If the reflected reactance is large, correspond-
ing to connecting a very large coil or a very 
small condenser across the whole LC circuit, 
it is readily possible to retune the circuit to 
resonance by adjusting C. The nearer the tap 
to the top end of L, the greater the change 
required in the tuning. But this simple method 
of compensating for the reactive component of 
the load is not always sufficient. In some cases 
the tap has to be moved so far up the coil, in 
order to obtain the tight value of resistance 
loading, that the tuning condenser, C, no 
longer has sufficient range to compensate for 
the reflected reactance. When such a condi-
tion exists it is difficult, and sometimes im-
possible, to couple the desired amount of 
power to the transmission line. 

Canceling Line Reactance 

The remedy for this condition is to make the 
input end of the line look like a pure resistance 
before it is tapped on the impedance-transform-
ing circuit. This can be done by " tuning out" 
the reactance of the line, by inserting a react-
ance of the same value but of the opposite 
kind. Again we have our choice between con-
sidering the line to be represented by react-
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ance and resistance in series, or by 
reactance and resistance in parallel. 
The circuits are shown in Fig. 10-20. 

R' In A, a condenser, C1, is used to cancel 
out the inductive reactance of the line, 
and in B an inductance, LI, is used to 
cancel capacitive reactance. The same 
value of capacitance cannot be used 
for C1 and C1' under a given set of 
conditions because, as explained ear-
lier, L and L' do not have the same 
values. For example, if L is small its 
parallel equivalent, L', is large, so a 

R large capacitance would be required 
at C1 and a small capacitance at C1'. 
Because of limitations in practicable 
components (particularly in the ca-
pacitance range of variable con-
densers), there are conditions where 
the series circuit is the easiest to set 
up, from a practical standpoint. In 
others, the parallel circuit is easier 

to get working. For the large majority of cases 
either circuit will work equally well; from the 
standpoint of convenience, the parallel circuit 
is probably better. 
To summarize, then, we have three general 

cases as shown in Fig. 10-21. If the line is 
purely resistive, or so nearly so that such react-
ance as is reflected across the LC circuit can be 
tuned out by readjusting C, the circuit at A 
may be used. Where the line shows more pro-
nounced reactive effects, the line reactance 
can be tuned out, as indicated at B and C, so 
that the load tapped on L is purely resistive. 
It is easy to tell which should be used, induct-
ance or capacitance, to compensate for the 
line reactance. If the line only (Fig. 10-21A) 

(A) 

.(B) 

(c) 

Fig. 10-21 — Methods of canceling line input reactance 
combined with impedance transformation. 
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is tapped across a very small portion of L, C 
will have to be readjusted slightly to bring 
the LC circuit back to resonance. If the capaci-
tance of C has to be increased, a condenser, 
C1, should be connected across the input termi-
nals of the line. If the capacitance of C has to 
be decreased, an inductance, LI, should be 
connected across the line. In either case the 
compensating reactance, C1 or L1, should be 
adjusted in value until the setting of C, for 
resonance with the applied frequency, is the 
same whether or not the line is tapped on L. 
When this condition is reached the loading 
may be adjusted by changing the tap position 
until the amplifier takes the desired plate 
current. 

• PRACTICAL COUPLING SYSTEMS 
In practical work the two primary functions 

that a coupling system must perform — tuning 
out the line reactance, if any, and providing a 
method for control of loading on the trans-
mitter — are not always enough. For one 
thing, it is desirable that the coupling system 
be such that the transmission line will operate 
only in the way it is intended that it should. 
For another, the coupling system should pre-
vent transfer of any of the harmonic energy 
that always is present in the output of a trans-
mitting amplifier. Both these points will be 
considered later in this section. For the mo-
ment, let us take a look at some of the simpler 
coupling systems. 

Sinyk-ended 
tank 

amsh21 
ir re 

(A) 
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resistance. This will be so if the antenna itself 
is resonant, but will not be true if the antenna 
length is not correct for the operating fre-
quency. The circuits are shown in Fig. 10-22. 
If the final amplifier is series-fed so that the 
tank circuit is " hot" with the plate voltage, 
it is necessary to connect a blocking condenser 
between the tank and the line. Thesè circuits, 
although simple, are not recommended except 
perhaps in emergencies; there is little or no 
discrimination against harmonic frequencies. 

Adjustment of this type of coupling is 
simple. First, resonate the amplifier tank cir-
cuit, with the line disconnected, by setting the 
tank condenser, C, to the minimum plate cur-
rent point. Then tap the line across a turn or 
two of the tank coil, and readjust C for mini-
mum plate current. The new minimum will be 
.higher than with no load on the tank. Con-
tinue increasing the number of turns between 
the line taps, readjusting C each time, until 
the minimum plate current is the desired full-
load value. 

R. F. Ammeters 

The r.f. ammeters shown in Fig. 10-22 and 
subsequent coupling circuits are useful acces-
sories. The input impedance of the line is un-
affected by any adjustments made in the cou-
pling system (except for the effects of stray 
capacitance, as discussed later) so the greater 
the current flowing into the line the larger the 
amount of power delivered to the load. Meas-
urement of r.f. current thus gives a check on 

the adjustment procedure 
and indicates when the larg-
est power output is being ob-

 .. tamed. Obviously, an adjust-
ment that increases the in-
put to the final stage of the 
transmitter without causing 
the line current to increase 
has simply increased the 
losses without increasing the 
output. 

In the case 
conductor lines 
ters are shown, one in each 
conductor. This gives a 
check on line balance, since 
the two currents should be 
the same. It is not actually 
necessary to use two instru-
ments; one _ammeter can be 

switched from one side of the line to the other 
for comparative measurements. Also, it is to be 
understood that any current-indicating device 
(such as a flashlight lamp) that will work at r.f. 
may be used as a substitute for an actual 
ammeter. 
The scale range required depends on the 

input impedance of the line and the power. 
The current to be expected can readily be cal-
culated from Ohm's Law when the line is flat. 
In other cases the s.w.r. and the length of the 
line must be considered. The maximum current 

Parallel-
cond. line 

Fig. 10-22 — Simple methods of coupling to a transmission line. The blocking 
condensers, Ci, should be 0.001-afd. (or larger) mica condensers having a 
voltage rating in excess of the maximum d.c. voltage applied to the final 
amplifier (including the voltage applied on modulation up-peaks). The 
coaxial line can be coupled to a balanced tank circuit by connecting the 
grounded shield to the center of the coil (through a blocking condenser) and 
tapping the inner conductor on one side of the center. The parallel-conductor 
line requires a balanced tank circuit. 

The possibility of tapping the input end of 
the transmission line directly on the final-
amplifier tank suggests itself from the discus-
sion earlier. This method will work when the 
input impedance of the line is purely resistive, 
or nearly so. It can therefore be used with 
nonresonant or untuned lines, or with a reso-
nant line when the line has the right length. 
As explained earlier, the input impedance of 
the line will be resistive when its length is a 
multiple of a quarter wavelength, provided 
the load at the output end of the line is a pure 

of parallel-
two Warne-
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will occur when there is a current loop at the 
input end of the line, and if the load imped-
ance and line impedance are known the input 
impedance at a current loop can be calculated 
from the formulas given earlier. 
The ammeters are less useful when the input 

impedance of the line is high, because in that 
case the input current is quite small. It is to be 
noted that the value of current does not indi-
cate, in any absolute sense, how well the sys-
tem as a whole is working unless the actual 
value of the resistance component of the line 
input impedance is known. Current measure-
ments taken on different lines, or on the same 
line if its length in wavelengths is changed, are 
not directly comparable. 

Inductive Coupling 

The circuits shown in Fig. 10-23, like those 
in Fig. 10-22, are useful only with lines having 
purely-resistive input impedance. The pick-up 
coil, which is inductively-coupled to the tank 
coil, is in fact simply a substitute for the tapped 
portion of the tank coil in Fig. 10-22. The 
number of turns required in the pick-up coil 
depends upon the resistance represented by the 
input end a the line. For flat lines, the num-
ber is governed by the characteristic impedance 
of the line. For 50- or 70-ohm lines it may 
range from one or two turns, at frequencies of 
the order of 14 to 28 Mc., to several turns at 
3.5 Mc. For higher-impedance lines it may take 
half as many turns as there are in the tank coil, 
to get adequate coupling. In both cases the 
coupling between the coils will have to be 
very tight. The link windings provided on 
commercial coils are not usually adequate for 
this type of coupling except for low-impedance 
lines at the higher frequencies. When the 
number of turns on the pick-up coil is fixed, 
the loading on the final amplifier can be varied 
by varying the coupling between the two coils. 
Inductive coupling of this type is somewhat 
better than direct coupling from the stand-
point of harmonic transfer. 

Pick-up coil coupling introduces some re-
actance into the tank circuit, because of the 
leakage reactance of the coupling coil. This 
must be compensated for by retuning the final 
tank circuit when the desired degree of cou-
pling is reached. If very much retuning is re-
quired, or if the amplifier loads with loose 
coupling between the two coils, it is an excel-
lent indication that the lineis not actually flat. 
When a " swinging-link" assembly is used 

to obtain this type of coupling, the loading on 
the final amplifier can be adjusted to the de-
sired value by varying the coupling between 
the two coils. The tank condenser, C, should be 
readjusted to minimum plate current each 
time the coupling is changed. If the desired 
loading cannot be obtained there is no alter-
native but to use a different coupling system. 
The pick-up coil may be wound directly 

over the final tank coil, in which case the cor-
rect number of turns may be determined by 
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(B) 

Fig. 10-23 — Using an untuned pick-up coil to couple 
to a transmission line. The method of adjustment is 
discussed in the text. 

trial. The insulation between the coils must be 
adequate for the plate voltage used, if the 
amplifier is series-fed. 

Series and Parallel Tuning 

The circuits shown in Fig. 10-24 are useful 
with parallel-conductor lines operating at a 
relatively-high standing-wave ratio, partic-
ularly when the line length is such as to make 
the input impedance substantially a pure re-
sistance. Assuming that the antenna is res-
onant, the optimum line lengths will be mul-
tiples of a quarter wavelength at the operating 
frequency. When the s.w.r. is high, the im-
pedance at such points is considerably higher 
or considerably lower than the characteristic 
impedance of the line. 

In these circuits the secondary, consisting 
of LI, C1 (and C2, in the series circuit) and the 
input impedance of the line, is tuned to the 
operating frequency. As explained in Chapter 
Two, the degree of coupling between two reso-
nant circuits is determined by their Qs, and it is 
necessary to keep the Qs fairly high (of the 
order of 10 or so). Assuming that the input 
impedance of the line is purely resistive, it can 
be inserted in series with the circuit (as in A) 
if its value is below about 100 Calms. The Q of 
the secondary circuit then can be brought to 
the proper value by making the reactance of 
L1 of the order of 500 to 1000 ohms and setting 
the total capacitance of C1 and C2 to tune the 
circuit to resonance. With this type of tuning 
the current flowing into the line is rather large; 
in other words, the system is suitable for 
coupling into the line at a current loop. 
On the other hand, if the line impedance is 

of the order of a few thousand ohms or more — 
which it will be at a voltage loop when the 
s.w.r. is high — the secondary circuit cannot 
be made to take power from the transmitter 
if the line resistance is inserted in series. The 
Q of the secondary circuit would be far too low 
to give adequate coupling. In such a case the 
parallel-tuned circuit at B may be used. As ex-
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mitter. To take care of cases where the input 
impedance of the line has a considerable re-
active component, provision is made for 
switching in either a shunt capacitance or 
inductance, both of which are variable (see 
earlier discussion). The coupling should be 
variable at least at one end of the link circuit. 

o 
o 
4-

Fig. 10-26 — "Universal" antenna-coupling system. This circuit can be 
used with both resonant and nonresonant parallel-conductor lines. 

In general, it is advisable to make the in-
ductance of L1 about the same as that of L, 
and to use for C1 a condenser of the same ca-
pacitance as that used for C. The voltage rating 
for C1 also should be the same as that of C. 
In other words, CI may be a duplicate of LC 
for the operating frequency in use. The link 
coils can consist of two or three turns at each 
end. Provision should be made for tapping 
at frequent intervals — every turn, if possible. 
C2 should have as large a maximum capaci-
tance as is convenient — 250 to 500 »dd. — 
but its voltage rating need not be high in the 
average case. For most installations where the 
power output does not exceed a few hundred 
watts a plate spacing of the order of 0.025 to 
0.05 inch is sufficient. The inductance L2 can 
consist of 20 or 25 turns approximately 2 
inches in diameter and spaced 8 to 10 turns to 
the inch. The coil should be tapped every few 
turns. 
The tuning procedure is as follows: First, 

disconnect the feeder taps on L1 and use the 
loosest possible coupling, through the variable 
link coupling, to the final tank circuit. Tune 
CI until the plate current rises to a peak, in-
dicating that LiCI is resonated, and note the 
setting of C1. Cut C2 and L2 out of the circuit 
and then connect the line taps across a turn or 
two at the center of LI. Readjust CI to res-
onance, as indicated by a rise in plate current. 
It should be necessary to use closer coupling 
to get an observable change in plate current 
with the line connected. Note the new setting 
of C1. If the capacitance is lower, switch in L2 
and find the tap that permits returning C1 as 
nearly as possible to its original setting; if the 
capacitance is higher, switch in C2 and adjust 
it to bring C1 back to the original setting. Then 
increase the coupling, keeping Ci at resonance 
as indicated by maximum plate current, and 
keeping C at resonance as indicated by mini-
mum plate current. Continue until the mini-
mum plate current reaches the desired load 
value. If C1 flashes over as the coupling is in-
creased, or if tuning CI back and forth a small 
amount either side of resonance makes it 

necessary to change the setting of C ap-
preciably to maintain the final tank in res-
onance, the taps on L1 are too close together. 
Move each tap one turn toward the ends of 
LI, and again try increasing the coupling for 
rated load on the amplifier. When the proper 
loading is obtained, the tuning of MCI will be 

reasonably. sharp, and changing 
the coupling will not necessitate 
more than ' touching up" C to 
maintain resonance. If the taps on 

are too far apart the antenna 
tank circuit, MCI, will be loaded 
heavily and its tuning will be 
broad. Under these conditions it 
may also be impossible to load the 
amplifier to rated plate current, 
even with the tightest available 
coupling. On the other hand, if 

the taps on L1 are too close together the an-
tenna tank will be too lightly loaded; its tuning 
will be critical and will affect the tuning of the 
plate tank circuit to a marked degree, and L1 
may overheat when the coupling is adjusted 
to make the amplifier take normal input. 
When the reactive effects at the input end 

of the line are small, neither C2 nor L2 will be 
required. When this is the case, the setting of 

for resonance will not change much when 
the line is tapped on LI. The greater the num-
ber of turns between the taps, the greater the 
detuning of the antenna tank by a given 
amount of reactance in the transmission-line 
input impedance. 

This coupling system is equally effective 
with flat lines or those operating at a high 
s.w.r. If the line is actually flat, C2 and L2 
will not be needed and the resonance setting 
of C1 will not be affected by connecting the 
line. Regardless of the s.w.r., the positions of 
the line taps will depend on the resistive com-
ponent of the line input impedance. If the 
resistance is low, the taps will be close together; 
if it is very high, the taps may have to be set 
right at the ends of LI. 

Coupling to Coaxial Lines 

The principles of coupling to coaxial lines 
are Fist the same as for coupling to parallel-
conductor lines. However, this type of line is 
unbalanced to ground, has inherently low im-
pedance, and always should be operated with a 
low standing-wave ratio. The input impedance 
of a properly-operated coaxial transmission 
line therefore will be principally resistive, and 
of a value varying between perhaps 30 to 100 
ohms, depending on the type of line and the 
s.w.r. 

It is possible to couple such a line by means 
of a small coil inductively coupled to the final 
tank coil, as shown in Fig. 10-23A. The small 
amount of reactance introduced by the pick-up 
coil — and by the line, if the s.w.r. is slightly 
greater than 1 — can readily be tuned out by 
adjustment of the final tank condenser. How-
ever, additional selectivity is desirable for the 
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Two condensers are used in the series-
tuned circuit in order to keep the line bal-
anced 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 will slightly unbalance 
the circuit, since the frame has more 
capacitance to ground than the stator, but 
the unbalance is not serious unless the con-
denser is mounted near a large mass of 
metal, such as a chassis. 

Adjustment of Parallel Tuning 

Coupling and tuning adjustments with 
parallel tuning are carried out in much the 
same way as with series tuning. There is 
only one condenser to adjust, of course. 
Start with very loose coupling between L 
and LI, resonate the secondary circuit by 
adjusting C1 to make the final-amplifier 
plate current rise, then readjust C for mini-
mum plate current. Increase the coupling in 
small steps, reresonating C1 and C each time, 
until the desired loading is obtained. 

Just as in the case of series tuning, it should 
be possible to tune through resonance with 
If the resonant point is at either maximum or 
minimum capacitance on C1, change the num-
ber of turns on L1 to bring the resonant point 
well on the condenser scale. In general, L1 
and C1 will have about the same values as L 
and C, respectively, when the input impedance 
of the line is purely resistive. If the line shows 
reactance, the reactance can be tuned out, 
within limits, by adjustment of C1 and, if 
necessary, by changing the number of turns on 
Li to achieve a combination that will permit 
the secondary circuit to resonate at the oper-
ating frequency. 

If the input resistance of the line is very 
high, the secondary circuit will tune quite 
sharply. .0n the other hand, if the input re-
sistance is relatively low the tuning will be 
broad and the resonance point will not be well 
marked. In such a case the number of turns in 
L1 should be reduced and the capacitance of 
C1 increased, to increase the Q of the circuit. 
This will permit power transfer with relatively 
loose coupling between L and LI. Should it 
not be possible to load the transmitter prop-
erly with any combination of L1 and C1, the 
input resistance of the line is too low for par-
allel tuning. 

In the parallel-tuned circuit C1 is shown as a 
balanced or split-stator condenser. This type 
of condenser is used so that the system will 
be balanced to ground for stray capacitances. 
This is particularly desirable in the case of 
parallel tuning, because the voltage at the 
input end of the line is high, causing a rela-
tively large current to flow through a small 
stray capacitance. An alternative scheme to 
maintain balance is to use two single-ended 
condensers in parallel, but with the frame of 
one connected to one side of the line and the 

SERIES 

PARALLEL 

Fig. 10-25 — Link-coupled series and parallel tuning. 

Li /e 

Line 

frame of the other connected to the other side 
of the line. The same two condensers may be 
switched in series, as in Fig. 10-24A, when 
series tuning is to be used. 

Link Coupling 

The circuits shown in Fig. 10-24 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 Chapter Two, a short 
length of link line is equivalent to providing 
mutual inductance between two tuned circuits. 
Typical arrangements for series and parallel 
tuning are shown in Fig. 10-25. Although these 
drawings show variable coupling at both ends 
of the link circuit, a fixed link can be used at 
either end so long as a variable link is used at 
the other. 

There is no essential difference between the 
tuning procedures with these circuits and 
those of Fig. 10-24. The only change is that the 
coupling is adjusted by means of a link instead 
of by varying the spacing between L and Li. 

"Universal" Antenna Couplers 

An antenna-coupling system that is adapta-
ble to a wide range of line inputimpedances 
can be constructed on the basis of the coupling 
principles described earlier. Combined with 
link coupling to the final tank circuit and pro-
vision for tuning out the input reactance of the 
line, such a system is suitable for working into 
either resonant or nonresonant lines, and in-
troduces additional selectivity into the cou-
pling system that helps discriminate against 
harmonics. 
• The circuit diagram is given in Fig. 10-20. 
The final tank is coupled to a second tuned cir-
cuit, MCI, through a link. Taps are provided 
on L1 so that the resistive component of the 
line impedance can be matched to the trans.. 
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znitter. To take care of cases where the input 
impedance of the line has a considerable re-
active component, provision is made for 
switching in either a shunt capacitance or 
inductance, both of which are variable (see 
earlier discussion). The coupling should be 
variable at least at one end of the link circuit. 

Fig. 10.26— 10.26 — -LniNen.al" antenna-coupling ,,) ,,tern. This circuit can be 
used with both resonant and nonresonant parallel-conductor lines. 

In general, it is advisable to make the in-
ductance of L1 about the same as that of L, 
and to use for C1 a condenser of the same ca-
pacitance as that used for C. The voltage rating 
for C1 also should be the same as that of C. 
In other words, LIC1 may be a duplicate of LC 
for the operating frequency in use. The link 
coils can consist of two or three turns at each 
end. Provision should be made for tapping L1 
at frequent intervals — every turn, if possible. 
C2 should have as large a maximum capaci-
tance as is convenient — 250 to 500 i.tpfd. — 
but its voltage rating need not be high in the 
average case. For most installations where the 
power output does not exceed a few hundred 
watts a plate spacing of the order of 0.025 to 
0.05 inch is sufficient. The inductance L2 can 
consist of 20 or 25 turns approximately 2 
inches in diameter and spaced 8 to 10 turns to 
the inch. The coil should be tapped every few 
turns. 
The tuning procedure is as follows: First, 

disconnect the feeder taps on L1 and use the 
loosest possible coupling, through the variable 
link coupling, to the final tank circuit. Tune 
CI until the plate current rises to a peak, in-
dicating that Lei is resonated, and note the 
setting of C1. Cut C2 and L2 out of the circuit 
and then connect the line taps across a turn or 
two at the center of LI. Readjust CI to res-
onance, as indicated by a rise in plate current. 
It should be necessary to use closer coupling 
to get an observable change in plate current 
with the line connected. Note the new setting 
of C1. If the capacitance is lower, switch in L2 
and find the tap that permits returning Ci as 
nearly as possible to its original setting; if the 
capacitance is higher, switch in C2 and adjust 
it to bring C1 back to the original setting. Then 
increase the coupling, keeping C1 at resonance 
as indicated by maximum plate current, and 
keeping C at resonance as indicated by mini-
mum plate current. Continue until the mini-
mum plate current reaches the desired load 
value. If C1 flashes over as the coupling is in-
creased, or if tuning C1 back and forth a small 
amount either side of resonance makes it 

necessary to change the setting of C ap-
preciably to maintain the final tank in res-
onance, the taps on L1 are too close together. 
Move each tap one turn toward the ends of 
LI, and again try increasing the coupling for 
rated load on the amplifier. When the proper 
loading is obtained, the tuning of //ICI will be 

reasonably, sharp, and changing 
the coupling will not necessitate 
more than ' touching up" C to 
maintain resonance. If the taps on 
L1 are too far apart the antenna 
tank circuit, Lie', will be loaded 
heavily and its tuning will be 
broad. Under these conditions it 
may also be impossible to load the 
amplifier to rated plate current, 
even with the tightest available 
coupling. On the other hand, if 

the taps on L1 are too close together the an-
tenna tank will be too lightly loaded; its tuning 
will be critical and will affect the tuning of the 
plate tank circuit to a marked degree, and L1 
may overheat when the coupling is adjusted 
to make the amplifier take normal input. 
When the reactive' effects at the input end 

of the line are small, neither C2 nor L2 will be 
required. When this is the case, the setting of 
C1 for resonance will not change much when 
the line is tapped on LI. The greater the num-
ber of turns between the taps, the greater the 
detuning of the antenna tank by a given 
amount of reactance in the transmission-line 
input impedance. 

This coupling system is equally effective 
with flat lines or those operating at a high 
s.w.r. If the line is actually flat, C2 and L2 
will not be needed and the resonance setting 
of C1 will not be affected by connecting the 
line. Regardless of the s.w.r., the positions of 
the line taps will depend on the resistive com-
ponent of the line input impedance. If the 
resistance is low, the taps will be close together; 
if it is very high, the taps may have to be set 
right at the ends of Lt. 

Coupling to Coaxial Lines 

The principles of coupling to coaxial lines 
are Fist the same as for coupling to parallel-
conductor lines. However, this type of line is 
unbalanced to ground, has inherently low im-
pedance, and always should be operated with a 
low standing-wave ratio. The input impedance 
of a properly-operated coaxial transmission 
line therefore will be principally resistive, and 
of a value varying between perhaps 30 to 100 
ohms, depending on the type of line and the 
s.w.r. 

It is possible to couple such a line by means 
of a small coil inductively coupled to the final 
tank coil, as shown in Fig. 10-23A. The small 
amount of reactance introduced by the pick-up 
coil — and by the line, if the s.w.r. is slightly 
greater than 1 — can readily be tuned out by 
adjustment of the final tank condenser. How-
ever, additional selectivity is desirable for the 
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purpose of reducing harmonic transfer from 
the final tank. Circuits are shown in Fig. 
10-27. Except that it is adapted for single-
ended rather than balanced operation, the 
circuit at A operates in much the same way 
as the circuit in Fig. 10-26. Also, because the 
load is known to be in the region of 100 ohms 
or less, it is possible to tap it across a capaci-
tance voltage divider (see earlier discussion) 
for impedance matching. • This avoids the 
necessity for tapping LI. 
The circuit of Fig. 10-27B is similar in 

operation to that at A, but dispenses with the 
link circuit. For convenience, it uses a link 
coil on the final tank for inductive transfer of 
energy, the rest of the inductance in the an-
tenna tank circuit being made up by Lt. 

In the circuit at A, L1 may be the same as 
L; in B, L1 plus the pick-up coil should have 
about the same inductance as L. Except at 
perhaps 28 Mc., it is satisfactory, practically, 
to make L1 the same as L in this circuit also, 
since the pick-up coil will not ordinarily have 
much inductance itself. In both circuits C2 
should have about the same capacitance as 
and C1 should have approximately the value 
suggested in Fig. 10-27. 
To adjust the circuit, set C1 at maximum, 

loosen the coupling between L and the link 
or pick-up coil, and tune C2 to resonance. 
This will be indicated, as usual, by a rise in the 
amplifier plate current. Adjust C to minimum 
plate current and increase the coupling in 
small steps, reresonating C2 and C each time, 
until the amplifier plate current is normal. 
The loading on the antenna tank circuit is 
least when C1 is at maximum capacitance, and 
increases when the capacitance of C1 is de-
creased (with C2 increased correspondingly to 
maintain resonance). The symptoms of under-
and over-loading of the antenna tank are the 

(A, 

(3) 

Fig. 10-27 — Coupling to coaxial lines. These circuits are used for 
harmonic suppression when working into a nonresonant coaxial 
line. Recommended capacitance values for C: are as follows: 28 
Mc., 100 , pfd.; 14 Mc., 200 gad.; 7 Mc., 400 ggfd.; 3.5 Mc., 
800 gpfd. 
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Fig. 10-28 — The stray capacitive coupling between coils 
in the upper circuit leads to the equivalent circuit shown 
below. The effect on the performance of the antenna 
system is discussed in the text. 

same as described in connection with the 
universal antenna coupler. Adjust the loading 
by means of C1, so that at normal plate input 
the antenna tank tuning is reasonably sharp 
and the setting of C is not greatly affected 
when C2 is tuned a small amount either side of 
resonance. 

Stray Coupling 

In most of the circuits in Figs. 10-22 to 
10-27, inclusive, a single-ended tank circuit 
has been indicated for the final amplifier. The 
amplifier itself has been shown only sketchily. 
The fact is that any type of antenna coupling 
circuit can be used with any type of amplifier 
— screen grid or neutralized triode, single-
ended or push-pull. However, the -actual ar-

rangement, physically, of the circuit 
elements usually has an important 
bearing on the performance of the sys-
tem. As it happens, a coupling system 
that is poorly designed, construction-
ally speaking, usually will do what it is 
supposed to do. But, equally impor-
tant, it may do a lot of things it is not 
supposed to do. 
Most of the unwanted effects that 

occur on transmission lines can be 
traced to stray capacitances in the sys-
tem. Fig. 10-28 is an illustration. The 
upper drawing shows the ordinary 
link-coupled system as it might be 
used to couple into a parallel-conduc-
tor line. Inasmuch as a coil is a sizeable 
metallic object, it will have capaci-
tance to any other metallic objects in 
its vicinity, including other coils. Con-
sequently there is capacitance between 
the final tank coil and its associated 
link coil, and between the antenna tank 
coil and its link. These capacitances 
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are small, but not negligible. In addition, the 
transmitter, particularly with metal-chassis 
construction, has appreciable capacitance to 
ground. Even if it did not, there is always a 
path from the transmitter to ground through 
the power wiring and the many stray capaci-
tances associated with it. 
There is a fundamental difference between 

the inductive coupling between coils and the 
capacitive coupling between them. Inductive 
coupling induces a voltage in the secondary 
coil that causes a current to flow, in common 
terminology, " around" the circuit. In Fig. 
10-28, this means that the same current flows 
in both conductors of the link but, if the wires 
are parallel, the current flows in opposite direc-
tions in the two as it completes its travel 
around the loop. The same is true of the cur-
rents in the two conductors of the line. But 
with stray capacitive coupling the voltages at 
all points on the secondary coil are essentially 
in phase; for this type of coupling the second-
ary coil is just a mass of metal. Consequently, 
whatever current flows in the link (or in the 
line) flows in the same direction in both wires. 
Although both the link and line have two con-
ductors and apparently form an ordinary go-
nd-return circuit, to the currents that flow as 
a result of capacitive coupling they simply 
look like a pair of conductors in parallel — in 
effect, that is, like a single conductor. The 
equivalent circuit is shown in the lower draw-
ing in Fig. 10-28. 

This single-wire circuit is an antenna system 
in itself, working in conjunction with a ground 
lead of unknown composition and length. It 
includes the regular antenna as well as the entire 
transmission line. If the various lengths hap-

(3) 

to occur in speech equipment, and a consid-
erable amount of r.f. power may be pumped 
into receiving and other equipment connected 
to the same a.c. power outlet. (A similar type 
of coupling in the input circuits of a receiver 
leads to stray pick-up of signals that may par-
tially or completely mask the directive effects 
of the proper antenna.) On top of all this, it is 

IVo Connections 
here ) 

Fig. 10-30— The Faraday 
screen. Stiff wire or small-diam-
eter rod may be used for the 
conductors, separated by a dis-
tance about equal to the diam-
eter of the wire or rod. The 
dimensions of the screen should 
be greater than the diameters of 
the coils to be shielded from 
each other. 

Conductors 
joined here 

impossible to tell much about the operation of 
the transmission line because the parallel cur-
rent is more or less in phase with the regular 
line current in one wire and out of phase with 
it in the other. Thus the resultant currents in 
the two wires are unbalanced, and there is no 
way to separate the "parallel" and "line" cur-
rents in measurement. 

These effects can only be eliminated if the 
stray capacitances are eliminated. However, 
they can be reduced by arranging the coils so 
the amount of energy coupled from the primary 
to the secondary is small, even though the 
capacitance itself still exists. This can be done 
by using a link coil that is physically small — 
that is, has few turns — and coupling it to the 
"cold" point on the tank coil. The cold point 

will be at the end of the coil that 
is grounded for r.f., either di-
rectly or through a by-pass 

  condenser, in the case of single-
ended tanks. In balanced tank 
circuits, the cold point is at the 
center. The coupling is further 
reduced if one side of the link 
circuit is grounded to the trans-
mitter chassis as close as possible 
to the point where the tank itself 
is grounded. If the link is at the 

end of the tank coil the side farthest from the 
tank should be grounded, as indicated in Fig. 
10-29A. If the link is wound over one end of 
the tank coil, ground the side toward the hot 
end of the tank, as indicated in Fig. 10-29B. 
With a balanced tank circuit the link should be 
at the center of the coil. In this case the best 
point to ground is the center of the link coil, 
but if this is impracticable good results will be 
secured by grounding either end of the coil. 
Ground directly to the chassis and keep the 
lead as short as possible. 

This treatment of link circuits does not 
eliminate capacitive coupling. It simply makes 
it less troublesome, by making certain that the 
coupling occurs between parts of circuits that 

(c) 
Fig. 10-29 — Methods of coupling and grounding link circuits to reduce 
energy transfer through stray capacitance. 

pen to be just right, a fairly-large " parallel" 
current of this type can flow in it. This means 
that a considerable proportion of the total 
power output of the transmitter can be wasted 
in losses and radiation from a very undesirable 
sort of antenna system. Furthermore, despite 
the tuned tank circuits in the amplifier and 
antenna coupler, harmonic currents will flow 
in such an "antenna" even more readily than 
the fundamental current. 

There are other undesirable results, too. 
The fact that the power wiring becomes part 
of an "antenna" system means that the trans-
mitter itself may perforce be at a considerable 
r.f. potential above ground. The chassis be-
comes "hot" with r.f., r.f. feed-back is prone 
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are not at high r.f. voltage. How-
ever, there are cases, particularly 
with balanced tank circuits, where 
the point on the tank coil that is 
cold for the fundamental fre-
quency is hot at the even harmon-
ics. This means that even though 
the transmitter and line behave 
properly on the fundamental fre-
quency, harmonics still can be 
radiated at considerable intensity. 
The only way to be sure that these 
effects do not exist is to eliminate 
the stray capacitance entirely. 

Capacitive coupling• between 
coils can be eliminated by means 
of a Faraday screen. This is a 
shield that prevents the electric field from 
one coil from reaching the other, but which has 
no effect on the magnetic field. As shown in 
Fig. 10-30, it consists of a group of parallel 
conductors, insulated from each other, and 
connected together at one end only. This forms 
an effective shield for the electric field, but 
since the conductors are open-circuiebd the 
voltages induced in them by the magnetic 
field cannot cause any current to flow. (Such 
current flow is essential to magnetic shielding 
with nonmagnetic materials, as explained in 
Chapter Two.) 

Faraday 
,/ screens 

e_ 

Fig. 10-31 — Installation of Faraday screens to elimi-
nate capacitive coupling between coils. 

The Faraday screen should be somewhat 
larger • than the diameter of the coils with 
which it is used. It is simply mounted between 
the two coils that are to be shielded from each 
other, and then grounded to the chassis 
through a short lead, as indicated in Fig. 10-31. 
In the case of a balanced tank circuit with a 
swinging link, two shields must be used, one 

Co-a x 

To second 
Zink 

loner conductor 
soldered to Glide shield 

Fig. 10-32 — A shielded link coil constructed from coaxial cable. The 
smaller sizes of cable such as RG-59/U are most convenient, except 
when the coils have a diameter of 3 inches or more. For larger coil, 
RG-8/U or RG-11/U can be used. 

on each side of the link coil. In the case of 
fixed links wound over the tank coil, 'a satis-
factory screen can be made by using .several 
turns of the same type of coil, cutting them 
parallel to the axis to open-circuit the con-
ductors, and then soldering them together at 
one end only. This shield can then be inserted 
between the tank coil and link, making sure 
that it is adequately insulated from both. 
An alternative, and perhaps simpler, type of 

screening is shown in Fig. 10-32. In this case 
the inner conductor of a piece of coaxial cable 
is used to form a one-turn link. The outer con-
ductor serves as an open-circuited shield 
around the turn, this shield being grounded to 
the chassis. The circuit to the link line is made 
by connecting the inner conductor to the outer 
conductor at the finish of the turn, as shown, 
and from there on the coaxial line is used to 
transfer the power to a second, and similar, 
link coil at the antenna tuner. This type of 
shielded link is simpler to make than the regu-
lar Faraday screen. 

Aside from the adverse effects on the per-
formance of the antenna system, stray capaci-
tive coupling frequently is responsible for in-
terference to near-by broadcast receivers. It is 
not difficult to appreciate that radiation taking 
place from transmission lines and power wiring 
is, in general, more likely to get into a broad-
cast receiver than radiation from an antenna 
that is intentionally kept away from other 
antennas — particularly when the receivers 
are connected to that same power wiring. 

Antenna-Coupler Construction 

The apparatus used to cancel line reactance 
and match the line resistance to the transmitter 
is commonly called an "antenna coupler" or 
"antenna tuner." (The name is really a mis-
nomer, because the coupling and tuning equip-
ment at the input end of the line does not have 
any effect on the antenna itself; if there is any 
antenna tuning to be done it must be done at 
the antenna, independently of the line.) The 
design principles and the important construe-

tional points have been covered earlier in this 
chapter; in this section we show a few examples 
of typical construction. 

Bearing in mind the precautions mentioned 
earlier as to maintaining balance in parallel-
conduct& transmission lines, it is usually good 
practice to install the coupling equipment 
close to the point where the line enters the 
station. This is a simple matter when the tun-
ing equipment is link-coupled to the trans-
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Fig. 10-33 — A wall-mounting antenna coupler for 
medium-power transmitters. This unit provides a choice 
of either series or parallel tuning for resonant feeders. 
Standard transmitting coils of the variable-link type 
are used. 

mitter, since there are no particular restrictions 
on the length of the link that can be used. 
However, if the link line is fairly long it.should 
be treated as a transmission line rather than 
merely as a means of providing mutual in-
ductance between two separated coils. In such 
a case it is advisable to have variable coupling 
at both ends of the link. This permits matching 
the link line to the line tank circuit, and once 
the match is obtained the power output of the 
transmitter can be varied by changing the 
coupling at the transmitter tank. If the link 
line is not properly matched its current may be 
excessive, leading to unnecessary power loss. 
The most desirable form of link line is 

coaxial cable. Properly handled, its losses are 
low; and since it is shielded it can be on or near 
metal objects with impunity. 

• SERIES-PARALLEL COUPLER FOR 
WALL MOUNTING 

Fig. 10-33 shows a link-coupled coupler de-
signed for series or parallel tuning of a resonant 
line. It is suitable for transmitters having a 
power output in the neighborhood of 250 watts. 
A higher-power version easily could be made 
using a similar layout, but substituting heavier 
coils and condensers with greater plate spacing. 

As shown in Fig. 10-34, the change from 
series to parallel tuning is made by means of 
jumpers and extra pins on the coil plug-bar. 
A separate Coil is used for each band, and after 
determining which should be used, series or 
parallel tuning, on a particular band, the jump-
ers may be installed permanently or left off as 
required. The tuning condensers specified, to-
gether with a set of standard plug-in trans-
mitting coils, should provide adequate coupling 
if the transmission-line length is such as to 
bring a voltage or current loop near the input 
end. 
The unit is mounted on an 8 X 12 X 'Winch 

board for hanging on tfie wall in any convenient 
location near the entrance point of the feeders. 
The 2.5-ampere r.f. ammeter is mounted cen-
trally by long wood screws through spacers at 
the top of the unit. A short length of twisted 
pair connects it to the thermocouple, secured 
in a horizontal position at the bottom of 
the backboard. The tuning condensers are 
mounted on the underside of a 4-inch shelf 
extending the width of the unit. Atop the 
shelf, the jack-bar for the coil is supported on 
pillars by wood screws. An extension shaft to 
vary the degree of coupling is supported by a 
bushing fastened to a short strip of brass at the 
right of the shelf. A.short length of 300-ohm 
ribbon (coaxial cable can be used instead) con-
nects the input terminals to the movable link, 
while the output terminals are located at the 
middle right of the backboard. Two screw 
eyes at the top permit the unit to be hung from 
screws or nails in the wall. 

• RACK-MOUNTING SERIES-PARALLEL 
COUPLER 

The rack-mounting coupling unit shown in 
Fig. 10-35 is suitable for power outputs of 25 
to 50 watts, and provides either series or 
parallel tuning for resonant lines. Separate 
condensers are used for this purpose, and while 

Link to 
Tr ansrottter 

Link to 
Transmitter 

Feeders 

(A) 

Feeders 

(B) 

Fig. 10-34 — Circuit diagram of an antenna coupler for 
use with a medium-power transmitter. A — Series tun-
ing. B — Parallel tuning. 
CI, C2 — 100-nnfd. single section variable, 0.070-inch 

spacing (Cardwell- MT-100-GS). 
L — B & W BVL series. 
A 0-2.5 thermocouple r.f. ammeter. 
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three are required, this system has the ad-
vantage that no switching is necessary when 
changing from series to parallel tuning. It is 
also possible to cover a somewhat wider range 
of line input impedances with parallel tuning 
because the series condensers can be used to 
help cancel out inductive reactance that can-
not be handled by the parallel circuit alone. 
The coupler is mounted oh a 5% X 19-inch 

panel. The parallel condenser, CI, is in the 
center, with C2 and C3 on either side. The varia-
ble condensers are mounted on National GS-1 
stand-off insulators which are fastened to the 
condenser tie-rods by means of machine screws 
with the heads cut off. Small ceramic shaft 
couplings are used to insulate the control 
knobs from the condenser shafts. 

Clips with flexible leads attached are pro-
vided for the parallel condenser, CI, so that the 
sections may be used either in series or parallel 
to form either a high-C or low-C tank circuit, 
as required. When the high-C tank is necessary 
the two stators are connected together by 
means of the clips, as indicated by the dotted 
lines in the circuit diagram, Fig. 10-36. When 
the two sections are connected in series for 
low-C operation the breakdown voltage is 
increased. 
Two sets of variable condensers are sug-

gested in the list of parts. The smaller receiv-
ing-type condensers with 0.03-inch air gap are 
satisfactory for transmitter power outputs up 
to 50 watts. The larger condensers, with 0.045-
inch spacing, are required for transmitter out-
puts of the order of 100 watts. 

• BANDSWITCH1NG UNIVERSAL 
COUPLER 

The coupling unit shown in Figs. 10-37 and 
10-39 is of the "universal" type discussed 
earlier. It is a bandswitching unit using com-
mercially-available coils. Provision is made for 
switching either capacitance or inductance 
across the transmission line to compensate for 
its input reactance. Impedance matching is 
achieved by tapping the tank coils at the 
proper points. ' 

In the circuit diagram, Fig. 10-38, only one 

tint input 

Fig. 10-36— Circuit of the rack-mounting antenna 
tuner for use with transmitters having final amplifiers 
that are operated at less than 1000 volts on the plate. 

All coils are 13¡; inches in diameter and 2% inches 
long, with th e variable link located at the center. For 
series tuning, use the coil specified for the next-higher 
frequency band, which will be approximately correct. 
— 100 ppfd. per section, 0.045-inch spacing (National 

TMK-100-D) for high voltages; receiving type 
for low voltages (liammarlund MCD-100). 

C2, C3 — 250 pmfd., 0.026-inch spacing (National 
TMS-250) for high voltages; receiving type for 
low voltages (liammarlund MC-250). 

L — B & W JVL-series coils. Approximate dimensions 
for parallel tuning for each band are as follows: 

3.5-Me. band — 40 turns No. 20. 
7-Mc. band — 24 turns No. 16. 
14-Mc. band — 14 turns No. 16. 
28-Mc. band — 8 turns No. 16. 

set of coils is shown. For other bands the con-
nections shown for L1 and L2 would be dupli-
cated. Bandswitching is accomplished by a 
five-gang switch, Si. Compensating reactances 
can be switched in or out of the circuit by 82. 
The coupling links, L2, are the shielded type 
using coaxial cable described earlier in this 
chapter (Fig. 10-32). 
The coupler is wholly supported by a 7 X 

19-inch relay-rack panel. The variable con-
densers are mounted from the panel by small 
stand-off insulators, and insulated couplings 
are used between the condenser shafts and the 
National Type AM dials. The tank condenser, 
CI, is mounted at the right-hand end of the 
panel with the bandswitch, Si, to its left. The 
four coils are grouped around the bandswitch, 
with the 28-Mc, coil placed so that the leads 
to it are the shortest. The coils are Millen 44000 
series with the plug bases removed from the 

lUft 
Fig. 10-35— Back-mounted coupler 
for low-power transmitters. This unit 
II3C8 three variable condensers to pro-
vide either series or parallel tuning 
without condenser switching. 
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3.5-, 7- and 14-Mc. coils. It is not practicable to 
remove the base from the 28-Mc, coil because 
it does not have the polystyrene supporting 
strip that is part of the lower-frequency coil 

Fig. 10-38 — Circuit diagram of the bandswitching 
coupler. In this diagram the ground symbol indicates 
points that are connected together. Wiring to coils is 
shown for one band only, to avoid complicating the 
diagram; the wiring for other coils is identical. 
Ci — 100-add.-per,,ection variable (Cardwell M R-

100-BD). 
Cs — 335- pfd. variable (Card% ell MR-335-BS). 
Li — Millen 44000-series coils (see text). 
L2 — Shielded link; one turn for 28 and 14 Mc.; 2 turns 

for 7 and 3.5 Mc. 
L3 -26 turns No. 12 on 2%-inch diameter form (Na-

tional XR-10A), 7 turns per inch. Tapped 8, 14. 
18, 22 and 24 turns from end to which arm of 
SS is connected. 

.11 — Coaxial-cable connector (Amphenoll. 
Si — 5-section 4-position ceramic wafer switch (Cen-

tralab 2546). 
— 2-section 4-position ceramic wafer switch (Cen-

tralah 2543). 
S3 — 1-section 6-position ceramic- wafer msitch (Cen-

tralab 2501). 

assemblies. The coils are partly supported by 
the wiring to the switch and partly by the 
polystyrene plate mounted on the back of the 
switch. The ends of the coil mounting strips 
are cemented into holes cut in the plate. 

Fig. 10-39 — Rear view of the band. 
switching coupler. Details of coil 
mountings are shown in this view. 

• 

Fig. 10-37 — Bandswitching 
.al-type coupler for parallel-conduc-
tor lines. This unit can be used with 
transmitters having power outputs 
of the order of 100 % ans. 

The compensating condenser, C2, is mounted 
at the left-hand end of the panel. L3 is mounted 
vertically to its right, with 83 directly in front 
of it on the panel. 82 is mounted centrally on 
the panel. The output terminals to the line are 
mounted above 83. The link input terminal is 
a coaxial cable socket mounted on a small 
bracket in the lower right-hand corner. 
The link coils, L2, are supported by the 

,‘ iring, and the coupling is changed by bending 
the link into ôr out of its associated tank coil. 
Since the links fit rather tightly in the tank 
coils, the pressure helps hold them in place 
once the proper coupling is determined. The 
link shields are all connected together and to 
the input connector; the inner conductors go 
to the switch contacts. The link coils are made 
from RG-59/U cable. 

With the coils and condensers specified, this 
coupler can handle power outputs of the order 
of 100 to 150 watts. The method of adjustment 
is covered earlier in this chapter. 

111 A WIDE-RANGE ANTENNA 
COUPLER 

The photograph of Fig. 10-40 shows the con-
structional details of a wide-range antenna 
coupler suitable for use with high-power trans-
mitters. Various combinations of parallel and 
series tuning, with high- and low-C tanks and 
high- and low-impedance outputs, are avail-
able. Diagrams of the various circuit com-
binations possible with this arrangement are 
given in Fig. 10-41. 
A separate coil is used for each band, and the 

desired connections for series or parallel tuning 
with high or low C, or for low-impedance output 
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Fig. 10-1() — Wide-range antenna coupler. 
The unit is assembled on a metal chassis 
measuring 10 X IT X 2 invites, with a panel 
104 X 19 invites in size. The variable con-
denser is a split-stator unit with a capacitance 
cif 200 add. per section and (1.07-inch plate 
sparing (Johnson 290E1)30). The plug-in 
roils are the B & V TV L series. The r.f. am-
meter has a 4-ampere scale. 

with high or low C, are automatically made 
when the coil is plugged in. Coil connections 
to the pins for various circuit arrangements are 
shown in Fig. 10-41. 
The tuning condenser specified, together 

with a set of standard plug-in transmitting 
coils, should cover nearly all coupling condi-
tions likely to be encountered. 

Because the switching connections require 
the use of a central pin, a slight alteration in 
the B & W coil-mounting unit is required. The 
central link-mounting unit should be removed 
from the jack-bar and an extra jack placed in 
the central hole thus made available. The link 
assembly should then be mounted on a 2-inch 
cone insulator to one side of the jack bar. 

Correspondingly, the central nut on each coil 
plug base must be removed and a Johnson 
tapped plug, similar to those furnished with 

FEEDERS 
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(C) 
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Fig. 10-41 — Circuit diagram of the wide-range rack-type antenna coupler. A — Parallel tuning, 
low C. B — Parallel tuning, high C. C — Series tuning, low C. D — Series tuning, high C. E — Paral-
lel tank. low-impedance output., low C. F — Parallel tank, low-impedance output, high C. After the - 
inductance required for each of the various bands has been determined experimentally, the connec-
tions to the roils can be made permanent. Then it will be necessary only to plug in the right coil for 
each band, tune the isindenser for resonance, and adjust the link loading. 
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the coils, substituted. An extension shaft may 
then be fitted on the link shaft and a control 
brought out to a knob on the panel. 
The split-stator tank condenser is mounted 

by means of angle brackets on four 1-inch 
cone-type ceramic insulators, and an insulated 
flexible coupling is provided for the shaft. 

If desired, the coils may be wound with 
fixed links on ceramic transmitting coil forms. 
The links should be provided with flexible 
leads which can be plugged into a pair of jack-
I op insulators mounted near the coil jack strip, 
unless a special mounting is made providing 
for seven connections. 
The unit as described should be satisfactory 

for transmitters having an output of 500 watts 
with plate modulation and somewhat more on 
c.w. For higher-power ' phone, a tank condenser 
with larger plate spacing should be used. . 
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Antennas 

In selecting the type of antenna to use, the 
propagation characteristics of the frequency 
band or bands to be used should be given due 
consideration. These are outlined in Chapter 
Four. In general, antenna construction and 
location become more critical and important 
on the higher frequencies. On the lower fre-
quencies (3.5 and 7 Mc.) the angle of radiation 
and plane of polarization may be of relatively 
little importance; at 28 Mc. and higher they 
may be all-important. On a given frequency, 
the particular type of antenna best suited for 
long-distance transmission may not be as good 
for shorter-range work as would a different 
type. The important properties of an antenna 
or antenna system are its polarization, angle 
of radiation, impedance, directivity and gain. 

Polarization 

The polarization of a straight-wire antenna 
is its position with respect to the cart h. That is, 
a vertical wire transmits vertically-polarized 
waves and a horizontal antenna generates 
horizontally-polarized waves in its direction 
of maximum radiation (broadside). The wave 
from an antenna in a slanting position con-
tains both horizontal and vertical components. 

Angle of Radiation 

The wave angle (or vertical angle) at which 
an antenna radiates best is determined by its 
polarization, height above ground, and the na-
ture of the ground. Radiation is not all at one 
well-defined angle, but rather is generally 
dispersed over a more or less large angular 
region, depending upon the type of antenna. 
The angle is measured in a vertical plane with 
respect to a tangent to the earth at that point. 

Impedance 

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 represented by the antenna. It is a 
pure resistance only at current loops (maxima) 
and nodes (minima) on resonant antennas. 
The antenna impedance is high at the current 
node and low at the current loop. 

Directivity 

All antennas radiate more power in certain 
directions than in others. This characteristic, 
called directivity, must be considered in three 
dimensions, since directivity exists in the 
vertical plane as well as in the horizontal 
plane. Thus the directivity of the antenna will 
affect the wave angle as well as the actual com-
pass directions in which maximum transmis-
sion takes place. 

Current 

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. 

Power Gain 

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. 

Front- to-Back Ratio 

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 
direction. Front-to-back ratio is usually ex-
pressed in decibels. 

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. 1042 — Effect of ground on radiation of horizontal 
antennas at vertical angles for four antenna height'. 
This chart is based on perfectl, -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. 10-42 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, or angle of 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 ground reflection in such a way as 
to reinforce the space radiation at the most de-
sirable angle. Since low radiation angles usually 
are desirable, this generally means that the an-
tenna should be high — at least one-half wave-
length at 14 Mc., and preferably three-quarter 
or one wavelength; at least one wavelength, 
and preferably higher, at 28 Mc. and the very-
high frequencies. The physical height required 
for a given height in wavelengths decreases as 
the frequency is increased, so that good heights 
are not impracticable; a half-wavelength at 
14 Mc. is only 35 feet, approximately, while 
the same height represents a full wavelength 
at 28 Mc. At 7 Mc. and lower frequencies the 
higher radiation angles are effective, so that 
again a reasonable antenna height is not diffi-
cult of attainment. Heights between 35 and 70 
feet are suitable for all bands, the higher figures 
being preferable. 

70° 80* 90 

Imperfect Ground 

Fig. 10-42 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 sort of result to be expected 
at angles between 5 and 15 degrees. 
The 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-
tenna varies with height. The theoretical curve 
of variation of radiation resistance for an an-
tenna above perfectly-reflecting ground is 
shown in Fig. 10-43. 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 
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Fig. 1043 — Theoretical curve of variation of radiation 
resistance for a half-wave horizontal antenna, as a 
function of height in wavelength above perfectly-re. 
fleeting ground. 
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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 be 

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  (10-H) 
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. 10-44, where K is a factor that 
must be multiplied by the half-wavelength in 
free space to obtain the resonant antenna 
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Fie. 10-44 — Effect of antenna diameter on length for 
half-wave resonance, shown as a multiplying factor, k, 
to be applied to the free-space half-wavelength (Equa-
tion WAIL 'I'he effect of conductor diameter on the im-
pedance measured at the center also is shown. 

length. An additional shortening effect occurs 
with wire antennas supported by insulators at 
the ends because of the capacitance added to 
the system by the insulators (end effect). 
Under average conditions the following form-
ula is sufficiently accurate for wire antennas at 
frequencies up to 30 Me.: 

Length of half-wave antenna (feet) = 

492 X 0.95 468  
(104) 

Freq. (Me.) Freq. (Me.) 

Example: A half-wave antenna for 7150 ke. 
468 

(7.15 Me.) is = 65.45 feet, or 65 feet 5 
7.15 

inche. 

Above 30 Mc. the following formulas should 
be used, particularly for antennas constructed 
from rod or tubing. The factor K is taken from 
Fig. 10-44. 

 so 
wee 

Length uf hall- wave antenna ( feet) =-

492 X K (10-J) 
Freq. (Mc.) 

5905 X K 
or length (inches) —,req. (10-K) 

Example: Finil the length of a half-wavelength 
antenna at 29 Me_ if the antenna is made of 2-
inch diameter tubing. At 29 Me., a half-wave-

492 
length in space is = 16.97 feet, from Eq. 

29 
10-H. Ratio of half-wavelength to conductor 

diameter (changing wavelength to inches) is 

16.97 X 12 
— 101.8. From Fig. 10-44, K = 0.92 

2 
for this ratio. The length of the antenna, from 

Eq. 10-J, is 492 X 0.92 — 15.6 feet, or 15 feet 
29 

7 inches. The answer is obtained directly in 

inches by substitution in Eq. 10-K: 5905 X 0.92 
29 

= 187 inches. 

Current and Voltage Distribution 

When power is fed to such an 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 
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 usually small 
enough, in comparison with the radiation re-
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 
commonly taken to be in the neighborhood of 
70 ohms. It is pure resistance, and is measured 
at the center of the antenna. The impedance 
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Fig. 10-45 — The free-space radiation pattern of a half-
wave antenna. The antenna is shown in the vertical 
position. This is a cross-section of the solid pattern de-
scribed by the figure vt hen rotated on its vertical axis. 
The "doughnut- form of the solid pattern can be more 
easily visualized by imagining the drawing glued to a 
hiere 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. 

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 construction, the insu-
lators at the ends, and the position with respect 
to ground. 

Con ductor Size 

The impedance of the antenna also depends 
upon the diameter of the conductor in relation 
to the wavelength, as shown in Fig. 10-44. If 
the diameter of the conductor is made large, 
the capacitance per unit length increases and 
the inductance per unit length decreases. 
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 
t he wavelength is small. 

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. 
10-45, 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-

Fig. 10-46— Illustrating the 
importance of vertical angle of 
radiation in determining an-
tenna directional effects. Ground 
reflection is neglected in this 
drawing of the free-space field 
pattern of a horizontal antenna. 

ous vertical angles from a half-wavelength 
horizontal antenna is indicated in Figs. 10-46 
and 10-47. 

• 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 
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. 10-48. In the 
method shown at A, C1 and e2 should be about 
150 add. each for the 3.5-Mc. band, 75 aafd. 
each at 7 Mc., and proportionately smaller 
at the higher frequencies. The antenna coil 
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Fig. 10-47— Horizontal pattern of a horizontal half. 
st  antenna at three vertical radiation angles. 'he 
solid line is relative radiati nn at IS degrees. Dot ted lines 
show deviation from the 15-degree pattern for angle. of 
0 and 30 degrees. The patterns are useful for shape only, 
since the amplitude will depend upon the height of the 
antenna above ground and the vertical angle conside ed. 
The patterns for all three angles have been proportioned 
to the same scale, but this does not mean that the maxi-
mum amplitudes necessaril w ill be the same. The,arrow 
indicates the direction of iii,' horizontal antenna wire. 

connected between them should resonate to 
3.5 Mc. with about 60 or 70 add., for the 80-
meter band, for 40 meters it should resonate 
with 30 or 35 paid., 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. 10-48B and C are used 

when only one end of the antenna is accessible. 
In B, the coupling is adjusted by moving the 
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Fig. 10-48— Methods 
of directly exciting the 
half-stave antenna. A, 
current feed, series tun-
ing; B, voltage feed, 
capacitance coupling: 
C, voltage feed, with 
inductively-coupled an-
tenna tank. In A, the 
coupling circuit is not 
included in the effective 
electrical length of the 
antenna system proper. 

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-

h--Half-wavelerigth from formula 

ere-7 - So-lder Solder joint 

No 12 or 
No .14 wire 75-ohm Twin-Lead 

or coaxial line 

Fig. 10-49 — Construction of a half-u ave doublet fed 
with 75-ohm line. The length of the antenna is calcu-
lated from Equation 10-1. 

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 
10-I, 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. 10-49. 
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 doub-
let, a good match is offered for a 300-ohm 
line. Such an antenna is shown in Fig. 10-50, 
with another version in Fig. 10-79B. The two 
differ only in the construction of the antenna 

Half-wavelength from formula 

rk.  

Lightweight spacers 
tied in place with 
No. 18 wire 

ZDawn 
Solder joint 

300-oleo 
Twin-Lead 

Fig. 10-50— The construt ti un of an open-wire folded 
m doublet fed vs ith 300-oh line. The length of the an-

tenna is calculated from Eqt ation 10-1. 

proper. The open-wire line shown in Fig. 
10-50 is made of No. 12 or No. 14 enameled 
wire, separated by lightweight spacers of 
Lucite or other material (it doesn't have to be 
a /ow-/oss insulating material), and the spacing 
can be on the order of from 4 to 8 inches, de-
pending upon what is convenient and what the 
operating frequency is. At 14 Mc., 4-inch sep-
aration is satisfactory, and 8-inch or even 
greater spacing can be used at 3.5 Mc. 

If a half-wavelength antenna is fed at the 
center with other than 75-ohm line, or if a 
folded doublet 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 
earlier in this 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\ 
Solder 
Joint 

_i Flalf-wayelength 
from formula 

Solder 
joint 

bk 12 or No14 wire — 
hard-drawn or 

copper weld 

Ceramic spacers tied in 
(A) ; : place with No 18 wire ___________, 1(B) 

Y Y.---- No.14 soft-drawn copper y 1 

To transmitter To I ansmitter 

Fig. 10-51— The antenna ran he fed at the center or at 
the end with an open-wire line. The antenna length is 
obtained from Equation 10-1. 
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Fig. 10-52 — 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. 

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. 10-51. If the power level is low, below 100 

359 
watts or so, 300-ohm Twin-Lead can be used 
in place of the open line. 
One method for offering a match to a 

600-ohm open-wire line with a half-wavelength 
antenna is shown in Fig. 10-52. The sjrstem 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-
sary. The length of the antenna, L, is calcu-
lated from Equation 10-I. The length of 
section C is computed from: 

C (feet) —  118  (10-L) 
Freq. ( Mc.) 

The feeder clearance, E, is found from 

E (feet) —  148  (10-M) 
Freq. ( Mc.) 

Example: For a frequency of 7.1 Mc., the length 
468 

L = 65.91 feet, or 65 feet 11 inches. 
7.1 
118 

= 16.62 feet, or 16 feet 7 inches. 
7.1 
148 

E = — = 20.84 feet, or 20 feet 10 inches. 
7.1 

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 334-inch 
spaced No. 16 wire.. 

Long-Wire Antennas 

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 aome 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. 10-53 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-
tained 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-

FUNDAMENTAL (HALF-WAVE) 

aso HARMONIC (FULL-WAVE) 

A 

3ao HARMONIC (1/2 -WAVE) 

D 

4 Thl HARMONIC ( 2-WAVE) 

Fig. 10-53 — Standing-wave current and voltage distri-
bution along an antenna when it is operated at vari-
ous harmonics of its fundamental resonant frequency. 
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Fig. 10-54 — Curve A shows variation in radiation re-
sistance with antenna length. Curve B shows power in 
lobes of maximum radiation for long- mire antennas as a 
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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. 
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CHAPTER 10 

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 
portion of the wave in space. The formula for 
the length of a long-wire antenna, therefore, is 

492 (N-0.05)  
Length (feet) —(10-N) 

Freq. (Mc.) 

where N is the number of half-waves on the 
antenna. 

Example: An antenna 4 half-waves long at 14.2 

Me. 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 
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the pattern for a vertical angle of 15 degrees; dotted 
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resonance at exactly twice that frequency (the 
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 
band, the hand 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-
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rection than does a half-wave antenna in its 
most favorable direction. This power gain is 
secured at the expense of radiation in other 
directions. Fig. 10-54 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. 10-55, 
10-56 and 10-57, for three vertical angles of 
radiation. Note that, as the wire length in-
creases, the radiation along the line of the an-
tenna becomes more pronounced. Still longer 
antennas can be considered to have practically 
"end-on" directional characteristics, even at 
the lower radiation angles. 

Methods of Feeding 

In a long-wire antenna, the currents in ad-
jacent half-wave sections must be out of phase, 
as shown in Fig. 10-53. 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, 
however, because this invariably brings the 
currents in two adjacent half-wave sections in 
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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 later in this 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 the length of a 
matching section and shifting the point at 
which the feeder is attached 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 which is center-fed by a rubber-insulated 
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 rubber dielectric. 
It is also wise not to attempt to use a half-wave 

antenna center-fed with coaxial cable on its 
harmonics. Higher-impedance solid-dielectric 
lines such as 300-ohm Twin-Lead may be used, 
however, provided the power does not exceed a 
few hundred watts. 

Tu;ta 
Ap tus 

Fig. 10-58 — Practical arrangement of a shortened an-
tenna. The total length, B B A, should he a 
half-wavelength for the lowest-frequency band. usually 
3.5 Mc. See Table 10-III for lengths and tuning data. 
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TABLE 10-.11 
Multiband Reaonant-Lins Fed Antennas 

Antenna 
Length (ft.) 

Feeder 
Lentith 
ul.) 

Band Type of 
Tuning 

_ 
With end feed: 

120 

136 

60 4-Mc. 'phone series 

67 3.5-Mc. c.w. 
7 Mc. 
14 Me. 
28 Mc. 

series 
parallel 
parallel 
parallel 

134 67 3.5-Mc. c.w. 
7 Mc. 

series 
parallel 

67 33 7 Mc. 
14 Mc. 
28 Mc. 

series 
parallel 
parallel 

V. ith center feed: 
137 67 3.5 Mc. 

7 Mc. 
14 Mc. 
28 Mc. 

parallel 
parallel 
parallel 
parallel 

67.5 34 7 Mc. 
14 Mc. 
28 Mc. 

parallel 
parallel 
parallel 

'I'he antenna lengths given represent compromises 
for harmonic operation because of different end 
effects on different bands. The 136-foot end-fed 
antenna is slightly long for 3.5 Me., hut will work 
well in the region that quadruples into the 14-Me. 
hand (3500-3600 kc.). Bands not listed are not 
recommended for the particular antenna. The cen-
ter-fed systems are less critical as to length. 
On harmonics, the end-fed and center-fed anten-

nas will not have the same directional characteris-
tics, as explained in the text. 

When the same antenna is used for work in 
several bands, it must be realized that the 
directional characteristic will vary with the 
band in use. 

Simple Systems 

The most practical simple multiband 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. 10-55, but if it 
is fed in the center the pattern will be some-
what similar to Fig. 10-47, 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-cou-
pling arrangements are to be obtained. Table 
10-II 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 
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 
ength is adjusted to accommodate at least 

TABLE 10-III 

Antenna and Feeder Lengths for Short 
Multiband Antennas, Center-Fed 

Antenna 
Length (ft.) 

100 

Feeder 
Length 
(ft.) 

38 

Band 7Ype of 
Tuning 

3.5 Mc. 
7 Mc. 
14 Mc. 
28 Mc. 

67.5 34 

50 

33 

33 

43 

51 

3.5 Mc. 
7 Mc. 

14 Mc. 
28 Mc. 

parallel 
series 
series 
series or 
parallel 

series 
parallel 
parallel 
parallel 

7 Me. 
14 Mc. 
28 Mc. 

7 Mc. 
14 Mc. 
28 Mc. 

parallel 
parallel 
parallel 

parallel 
parallel 
parallel 

31 7 Me. 
14 Mc. 
28 Me. 

parallel 
series 
parallel 
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Fig. 10-59 — 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 und the ends dropped dim n 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 long. 

one half-wave around the whole system. 
A practical antenna of this type can be 

made as shown in Fig. 10-58. Table 10-III 
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. 

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 erecting an antenna a half-
wave long. In this case the ends may be bent, 
either horizontally or vertically, so that the 
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. 10-59. 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. 

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 

banwerme bee A Ware DiiectiOn 

A13.CD 

Fig. 10-00 — The basic " V" antenna, made by com-
l. g t‘so long sb ires. 

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 
t han along the bisector cancel to a greater 
or lesser extent. The horizontal " V" an- g 
tenna therefore transmits best in either ;4' 
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. The " V" antenna is shown in 
Pig. 10-60. 

Fig. 10-61 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 a 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. 10-61 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 
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Fig. 10-61— Design chart for horizontal "V" antennas, 
giving the enclosed angle between sides rs. the length of the 
wires. Values in parentheses represent approximate wave 
angle for height of one-half wavelength. 
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wires, but is not exactly twice the gain for a 
single long wire as given in Fig. 10-54. 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 db. 
over a half-wave antenna, whereas twice the 
gain of a single eight-wavelength wire would be 
only approximately 9 db. 
The two wires of the "" must be fed out of 

phase, for correct operation. A resonant line 
may simply be attached to the ends, as shown 
in Fig. 10-60. 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 10-N 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 later. 

• THE RHOMBIC ANTENNA 
The horizontal rhombic or "diamond" an-

tenna is shown in Fig. 10-62. 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 
Fig. 10-62, 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. 10-62. While several design methods may 
be used, the one most applicable to the condi-
tions existing in amateur work is the so-called 
"compromise" method. The chart of Fig. 
10-63 gives design information based on a 
given length and wave angle to determine the 
remaining optimum dimensions for best opera-
tion. Curves for values of length of two, three 
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Fig. 10-62 — The horizontal rhombic or diamond antenna, termi-
nated. Important design dimensions are indicated; details in text. 
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Fig. 10-63 — Compromise-method design chart for 
rhombic antennas of vat:* s leg lengths and wave angles. 
The following examples illustrate the use of the chart: 

(1) Given: 
Length (L) = 2 wavelengths. 
Desired wave angle (A) = 20°. 

To Find: H. <6. 
Method: 
Draw vertical line through point a (L = 2 wave-

lengths) and point b on abscissa = 20°). Read 
angle of tilt (e) for point a and height (H) from 
interseetion of line ab at point c 00 curve H. 

Result: 
= 60.5°. 

H = 0.73 wavelength. 

(2) Given: 

Length (L.) = 3 wavelengths. 
Angle of tilt (5) = 78°. 

To Find: H. a. 
Method: 
Draw a vertical 'hie from point d on curve 1. = 3 

wavelengths at 9, = 78°. Read intersecti )))) of 
this line on curve H (point e) for height, and 
intersection at point j on the abscissa for .1. 

Result: 
H = 1).56 wavelength. 
= 26.6°. 

za 30 

and four wavelengths are shown, and any inter-
mediate 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 powor gain, but 
not to the saine extent as a propor-
tionate increase in length. For multi-
band 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 terminating resistor for any 
properly-constructed rhombic, and 
the system behaves as a pure resistive 
load under this condition. The ter-
minating resistor must be capable of 
safely dissipating one-half the power 
output (to eliminate the rear pat-
tern), and should be noninduetive. 
Such a resistor may be made up from 
a carbon or graphite rod or from a 
long 800-ohm transmission line using 
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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, u ken › neli 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 unter-

minated rhombic as to the terminated type. 
When used without a terminating resistor, the 
system is bidirectional. Resonant feeders are 
preferable for the unterminated 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 them 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) 

(t 

ai2 r 

t 
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Fig. 10-64 — Collinear half-wave antennas in phase. The sys-
teneat A is generally known as '' tv.4) half-waves in phase.' B 
is an extensión of the system; in theory the number of elements 
may be carried on indefinitely, but practical considerations 
usually limit the elements to four. 

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 
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. 10-64. 
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. 10-64B. 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 bé end-
fed by any of the systems previously 
described, or any element may be center-
fed. It is best to feed at the center of the 
array, so that the energy will be dis-

tributed as uniformly 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 10-IV. 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-. 
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TABLE 10-IV 

Theoretical Gain of Collinear Half-Wave Antennas 

Spacing between 
centers of adjacent 

half-wares 

1/2  wave 
wave 

.\-umber of half-wares 
in array vs. gain in db. 

2 3 4 

1.8 
3.2 

3.3 
4.8 

4.5 
6.0 

5 6 

5.3 
7.0 

6 . 2 
. 

ing gives increased horizontal directivity, whil€ 
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. 10-65 
to form a broadside array, so named because 

Feeder 

Fig. 10-65 — Broadside array using parallel half-wave 
elements. Arrows indicate the direction of current dom. 
Transposition of the feeders is necessary to bring the an-
tenna currents in phase. Any reasonable number of ele-
ments may he 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 in 
Fig. 10-66. Half-wave spacing generally is 
used, since it simplifies the problem of feeding 
the system when the array has more than two 
elements. Table 10-V 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. 10-65, note the "crossing over" of the 

feeders, which is necessary to bring the ele-
ments into proper phase relationship. 

Combined Broadside and Coll:near 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. 10-67. 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. 10-67 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. 
A four-element array of the general type 

shown in Fig. 10-67B, known as the "lazy-H" 
antenna, has been quite frequently used. This 
arrangement is shown, with the feed point indi-
cated, in Fig. 10-68. 

End-Fire Arrays 

Fig. 10-69 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 line of the antennas, as shown. 
The end-fire array may be used either ver-
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Fig. 10-66 — Gain es. spacing for two parallel half-wave 
elements combined as either broadside or end-fire arrays. 
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ft 

Fig. 10-67 — Combination broadside and collinear ar-
rays. A, with vertical elements; B, with horizontal ele-
ments. Both arrays give low-angle radiation. Two or 
more sections may he used. The gain in db. will be equal. 
approximately, to the sum of the gain for one set of 
broadside elements (Table 10-V) plus the gain of one set 
of collinear elements (Table 10-IV). For example, in A 
each broadside set has four elements (gain 7 (lb.) 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 db.), making the total gain 7.3 db. The result is 
not strictly accurate, because of mutual coupling he-
t%een the elements, but is good enough for practical 
purpose.. 

tically or horizontally (elements at the seine 
height), and is well adapted to amateur work 
because it gives maximum gain with relatively 
close element spacing. Fig. 10-66 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. 

7 

feed 
Fig. 10-68 — A four-element combination broadside-
collinear array, popularly known as the "lazy-II" 
antenna. A closed quarter-wave 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. The gain over a half-wave antenna is 5 to 6 db. 

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. 10-67 and 10-69 illustrate a point in 
connection with feeding a phased antenna sys-
tem which sometimes is confusing. In Fig. 
10-69, 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. 
10-67. 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 feedline 
connected to its center, as in Fig. 10-65. 

Adjustment of Arrays 

With arrays of the types just described, 
using half-wave spacing between elements, it 

•  

(A) 
Fig. 10-69 — 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. 10-66. Directidn 
of maximum radiation is shown by the large arrows. 

will usually suffice to make the length of each 
element that given by Equations 10-I or 10-J. 
The half-wave phasing lines between the 
parallel elements should be of open-wire con-
struction, ad their length can be calculated 
from: 

Length of half- ware line (feet) = (10-0) 

480  

Freq. ( Mc.) 

Example: A half-wavelength phasing line for 
480 

28.8 Mc. would be — = 16.66 feet = 16 feet 
28.8 

8 inches. 

The 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. 

TABLE 10-V 

Theoretical Gain vs. Number of Broadside 
Elements (Half Wave Spacing) 

.\ 0. of elements Gain 

2 
3 
4 
5 
6 

4 db. 
5 . 5 
7 
8 
9 
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With collinear arrays of the type shown in 
Fig. 10-64B, 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) (10-P) 

240  

Freq. (Mc.) 

Example: A quarter-wavelength phasing line 

for 14.25 Me. would be 240 = 16.84 feet = 16 
14.25 

feet 10 inches. 

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 an 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. 

(A) 

(c) 

0.64A    064 

(D) 

x 

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 
be only 84 per cent of the length obtained in 
the two formulas above. 

Example: The half-wavelength line for 28.8 
Mr. 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. 
10-64B, 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. 10-70. Tuned feeders 
are assumed in all cases; however, a matching 
section readily can be 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-fire arrange-
ments 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 har-
monic, although the spacing is not quite op-
timum (Fig. 10-66) 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 at 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. The 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 
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-
izontal pattern than the two-element arrays 
because of the effect of the collinear arrange-
ment. The vertical pattern, however, will be 
the sanie as that of the antennas in A and li. 

Fig. 10-70 — Simple directive-antenna systems. A is a 
two-element end-lire array; 11 is the same array with 
center feed, vi hieh permits use of the array on the second 
harmonic, s% here it becomes a four-element array with 
quarter-wave spacing. C is a four-element end-fire array 
with 1-wave spacing. 1) is a simple two-element broad-
side array using extended in-phase antennas (-extended 
,louble-Zepp- ). 'I'he gain of A and B is slightly over 4 db. 

t he second harmonic, B w ill gis e about 5-t11). gain. 
ith C, the gain is approximately 6 db., and with D, 

approximately 3 db. In A, B and C, the phasing line 
contributes about %VI wavelength to the transmis-
sion line; when B is used on the second harmonic, 
this contribution is wavelength. Alternatively, the 
antenna ends ma % be bent to meet the tran-,,,i.sion line, 
in which case each feeder is simpl% conne,ted to one 
antenna. In D, points 1"-Y indicate a quarter-m ave point 
(high current) and N-N a half-wave point (high volt-
age). The line may be extended in multiples of quarter 
waves if resonant feeders are to be used. A, B and 
C may be suspended on wooden spreaders. The plane 
containing the wires should be parallel to the ground. 
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Matching the Antenna to the Line 

Except in the several cases of half-wavc 
antennas mentioned earlier, most antenna 
systems do not have center impedances that 
readily match open-wire lines or available 
solid-dielectric ones. However, any antenna 
can be matched to practically any line by any 
of the several means to be described. The 
matching is accomplished by first resonating 
the antenna to the proper frequency and then 
introducing either a matching transformer be-
tween the antenna and the line or by applying 
corrective stubs to the line. 

Fig. 10-71 — The "Q"antenna, using a quarter-wave im-
pedance-matching section with close-spaced conductors. 

An impedance mismatch of 10 or 20 per cent 
is of little consequence so far as power trans-
fer to the antenna is concerned. It is relatively 
easy to get the standing-wave ratio down to 
1.5- or 2-to- 1, a perfectly satisfactory condition 
in practice. Of considerably greater importance 
is the necessity for getting the currents in the 
two wires balanced, both as to amplitude and 
phase. If the currents are not the same at 
corresponding points on adjacent wires and 
the loops and nodes do not also occur at cor-
responding points, there will be considerable 
radiation loss. Perfect balance can be brought 
about only by perfect symmetry in the line, 
particularly with respect to ground. This 
symmetry should extend to the coupling ap-
paratus at the transmitter. 

In the following discussion of ways in which 
different types of lines may be matched to the 
antenna, a half-wave antenna is used as an ex-
ample. Other types of antennas may be 
treated by the same methods, making due 
allowance for the order of impedance that ap-
pears at the end of the line when more elabo-
rate systems are used. 

"Q"- Section Transformer 

The impedance of a two-wire line of ordinary 
construction (400 to 600 ohms) can be matched 
to the impedance of the center of a half-wave 
antenna by utilizing the impedance-transform-
ing properties of a quarter-wave line, Equation 
10-B. The matching section must have low 
surge impedance and therefore is commonly 
constructed of large-diameter conductors such 
as aluminum or copper tubing, with fairly-
close spacing. This system is known as the "Q" 

antenna. It is shown in Fig. 10-71. Important 
dimensions are the length of the antenna itself, 
the length of the matching section, B, the 
spacing between the two conductors of the 
matching section, C, and the impedance of 
the untuned transmission line connected to 
the lower end of the matching section. 
The required characteristic impedance for 

the matching section is 

Z. = VZ1Z2 (10-B) 
where Z1 and Z2 are the antenna and feedline 
impedances. • 

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 = 1/43,200 
= 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. 
10-14. With 3'-inch tubing, the spacing 
should be 1.5 inches for an impedance of 208 
ohms. 
The length of the matching section, B, 

should be equal to a quarter wavelength, and 
is given by Equation 10-G. The length of the 
antenna can be calculated from Equations 10-1 
or 10-J. 

This system has the advantage of the sim-
plicity of adjustment of the 75-ohm feeder 

Shorey 

Fig. 10-72 — Antenna systems with quarter-wave open-
wire linear impedance-matching transformers. 

system and at the same time the superior in-
sulation of an open-wire system. 

Linear Transformers 

Fig. 10-72 shows two methods of coupling a 
nonresonant line to an antenna through a 
quarter-wave linear transformer or matching 
section. In the case of the center-fed antenna, 
the free end of the matching section, B, is open 
(high impedance) if the other end is connected 



370 CHAPTER 10 

to a low-impedance point (current loop) on the 
antenna. With the end-fed antenna, the free 
end of the matching section is closed through 
a shorting bar or link; this end of the section 
has low impedance, since the other end is con-
nected to a high-impedance point on the 
antenna. 
When the connection between the matching 

section and the antenna is unbalanced, as in 
the end-fed system, it is important that the 
antenna be the right length for the operating 
frequency if a good match is to be obtained. 
The balanced center-fed system is less critical 
in this respect. The shorting-bar method of 
tuning the center-fed system to resonance may 
be used if the matching section is extended to 
a half-wavelength, bringing a current loop at 
the free end. 

In the center-fed system, the antenna and 
matching section should be cut to lengths 
found from Equations 10-I, 10-N and 10-P. 
Any necessary on-the-ground adjustment can 
be made by adding to or clipping off the open 
ends of the matching section. In the end-fed 
system the matching section can be adjusted 

Sending End X -ea 

Fig. 10.73 — When antenna and transmission line differ 
in impedance, they may be matched by a short length 
of transmission line, 1, called a stub. Determination of 
the critical dimensions, X and Y, for proper matching 
depends on whether the stub is open or closed at the end. 

by making the line a little longer than neces-
sary and adjusting the system to resonance 
by moving the shorting link up and down. 
Resonance can be determined by exciting the 
antenna at the proper frequency from a 
temporary antenna near by and measuring 
the current in the shorting bar by a low-range 
r.f. ammeter or galvanometer using one of the 
devices of this type described in the chapter on 
measurements. The position of the bar should 
be adjusted for maximum current reading. This 
should be done before the transmission line is 
attached to the matching section. 
The position of the line taps will depend 

upon the impedance of the line as well as on the 
antenna impedance at the point of connection. 
The procedure is to take a trial point, apply 
power to the transmitter, and then check the 
transmission line for standing waves. This can 
be done by measuring the current in, or voltage 
along, the wires. At any one position along the 
line the currents in the two wires should be 
identical. Readings taken at intervals of a 

&myth of 

shorted stub 

Distance from 
  current node _ 

measured 
towaidsendingend 

.02 .04 .06 .08 .10 .12 .14 .16 .18 .20 .22 24 .26 

LENGTH IN WAVELENGTHS 

Fig. 10-71— Graph for determining position and length 
of a shorted stub. Dimensions may be converted to linear 
units after value have been taken from the graph. 

quarter wavelength will indicate whether or 
not standing waves are present. 

It will not usually be possible to obtain 
complete elimination of standing waves when 
the matching stub is exactly resonant, but the 
line taps should be adjusted for the smallest 
obtainable standing-wave ratio. Then a further 
"touching up" of the matching-stub tuning 
will eliminate the remaining standing waves, 
provided the adjustments are carefully made. 
The stub must be readjusted, because when 
resonant it exhibits some reactance as well as 
resistance at all points except at the ends, and 
a slight lengthening or shortening of the stub 
is necessary to tune out this reactance. 

Matching Stubs 

The operation of the quarter-wave matching 
transformer of Fig. 10-72 may be considered 
from another — and more general — view-
point. Suppose that section C is looked upon 
simply as a continuation of the transmission 
line. Then the "free" end of the transformer 
becomes a "stub" line, shunting a section of 
the main transmission line. From this view-
point, matching the line to the antenna be-
comes a matter of selecting the right type and 
length of stub and attaching it to the proper 
spot along the line. 

Referring to F'ig. 10-73, at any distance (X) 
from the antenna, the line will have an imped-
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Fig. 10-75 — 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. 
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atice that may be considered to be made up 
of reactance (either inductive or capacitive) 
and resistance, in parallel. The reactive com-
ponent can be eliminated by shunting the line 
at distance X from the antenna with another 
reactance equal in value but opposite in sign 
to the reactance presented by the line at that 
point. If distance X is such that the line pre-
sents an inductive reactance, a corresponding 
shunting capacitive reactance will be required. 
The required compensating reactance may 

be supplied by shunting the line with a stub 
cut to proper length, Y. With the reactances 
canceled only a pure resistance remains as a 
termination for the remainder of the line be-
tween the sending end and the stub, and this 
resistance can be adjusted to match the 
characteristic impedance of the line by ad-
justing the distance X. 

Distances X and Y may be determined 
experimentally, but since their values are 
interdependent the cut-and-try method is 
somewhat laborious. If the standing-wave 
ratio and the positions of the current loops and 
nodes can be measured, the length and position 
of the stub can be found from Figs. 10-74 and 
10-75. 

While it is relatively easy to locate the posi-
tion of the current (or voltage) loops and nodes 
by examining the line with a neon bulb, r.f. 
galvanometer, or pick-up loop and crystal de-
tector, other means are more direct for deter-
mining the standing-wave ratio. Several de-
vices of this type are described in Chapter 

Sixteen, and the use of these also affords a sim-
ple method for determining the location of 
current loops (voltage nodes). With the meter 
or indicator in the line near the transmitter, 
points will be found on the transmission line 
where touching the line with a screwdriver will 
have a minimum effect on the meter indica-
tion. These points correspond to voltage nodes. 
Once the standing-wave ratio is known, the 

length and position of the stub, in terms of 
wavelength, can be found directly from Figs. 
10-74 and 10-75. The wavelength in feet for 
any frequency can be found from Equation 
10-0. 

Measuring Standing Waves 

In adjusting a "Q-match" or linear trans-
former, or a delta or "T"-match to an antenna, 
one of the standing-wave indicators described 
in Chapter Sixteen should be used. If 300-ohm 
Twin-Lead is used, the simple " twin-lamp" 
indicator is the most convenient and the sim-
plest to use. For lines of other impedance, or 
for coaxial line, the Micro-Match type or the 
bridge type should be used. In any event, the 
absolute value of standing-wave ratio is not 
as important as the proper adjustment for a 
minimum ratio, since ratios of 1.5-to-1 or less 
represent good amateur practice. 
Where two-wire lines are used, the standing-

wave-ratio indicator should give the same 
reading regardless of the polarity of the trans-
mission line — any discrepancy indicates an 
unbalance in the line. 

Directive Arrays with Parasitic Elements 

Parasitic Excitation 

The antenna art ays 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-
ship to achieve the desired effect. These ele-
ments are called parasitic elements, as con-
trasted to the driven elements which receive 
povver directly from the transmitter through 
the transmission line. They are widely used to 
give additional gain and directivity to simple 
antennas. 
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) and, particularly 
when the element is self-resonant, upon the 
spacing between it and the antenna'. 
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Fig. 10-76 — Gain vs. element spacing for an antenna 
and one parasitic element. The reference point, 0 db., is 
the field strength from a half-wave antenna alone. The 
greatest gain is in direction A at spacings of less than 
0.14 wavelength, and in direction B at greater spacings. 
The front-to-back ratio is the difference in db. between 
curves A and B. Variation in radiation resistance of the 
driven element also is shown. These curves are for a self-
resonant parasitic element. At most spacings the gain as 
a reflector can be increased by slight lengthening of the 
parasitic element: the gain as a director can be increased 
by shortening. Th is also improves the front-to-back ratio. 
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Gain vs. Spacing 

The gain of an antenna-reflector or an an-
tenna-director combination varies chiefly with 
the spacing between the elements. The way in 
which gain varies with spacing is shown in 
Fig. 10-76, for the special case of self-resonant 
parasitic elements. This chart also shows how 
the attenuation to the "rear" varies with spac-
ing. The same spacing does not necessarily give 
both maximum forward gain and maximum 
backward attenuation. Backward attenuation 
is desirable when the antenna is used for re-
ceiving, since it greatly reduces interference 
coming from the opposite direction to the de-
sired signal. 

Element Lengths 

The antenna length is given by the formula 
for a half-wavelength antenna. The director 
and reflector lengths must be determined ex-
perimentally for maximum performance. The 
preferable method is to aim the antenna at a 
receiver a mile or more distant and have an 
observer check the signal strength (on the re-
ceiver S-meter) while the reflector or direc-
tor is adjusted a few inches at a time, until the 
length which gives maximum signal is found. 
The attenuation may be similarly checked, the 
length being adjusted for minimum signal. In 
general, for best front-to-back ratio the length 
of a director will be about 4 per cent less than 
that of the antenna. The reflector will be about 
5 per cent longer than the antenna. 
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Fig. 10-77 — lialf-mave antennas with parasitic ele-
ments. A, u ¡ Eh director; B, with reflector; C, with both 
director and reflector; D, two directors and one reflector. 
Gain is approximatel as shown by Fig. 10-76, in the first 
two cases, and depends upon the spacing and length of 
the parasitic element. In the three- and four-element 
arras s a reflector spacing of 0.11 ‘savelength will 
give slightly more gain than 0.1.. avelength spacing. 
Arrows show the direction of maximum radiation. 

Simple Systems: the Rotary Beam 

Four practical combinations of antenna, 
reflector and director elements are shown in 
Fig. 10-77. Spacings which give maximum gain 
or maximum front-to-back ratio (ratio of 
power radiated in the desired direction to 
power radiated in the opposite direction) may 
be taken from Fig. 10-76. In the chart, the 
front-to-back ratio in db. will be the sum of 
gain and attenuation at the same spacing. 

Systems of this type are popular for rotary-
beam antennas, where the entire antenna sys-
tem is rotated, to permit its gain and directiv-
ity 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. 

Arrays using more than one parasitic ele-
ment, such as those shown at C and D in Fig. 
10-77, will give more gain and directivity than 
is indicated for a single reflector or director 
by the curves of Fig. 10-76. The gain with a 
properly-adjusted three-element array (an-
tenna, director and reflector) will be 5 to 7 
db. over a half-wave antenna. Somewhat higher 
gain still can be secured by adding a second 
director to the system, making a four-element 
array. The front-to-back ratio is correspond-
ingly improved as the number of elements is 
increased. 
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 
usually is quit e 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 as low as 6 or 8 ohms, so that 
ohmic losses in the conductor can consume an 
appreciable fraction of the power. Low radia-
tion resistance means that the antenna will 
work over only a small frequency range with-
out retuning unless large-diameter conductors 
are used. In addition, the antenna elements 
should be rigid because if t hey are free to move 
wit h respect to each other, t he array will tend 
to show troublesome detuning effects- under 
windy conditions. 

Feeding Close-Spaced Arrays 

While any of the usual methods of feed may 
be applied to the driven element of a parasitic 
array, the fact that, with close spacing, the 
radiation resistance as measured at the center 
of the driven element drops to a very low value 
makes some systems more desirable than others. 
The preferred methods are shown in Fig. 
10-78. Resonant feeders are not recommended 
for lengths greater than a half-wavelength. 
The quarter- or half-wave matching stubs 

shown at A and B in Fig. 10-78 preferably 
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Fig. 10-78 — Recommended method, of feeding the 
driven antenna element in close --j.. parasitie arrajs. 
The parasitic element, are not shoo o. A, quarter-1n ave 
open stub: B, half-% a% e closed - tub: C, concentric-line 
quarter-is ave matching section: delta matching 
transformer; E, "T" matching transformer. Adjustment 
details are discussed in the text. 

should he constructed of tubing with rather 
close spacing, in the manner of the " Q" sec-
tion. This lowers the impedance of the match-
ing section and makes the position of the 
line taps somewhat less difficult to determine 
accurately. The line adjustment should be 
made only with the parasitic elements in 
place, and after the correct element lengths 
have been determined it should be checked to 
compensate for changes likely to occur because 
of element tuning. 
The concentric-line matching section at C 

will. work with fair accuracy into a close-spaced 
parasitic array of 2, 3 or 4 elements without 
necessity for adjustment. The line is used as 
an impedance-inverting transformer, and, if 
its characteristic impedance is 70 ohms (RG-
11/1j), 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 Equation 10-G. 
The delta matching transformer shown at I) 

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, 6, by 
checking the standing-wave ratio oit the line 
as adjustments are made. Dimension b should 
be about 15 per cent longer than a. 
The system shown at E (" T"-match) re-

sembles the delta match in principles of opera-
tion. It has the advantage that, with close 
spacing between the two parallel conductors, 
line radiation from the matching section is 
negligible whereas radiation from a delta may 
be considerable. It is adjusted by moving the 
shorting bars, keeping them equidistant from 
the center, until there are no standing waves 
on the line. The matching section may be made 
of the same type of conductor used for the 
driven element and spaced a few inches from it. 
The " folded-dipole" type of antenna may 

be used as the driven element of a close-
spaced parasitic array to secure an impedance 
step-up to the transmission line and also to 
broaden the resonance curve of the antenna. 
The folded dipole consists of two or more 
half-wave antennas connected together at the 
ends with the feeder connected to the center of 
only one of the antennas. 'The spacing be-
tween the parallel antennas should be small — 
of the order of the spacing used between wire.; 
of a transmission line. The current in the sys-
tem divides in approximate proportion to the 
areas of the conductors, resulting in an im-
pedance step-up at the input terminals. With 
two similar conductors (equal areas) the im-
pedance step-up is 4-to- I; if there are three 
similar conductors (or if the one not connected 
to the transmission line has twice the diameter 
of the other) the step-up is 9-to- 1; if the ratio 
of the areas is 3-to-1 the step-up is 16-to- 1, and 
so on. Thus if a 3-conductor dipole (all conduc-
tors the same diameter) is used as the driven 
element of a four-element parasitic array the 
center impedance of approximately 8 ohms is 
multiplied by 9 and appears as approximately 
72 ohms at the input terminals. Such a system 
therefore can be fed directly from a 70-ohm 
line with no additional means for matching. 

Fig. 10-80 shows the impedance step-up 
obtained in a folded dipole when conductors of 
different sizes are used. 

Sharpness of Resonance 

I'eak 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 
frequency range over which optimum results 
can be secured is only of the order of 1 or 2 
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(A) 

ALTERNATIVE METHOD 
OF SUSPENSION 

Pivoted to rotate 

Allow enough slack 
for 180erotation 

Diameter = 
lz diameter of 

upper conductor 

Fig. 11479 — Some suggested antenna s - terns. A — 
Simple bidirectional rotatable end-fire array using 

-wave spacing between out-of-phase elements. It is 
suitable for either 14 or 28 Mc. and can be hand-rotated. 
It can also he suspended from the halyard holding 
another antenna, as suggested in the lower drawing. B — 
Folded dipole using 300-ohm Tu in-Lead for both an-
tenna and feeder. The junction at the center is made 
by opening one conductor of the antenna section and 
soldering to the feeder leads. The joint may he made 
mechanically firm by heating the dielectric with a 
soldering iron, using extra bits of dielectric for a good 
bond. C An end-fire array for use st here space is 

Sleeves for 
adjustment of 

length 

70-ohm feeder 

(D) 

Straps 

limited. The ends of the two half-wave elements are 
folded to meet at all in-dilator in the center. The antenna 
may be made - till - liiirter by increasing the spacing: 
spacings tip to ,1 st as'length may be used. I) — Pipe-
assembly three-element beam ("plumber's delight") 
uith folded-dipole driven element. Because all three 
elements are at the same r.f. potential at their centers 
it is possible to join them electrically as well as mechani-
cally with no effect on the performance. Provision is 
made for adjusting the element lengths for optimum 
performance at a given frequency. E — An extension of 
the folding principle shown in C. The collinear in-phase 
elements give additional gain and directivity. F — End-
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NOTE: Wood spreader should 
be tied at center to maintain 
spacing 

Use wood spreader at 
center as well as ends 

A 

, 
At least to ground 

2 À 

About 27rá 

(H) 

Lightweight 
spacers 

300— ohm 
Twin-Lead 

fire array with extended double-Zepps. This antenna 
should give a gain of about 7 db. in the direction per-
pendicular to the line of the antenna. G — An 8-element 
array combining broadside, end-fire and collinear ele-
ments. The gain of an antenna of this type is about 10 
db. This antenna also can be used at half the frequency 
for which it is designed. H — A three-quarter wave-
length folded antenna offers a fairly-close match for a 
500- or 600-ohm open-wire line. Its pattern is quite 
similar to a half-wavelength antenna. Note that, unlike 
the half-wavelength folded dipole, the far side is open 
at the center. I — Using two half-wave antennas at right 
angles to change direction. With the three feeders indi-

(E) 

Stand— 
off 

(F) 

Insulator 
wired to wood 

spreader 

I Feeder 

SUGGESTED CONSTRUCTION 
AT CENTER 

for E — — G 

(G) 

cated, either antenna alone can be fed as a Zepp and will 
radiate best perpendicular to its direction. By feeding 
the two together, leaving the third feeder wire idle, the 
optimum direction is the bisector of the angle between 
the wires. This system is most useful at high frequencies. 

In these drawings, wavelength dimensions on con-
ductors refer to lengths calculated for the conductor size 
as described in Equation 10-J. Dimensions between 
elements are free-space dimensions. 
The feeders to the various directive systems in A, G, 

E, F and G must be tuned if used as shown. For one-
band operation, matching stubs may he attached to the 
feeders if a matched line is desired. 
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Fig. 10-80 — Nomogram for computing impedance 
s ep-up in a folded dipole with dissimilar conductors. 
'Ile line at the left is the ratio of conductor diameters, 
and the line at the right is the ratio of conductor spacing 
(center-to-center) to the driven-element radius. The 
solid slanting line is the impedance step-up ratio. Laying 
a straightedge between any two known quantities will 
give the value of the third: 

Example: Find the diameter of the large con-
ductor when the driven-element diameter is 0.5 
inch. line impedance 300 ohms, antenna im-
pedance 40 ohms, and spacing 1.75 inches. 
Impedance step-up required = 300/40 = 7.5 
Spacing-to-element-radius ratio = 1.75/0.25 
= 7 

Laying a straightedge across the figure (dashed 
line), ratio of conductor diameters = 2.3 

Diameter of large conductor = 2.3 X 0.5 = 
1.15 inches 

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 some 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 parase lc 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 
quarter-wave spacing for the parasitic ele-
ments, would be estimated as follows: From 
Table 10-IV, the gain of four collinear elements 
is 4.5 db. with half-wave spacing; from Fig. 
10-66 or Tat* 10-V, the gain of two broadside 
elements at half-wave spacing is 4.0 db.; from 
Fig. 10-76, 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 using two sets of elements in 
broadside is equivalent to using t wo elements, so 
far as gain is concerned; similarly with sets of 
reflectors, as against one antenna and one re-
flector. 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 tu ut t lie 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 same 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 the wire, the more 
energy it abstracts from the wave. Because of 
the high sensitivity of modern receivers, a 
large antenna is not necessary for picking up 
signals at good strength. An indoor wire only 
15 to 20 feet long will serve at frequencies 
below the v.h.f. range, although a longer wire 
outdoors is 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-
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Fig. 10-81 — Antenna-switching arrangements for various types of antennas and coupling systems. A — For tuned 
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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 seleeting 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 feedline from the an-
tenna should be balanced so that it will not 
pick up signals and destroy the directivity. 

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. 
10-81. If coaxial line is used, the use of a 
coaxial relay is recommended, although on the 
lower-frequency bands a regular switch or 
change-aver 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 dielect ric loss 
and surface leakage, particularly when \vet. 

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 resonant two-wire feeder, 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 
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 
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Fig. 10-82 — Details ola simple 40-foot "A"-frame mast 
suitable for erection in locations where space is limited. 

from one chimney to another or from a chim-
ney to a tree. Small trees usually are not satis-
factory as points of suspension for the antenna 
because of their movement in windy weather. 
If 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. 

• "A"-FRAME MAST 
The simple and inexpensive mast shown in 

Fig. 10-82 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 
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 -I›, the height may 
be extended up to about 50 feet. The 2 X 2 is 
too flexible to be satisfactory af such heights. 

• SIMPLE 40-FOOT MAST 
The mast shown in Fig. 10-83 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-

TOP GINS 

CENTER GUYS 

Fig. 10-83— A simple 
and sturdy mast for 
heights in the vicinity 
of 40 feet, pivoted at 
the base for easy erec-
tion. The height can 
he extended to 50 feet 
or more by using 2 x 
Is instead of 2 x 3s. 
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Fig.10-84 —"'r-section mast made 
of overlapping 2 X 4s or 2 X 68. 

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. 

• "T"-SECTION MAST 
A type of mast suitable for heights up to 

about 80 feet is shown in Fig. 10-84. The mast 
is built up by butting 2 X 4 or 2 X 6 timbers 
flatwise against a second 2 X 4, as shown at 
A, with alternating joints in the edgewise and 
flat wise sections. The construction 
can be carried out to greater 
lengths simply by continuing the 
20-foot sections. Longer or shorter 
sections may be used. 
The method of making the 

joints is shown at C. Quarter-inch 
or h6-inch iron, 1 to 2 inches 
wide, is recommended for the 
straps, with -inch bolts to hold 
the pieces together. One bolt 
should be run through the pieces 
midway between joints, to provide 
additional rigidit y. 

Although there are many ways 
in which such a mast can be se-
cured at the base, the " cradle" 
illustrated at D has many ad-
vantages. Heavy timbers set firmly 
in the ground, spaced far enough 
apart so the base of the mast will 
pass between them, hold a large 
carriage bolt or steel bar which 
serves as a bearing. The bolt goes 
through a hole in the mast so that 
it is pivoted at the bottom. 
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egoit thou both 
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Half of the guys can be put in place and 
tightened up before the mast leaves the ground. 
Four sets of guys should be used, one in front, 
one directly in the rear, and two on each side 
at right angles to the direction in which 
the mast will face. A set of guys should be 
used at each of the joints in the edgewise sec-
tions, the guy wires being wrapped around 
the pole for added strength. 

For heights up to 50 feet, 2 X 4-inch mem-
bers may be used throughout. For greater 
heights, use 2 X 4s for the edgewise sections; 
2 X 6-inch pieces will do for the flat sections. 

• POLE AND TOWER SUPPORTS 
Poles, which often may be purchased at a 

reasonable price from the local telephone or 
power company, have the advantage that they 
do not require guying unless they are called 
upon to carry a very heavy load. The life of 
a pole can be extended many years by proper 
precautions before erecting, and regular main-
tenance thereafter. 

Before setting the pole, it should be given 
four or five coats of creosote, applying it 
liberally so it can soak into and preserve the 
wood. The bottom of the pole and the part 
that will be buried in the ground should have 
a generous coating of hot pitch, poured on 
while the pole is warm. This will keep termites 
out and prevent rotting. 
The pole should be set in the ground four to 

eight feet depending upon the height. It is a 
good idea to pour concrete around the bottom 
three feet of the base, packing the rest of the 
excavation with soil. The concrete will help 
hold the pole against strong winds. After filling 
the hole with dirt, a stream from a hose should 
be played on the dirt slowly for several hours. 
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Fig. 10-85 — This type of mast may be carried to a height of fifty feet 
or more. No guy wires are required. 
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This will help to settle the soil quickly. 
If desired, the pole may be extended by the 

arrangement shown in Fig. 10-85. Three 2 X 4s 
are required for the top section, two being 
18 feet long and one 10 feet long. The 10-foot 
section is placed between the other two and 
bolted in place. A half-inch hole should be 
bored through the pole about 2 feet from its 
top and through both 18-foot 2 X 4s about 5 
feet from their bottom ends, which are spread 
apart to fit the top of the pole. The bottom end 
of the extension-is then hauled up to the top of 
the pole and bolted loosely so that the section 
ean be swung up into place by the leverage of 
another 2 X 4 temporarily fastened to the 
section, as shown in Fig. 10-85. 

Lattice towers built of wood should be 
assembled with brass screws and casein glue, 
rather than with nails which work loose in a 
short time. A tower constructed in this manner 
will give trouble-free service if treated with a 
coat of paint every year. 

In *painting outside structures, use pure 
white lead, thinned with three parts of pure 
linseed oil to one part of turpentine, for the 
first coat on new wood. The use of a drier is 
not recommended if the paint will possibly dry 
without it, since it may cause the paint to peel 
after a short time. For the second and third 
coats pure white lead thinned only with pure 

Hoe here w/th piers 

Fig. 10-86— Utling a lever for its isting heavy guy wires. 

linseed oil is recommended. Plenty of time for 
drying should be allowed between coats. White 
paint will last fifty per cent longer than any 
colored paint . 

• 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 he sufficient in most cases. These 
should run to the rear of the mast about 100 
degrees apart to offset the pull of the antenna. 
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Fig. 10-87 — 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. 

Intermediate guys should be used in sets of 
t bree, 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 assureslhat when the pole is 
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 cut 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 insulat or 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. 10-86 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 insulat or, 
given a single turn by hand, and then held with 
a pair of pliers at the point shown in the 
sketch. By passing the 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 
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suffice. Additional bracing will be pro-
vided by using two pipes, as shown in 
Fig. 10-87. 

• HALYARDS AND PULLEYS 
Halyards or ropes atel pulleys are im-

portant items in the antenna-supporting 
system. Particular attention should be 
directed toward the choice of a pulley 
and halyards for a high mast since re-
placement, once the mast is in position, 
may be a major undertaking if not en-
tirely impossible. 

Galvanized-iron pulleys will have a life 
of only a year or so. Especially for 
coastal-area installations, marine-type 
pulleys with hardwood blocks and bronze 
wheels and bearings should be used. 
An arrangement that has certain advan-

tages over a pulley when a mast is used is 
shown in Fig. 10-88. In case the rope breaks, it 
may be possible to replace it by heaving a line 
over the brass rod, making it unnecessary to 
climb or lower the pole. 
For short antennas and temporary installa-

tions, heavy clothesline or window-sash cord 
may be used. However, for more permanent 
jobs, .34-inch or 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. 

• BRINGING THE ANTENNA OR 
FEEDLINE INTO THE STATION 

The antenna or transmission line should be 
anchored to the outside wall of the building, as 
shown in Fig. 10-89, 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 

vi-
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Fig. 10-88 — This device mu-lm easier than a pulley to 
-rethread- when the rope breaks. 
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Fig. 10-89 — A — Anchoring feeders takes the strain from feed. 
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. 

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 

Sill 

Lead-in 
panel 

• 
Fig. 10.90 — An antenna lead. 
in panel may he placed over 
the top sash or under the 
lower sash of a sindo.. :. eal-
ing the overlapping joint will 
help make it weatherproof. 

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 
gaskets will render the holes waterproof. The 
lower sash should be provided ‘vith stops to 
prevent damage when it is raised. If the win-
dow has a full-length screen, the scheme shown 
in Fig. 10-8913 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. 10-90, and 
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Fig. 10-91 — Low-loss ligl tning arresters for transmit-
ting-antenna installations. 

covering the opening between sashes with a 
sheet of soft rubber from a discarded inner tube. 

• LIGHTNING PROTECTION 
An ungrounded radio antenna, particularly 

if large and well elevated, is a lightning haz-
ard. When grounded, it provides a measure of 
protection. Therefore, grounding switches or 
lightning arresters should be provided. Exam-
ples of construction of low-loss arresters are 
shown in Fig. 10-91. At A, the arrester elec-
trodes 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 dur-
ing 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 be able to shift 
the direction of a beam antenna at will, thus 
securing the benefits of power gain and direc-
tivity in any desired compass direction. A 
favorite method of doing this is to construct 
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 

Fig. 10-92 — Easily-built supporting structure for hori-
zontal rotary beams. Made chiefly of 1 X 2" wood 
strip, it is strong yet lightweight. Antenna elements are 
supported on stand-off insulators on the arms, E. 'I'he 
length of the D sections will depend upon the element 
spacing, while the length of the E sections and the . pac-
ing between the D sections should be % to ¡¡ the length 
of the antenna elements. 

structure size is to be kept within practicable 
bounds. For the 14- and 28-Me, 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 Chapter Fourteen. 
The problems in rotary-beam construction 

are those of providing a suitable mechanical 
support for the antenna elements, furnishing 
a means of rotation, and attaching the trans-
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 
E the elements, and t hin-walled cor-

rugated steel tubes with copper 
coating also are available for this 

purpose. The elements frequently are con-
structed of sections of telescoping tubing, 
making length adjustments for tuning quite 
easy. Electricians' thin-walled conduit also is 
suitable for rotary-beam elements. 

If steel elements are used, special precautions 



ANTENNAS AND TRANSMISSION LINES 383 

Fig. 10-93 — A ladder-supported 3-element 28.M,. 
beam. It is mounted on a pipe ma,I that projects 
through a bearing in the roof and i, turned from the 
attic operating room. (WIMIIK in August. 1946, QS7'.) 

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 
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 but sometimes 
of metal, using as lightweight construction as 
is consistent with the required strength. Gen-
erally, 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 ex-
cessive sag, and it must have sufficient 
strength to stand up under the maximum 
wind in the locality. The design of the 
frame will depend chiefly on the size of 
the antenna elements, whether they an 
mounted horizontally or vertically, and 
the method to be employed for rotating 
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. 
An easily-constructed supporting frame for 

a horizontal array is shown in Fig. 10-92. It may 
be made of 1 X 2-inch lumber, preferably oak, 
for the center sections B, C, and D. The outer 
arms, E, and cross braces, F, may be of white 
pine or cypress. The square block, A, at the 

center supports the whole structure and may 
be coupled to the pole by any convenient 
means which permits rotation. Alternatively, 
the block may be firmly fastened to the pole 
and the latter rotated in bearings affixed to 
the side of the house. 

Another type of construction is shown in 
Fig. 10-93, with details in Figs. 10-94 and 10-
95. This method, suitable for 28- Mc. beams, 
11-,— a section of ordinary ladder as the main 
tipport, with crosspieces tó hold the tubing 
antenna elements. Fig. 10-94 also indicates a 
method of adjusting the lengths of the parasitic 
elements and bringing the transmission line 
down through the supporting pole from a 
delta match. The latter is especially adapted 
to construction in which the pole rather than 
the framework alone is rotated. 

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. The antenna of Fig. 10-79D shows 
one example of such construction. 

Generally it is not practicable to support the 
elements of a 14-Mc, beam by a single-piece 
boom, because the size of the elements re-
quires a stronger structure. However, by 
making use of tubing or duraluminum angle, a 
lightweight support for a 20-meter antenna 
can be built. The four-element beam shown in 

Pg. 10-94— Top-view drawing of the ladder support 
and mounted elements. Lengths of director and re-
flector are adjusted by means of the shorting bars on 
the small stubs at the center. The drawing also shows a 
method for pulling off the wires of a delta match and 
feeding 300-ohm T% in-Lead transmission line through 
the pipe support. 
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Figs. 10-96, 10-97 and 10-98 
is an example. It uses 1%- Siand-df 
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 con-
siderably the problem of 
supporting the beam. 
The following aluminum pieces are required: 

4 — 1-inch diameter tubing, 12 feet long, 
%6-inch wall 

8 — %-inch diameter tubing, 12 feet long, 
inch wall. Must fit snugly into 1-inch 

• tubing. 
2 — 13/t-inch angle, 21 feet long 
2 — 3%-inch angle, 21 feet long 
4 — 1-inch angle, 1 foot long 
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 prie(.s, if not di-
rectly from t In manufacturer. If the sections of 
the àements do not fit snugly, insert shims or 

Fig. 10-96 — A four-element 14-Mc, beam of light-
,.eight construction. Fed by coaxial cable and 
hand-rotated, the antenna and bo lllll assembly u eighs 
onl 40 pounds (10161J, Dee., 1947, QST.) 

0 ELEMENT 
MOUNTING CLIP 

G Element 

DETAIL OF ELEMENT SUPPORTS  

fkrx 7' 
E = Separating blocks of 2-xesanie width 05 F 
F. snie members of radder 

Fig. 10-95 — Detail of element supports for the ladder beam. 

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. 10-97A, two 1 %-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 sparers are also placed under eaeh ele-
ment NVIIVIV 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. 10-97B the spacers are recommended. 
The cross braces shown in Fig. 10-98 are put 

into position at the very last, after the beam 
is hung in position on the central pivot, situp 
they offer a means for truing up minor sag in 
the elements. 
The vent ral pivot consists of st met ure made 

from %-in(h angle iron and -inch pipe, as 
shown in Fig. 10-97C. 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 sinell pipe is 
drilled for the coaxial line that is fed through 
this pipe. The pinion gear on the -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 V-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 bol) attached to 
t he shaft of t he steering wheel serves as a di-

i Ii A tonall cardboard scale 
mounted itloiig 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. 
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Fig. 10-97 — 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 IL and C shows the construction of the central pivot. 
A discarded-forge blower gear train is used to drive the assembly. 

With all-metal construction, delta match 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 for 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. 10-99 and 10-100 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. 

Fig. 10-98 — The boom for the 4-element beam is cross-
braced at two boints, about 6! feet in from the ends. 

Fig. 10-99 — A wooden boorn 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 doun on the 
tower. (W6MJB, Nov., 1947, QS7'.) 

• 
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Fig. 10-100 —  Details of the wooden boom, its method of support and the 
construction of the slip rings. 

The crossarms are 3 X 3s twelve feet long, 
bolted to the boom with carriage bolts. 
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, the elements will be parallel and 
neat, and weaving in the wind will be elimi-
nated. 
The elements are 1%- and 1 3/2-inch diameter 

duralumin tubing, supported by 1 M-inch 
stand-off insulators. Hose clamps are used to 
hold the elements on the insulators. Final ad-
justment of element lengths is possible through 
"hairpin" loops. The tower, for the beam 
shown in Fig. 10-99, 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 

1M-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. 10-100. 
One method of matching 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 
center block. A quarter-wave-
length matching section of trans-
mitting-type 75-ohm Amphenol 
Twin-Lead hangs in a loop be-
tween the driven element and 
the slip-ring contacts. 

Feeder Connections 

For beams that rotate only 
180 degrees, it is relatively sim-
ple 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 twist-
ing. Stops should be placed on 
the rotating shaft of the antenna 
so that the feeders cannot " wind 
up." This method also can be 
used with antennas that rotate 
the full 360 degrees, but again a 
stop is necessary to avoid jam-
ming the feeders. 
For continuous rotation, the 

sliding contact is simple and, 
when properly built, quite practicable. Mg. 
10-101 shows two methods of making sliding 
contacts. 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 keep-
ing rain off the contacts is a desirable addition. 
Sliding contacts preferably should be used 
with nonresonant open lines where the impe-
dance is of the order of 500 to 600 ohms, so that 
the 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 
the antenna and the other fixed in position, the 
two coils being arranged so that the coupling 
does not change when the antenna is rotated. 
Such an arrangement is shown in Fig. 10-102, 

di 
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hg. 10401 — Ideas in sliding contacts for rotatable antenna feeder 
connection to permit continuous rotation. The broad bearing surfaces take 
care of any ‘sobble in the rotating mast or driving shaft. 

• adapted to an antenna system in which the pole 
itself rotates. A quarter-wave feeder system is 
connected to a tuned pick-up circuit whose 
inductance is coupled to a link. In the drawing, 
the link coil connects to a twisted-pair trans-
mission line, but any type of line such 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 transmitter. 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 main-
tain constant coupling, the two coils should be 
quite rigid and the pole should rotate without 
wobble. The two coils might be made a part of 
the upper bearing assembly holding the rotat-
ing 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 ease the coupling can be varied by chang-
ing the L/C ratio in the tuned circuit. For 
mechanical strength the coils preferably should 
be made of 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 
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 homemade unit 
must be considered. Generally 
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 re-
quires a considerable gear re-
duction 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 go through 
nearly 360 degrees to bring the beam back to a 
direction only slightly different, 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 stationary 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 

feed- tin-a 
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Pia up supports 
resting on froun 
or stationary 
platform 

4A Feeder: 
to antenna center 

weatherproof 
hood rotatmy 
with poie 

Fig. 10-102 —  ( ne method of trans nission line—antenna 
system coupling which eliminates sliding contacts. The 
low-impedance line is link-coupled to a tuned line. 
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more accessible location (see Fig. 10-99). 
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 varn-
ish. 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 in-
stallation. 

The power and control loads to the rotator 
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 re-
duced by suitable filtering, but running wires 
in conduit is generally easier and more satis-
factory. Any r.f. in the wiring can sometimes 
be responsible for feed-back in a ' phone trans-
mitter. " Hash" from the motor is also reduced 
by shielding the wires, but it is often necessiiiy 
to install a small filter at the motor to reduce 
this source of interference. Motor noise appear-
ing 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 11 

About V.H.F. 
In the days when DX activity first bur-

geoned on our lower frequencies the assign-
ments above 30 Mc. were not too highly re-
garded. It was assumed that propagation on 
these frequencies was limited to distances only 
slightly beyond the visual horizon, and thus 
the bands allocated to amateurs in this region 
were used principally in areas where large 
concentrations of population brought hundreds 
of workers within local range of one another. 
In the early thirties activity boomed on 56 
Mc. in the larger cities of the United States, 
but there were few stations elsewhere. Use of 
frequencies higher than 60 Mc. was confined 
to a few experimentally-inclined amateurs here 
and there. 

In 1934, '35 and '36, new types of propaga-
tion were discovered by amateurs, and the op-
portunities for v.h.f. DX so brought to light 
caused a tremendous growth in activity, par-
ticularly in areas where it had not previously 
existed. Up to this time, practically all v.h.f. 
work had been done with the simplest sort of 
gear, mainly modulated-oscillator transmitters 
and superregenerative receivers; but when our 
available space began to fill with DX signals 
it became obvious that, if we were to realize 
anything like the possibilities inherent in this 
type of work, we must have improved tech-
niques, whereby more stations could be ac-
commodated •in a given area. Crystal-con-
trolled transmitters and superheterodyne re-
ceivers, permitting utilization of the 56-Mc. 
band on a scale comparable with that obtain-

ing on lower frequencies, became the order of 
the day, and by the end of 1938 stabilization 
of transmitters used on all frequencies up to 
60 Mc. became mandatory. Our 5-meter band 
had grown up! 
With the impetus of improved techniques, 

operating ranges on 56 Mc. grew by leaps and 
bounds. Meanwhile the use of the simplest 
form of equipment was transferred to the next 
higher band, then 112 Mc; and this band, in 
turn, took over the burden of heavy urban 
occupancy formerly carried by the 5-meter 
band. Soon our principal cities were teeming 
with 112-Mc, activity, and before long it was 
found that this band, too, had much of interest 
to offer. Even more than had been the case on 
56 Mc., it was found that weather conditions 
had a profound effect on 112-Mc, propagation, 
and before the close-down of amateur activity, 
at the entry of our country into the war, the 
record for 112-Mc, work had passed the 300. 
mile mark. There was a smattering of activity 
on the still higher frequencies of 224 and 400 
Mc. as well. 
During the war years the vast use of v.h.f., 

u.h.f. and s.h.f. equipment in countless war ap-
plications demonstrated that these frequencies, 
once thought to be almost useless, were of un-
told importance. In the postwar world the 
v.h.f. amateur need no longer apologize for his 
interests. His frequencies are among the most 
highly prized in the whole radio-frequency 
spectrum, and his is now regarded as one of 
the major fields of amateur endeavor. 

Propagation Phenomena 

A thorough understanding of the basic prin-
ciples of wave propagation, outlined in Chapter 
Four, is a most useful tool for the v.h.f. worker. 
Much of the pleasure and satisfaction to be 
derived from v.h.f. endeavor lie in making the 
best possible use of propagation vagaries result-
ing from natural phenomena. Contrary to the 
impression of many newcomers to the field, 
a working knowledge of v.h.f. propagation is 
not difficult of attainment. Below are listed the 
principal ways by which v.h.f. waves may be 
propagated over abnormal distances. 

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 were entering at the outbreak 
of war, the m.u.f. may reach 28 Mc. only dur-
ing 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 
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Fig. 11-1 — The principal means by which v.h.f. naves may be returned to earth. The F2 layer, highest of the known 
ionospheric layers, is capable of reflecting 5O- 1e. signals during the period around the peak of the 11-year solar 
cycle, and may support communication o% er ss orld.wide distances. Sporadic ionization of the E layer produces 
"short-skip" contacts at medium distances. It is a fairly frequent occurrence regardless of the solar cycle, but is 
most common in May through August. Refl.«  of v.h.f. waves also takes place at air-mass boundaries in the 
lower atmosphere, making possible reception of signals at distances up to 300 miles or more without a skip zone. 

instances of long-distance 50-Mc. work by this 
medium, and it is probable that F2 DX will be 
workable on 50 Mc. until about 1950. 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 
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 
the listener 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, will be roughly comparable to that on 
28 Mc., though the minimum distance is some-
what longer. Two-way work on 50 Me. by 

1 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 Documents. Washington 25, D. C.; $1.50 
per year. 

means of reflection from the F2 layer has been 
accomplished over distances ranging from 
2200 to 10,500 miles. The maximum frequency 
for F2 reflection is believed to be in the vicinity 
of 70 Me. 

Sporadic-E Skip 

Patchy concentrations of ionization in the 
E-layer region are often responsible for re-
flection of signals on 28 and 50 Me. 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 the early evening hours, 
but it may occur at any time or season. Since 
it is largely unpredictable, at our present state 
of knowledge, sporadic-E skip is of high " sur-
prise value." Multiple-hop effects may appear, 
when ionization develops simultaneously over 
large areas, making possible work over dis-
tances of more than 2500 miles. As far as is 
known, no 144-Mc. effects have yet been ob-
served, the known limit for sporadic-E skip 
being in the vicinity of 100 Mc. 

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, 50-Mc. signals may be 
reflected back to earth, making communication 
possible over distances not normally workable 
on this band. Magnetic storms may be accom-
panied by an aurora-borealis display, if the 
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disturbance occurs at inght 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 50-Mc, signals 
strongest, regardless of the true direction to 
the transmitting station. When the display is 
widespread there may be only a slight im-
provement noted when the 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 con-
centrated extensively in the region near the 
solar equator. 

Aurora-reflected signals are characterized by 
a rapid flutter, which lends a " dribbling" 
sound to 28-Mc. carriers and may render 
modulation on 50-Mc. signals completely un-
readable. The only satisfactory means of com-
munication then becomes straight e.w. The 
effect may be noticeable on signals from any 
distance other than purely local, and stations 
up to about 500 miles in any direction may be 
worked at the peak of the disturbance. Unlike 
the two methods of propagation previously 
described, aurora effect exhibits no skip zone. 
It has been observed, to date, only on the fre-
quencies up to about 60 Mc. 

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 50-Mc. 
signals from distances up to 1000 miles or 
more. Signals so reflected have a combination 
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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 an air-
mass boundary exists near the midpoint be-
tween two v.h.f. stations separated by 50 to 
300 miles or more, a considerable degree of 
refraetion 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-
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Fig. 11.2 — 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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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-
active. It is probable that this tendency con-
tinues 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 some-
day support communication over distances far 
in excess of the optical range. Already 144-Mc. 
communication by amateurs has passed the 
600-mile mark, and even greater distances 
are believed possible 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 ,e.lexption 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 (luring 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 set distance records 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 frequencies. 

V.H.F. Techniques 

Recognition of the value of the very-high 
frequencies has resulted in the development of 
many tubes and other components especially 
suited for use at these frequencies. Where, not 
so many years ago, it was necessary to remove 
the bases from available tubes, and otherwise 
cut down components designed for use at 
lower frequencies, we now have tubes and 
circuit components specifically designed for 
high-efficiency operation, not only on the v.h.f. 
bands, but on up through the microwave range. 
Examples of transmitting tubes especially made 
for v.h.f. work are shown in Fig. 11-3. 
The higher frequencies are rapidly becoming 

the primary field of interest for those amateurs 
who like to design and build their own equip-
ment. While there is an increasing tendency to 
the purchase of commercially-built equipment, 
both transmitting and receiving, for low-fre-
quency operation, most gear used for v.h.f. and 
higher bands is still a product of the amateur's 
own ingenuity. 

In the field of antenna design, too, the v.h.f. 
hands offer much to the amateur who is inter-

ested in experimental work. With their smaller 
physical size making for greater ease of con-
struction and adjustment, the development of 
high-gain directional antennas continues to 
occupy much of the time devoted by the v.h.f. 
enthusiast to experimental work. 

• TRANSMITTER DESIGN 
The use of crystal control, or its equivalent 

in stability, is standard for 50- Mc. work. The 
design of transmitters for this band differs 
hardly at all from that employed for lower 
amateur frequencies, except that much more 
care must be exercised in the selection of com-
ponent parts and their placement in the equip-
ment, in order to avoid more than the absolute 
minimum length in the connecting leads. Cus-
tomary procedure is to start with a crystal or 
variable-frequency oscillator, operating at 6, 8, 
or 12 Mc., and follow with such frequency-
multiplying stages as may be required to reach 
50 Mc. The power level is not particularly im-
portant, as interference is not a critical factor 
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in 50-Me. communication. Much good work 
has, in fact, been accomplished with power 
inputs under 100 watts and even stations in 
the 10-watt class are quite capable of working 
out well, particularly if equipped with well-
designed antenna systems. 
At 144 Mc. crystal control is becoming more 

popular daily. It is somewhat more difficult of 
attainment than at 50 Mc., but the construc-
tion of a crystal-controlled transmitter for 144 
Me. is not beyond the capabilities of the aver-
age amateur. The number of usable tube types 
is limited, however, and only those specifically 
designed for v.h.f. applications can be used 
successfully. Even with such tubes, great care 
must be exercised to keep leads and circuit 
capacitances down. Conventional coil-and-con-
denser combinations designed for lower fre-
quencies are generally unsatisfactory, and only 
well-designed tank circuits will operate effi-
ciently at this frequency. High power is seldom 
employed in 144-Mc, operation, most workers 
preferring to use high-gain antenna systems 
rather than high-powered transmitters, at this 
and higher frequencies. 

For 235 Mc. and higher, crystal control may 
he employed, and its use is desirable where 
possible, but the modulated-oscillator type of 
transmitter still bears the brunt of operation 
on 235 Mc., and is used almost exclusively for 
420 Mc. and higher. Since occupancy is rela-
tively low, the broader signals radiated by 
such equipment and the inefficiencies of the 
superregenerative receivers necessary to ac-
commodate them, are not major problems. 

• RECEIVER CONSIDERATIONS 
Even more than in work on lower frequen-

cies, a good receiver is all-important in the 
v.h.f. station. Though commercial receivers 
that cover the 50- Mc. band are slowly ap-
pearing on the amateur market, the most 
satisfactory and inexpensive solution to the 
receiver problem is still that of a converter 
that works into a communications receiver 
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Fig. 11-3 — Vacuum tubes designed especially for high. 
efficiency operation at very-high frequencies are now 
available for amateur use. Several such tubes are shown 
above, in comparison to typical low-frequency tubes, 
the 813 and V-70-D at the left. The v.h.f. types are the 
GL-592, 35TG, 24G, HY-75-A, all triodes; and the 
829-B, 11K-57, and 832-A, all tetrodes. 

designed for the lower frequencies. Such a com-
bination is almost certain to give better results 
on 50 Mc. than a complete receiver, unless the 
latter is designed especially for v.h.f. use... 

Converters are replacing the once-popular 
superregenerative receivers for 144-Mc, use 
also, particularly for fixed-station work in 
localities where the use of stabilized trans-
mitters has become more or less standard pro-
cedure. Many types of superhet receivers used 
for radar and aircraft service during the war 
are convertible to amateur use, and hundreds 
of such surplus units are now employed by 
amateurs working on 144 Mc. 
For portable or emergency use, where small 

size and low battery drain are important, the 
simple superregenerative receiver is still popu-
lar. For the number of tubes and parts re-1 
quired, it is still an efficient receiving system, 
especially in areas where there is not extensive 
activity. For frequencies higher than 148 Mc. 
it is still the principal receiving system, though 
the converter approach is practical for any 
frequency. To accommodate the broader sig-
nals generally found on these frequencies, a 
converter may be used in conjunction with a 
wide-band i.f. system, such as a receiver de-
signed for FM broadcast reception. 
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V.H.F. Receivers 
In its essentials most modern receiving 

equipment for the 28- and 50-Mc. bands differs 
very little from that used on lower frequencies. 
The 28-Mc. band serves as the meeting 
ground between what are ordinarily termed 
"communications frequencies" and the very-
highs, and it will be found that most of the 
receivers described in Chapter Five are capable 
of working on 28 Mc. In this chapter are de-
scribed receivers and converters capable of 
good performance on 50 Mc. and higher. 

Federal regulations impose identical re-
quirements on all frequencies below 54 Mc. 
respecting stability of frequency and, when 
amplitude modulation is used, freedom from 
frequency modulation. Thus receivers for 50-
Mc. AM reception may have the same se-
lectivity as those designed for the lower fre-
quencies. This order of selectivity is not only 
possible but desirable, since it permits a con-
siderable increase in the number of transmitters 
that can work in the band without undue 
interference. High selectivity also aids greatly 
in improving the signal-to-noise ratio, both as 
concerns noise originating in the receiver itself 
and in its response to external noise. The ef-
fective sensitivity of such a receiver can be 
made considerably higher than is possible with 
nonselective receivers. 

Superheterodynes for V.H.F. 

The superheterodyne system of reception is 
used almost universally on 50 Mc., and to a 
considerable extent on 144 Mc., because it is 
the only type that fulfills the stability, selectiv-
ity and sensitivity requirements. AM super-
heterodynes and those for FM reception differ 
only in the i.f. amplifier and second detector, 
so that a single high-frequency converter may 
be used for either AM or FM. 

Superheterodynes for 50 Mc. and higher 
should have fairly-high intermediate fre-
quencies to reduce both image response and 
oscillator " pulling." For example, a difference 
between signal and image frequencies of 900 kc. 
(the difference when the i.f. is 450 kc.) is a 
very small percentage of the signal frequency; 
consequently, the response of the r.f. circuits 
to the image frequency is nearly as great as to 
the desired frequency. To obtain discrimina-
tion against the image equal to that obtainable 
at 3.5 Mc. would require an i.f. 16 times as 
high, or about 7 Mc. However, the Q of tuned 
circuits is less in the v.h.f. range than it is at 
lower frequencies, chiefly because the tube 

loading is considerably greater, and thus still 
higher intermediate frequencies are desirable. 
A practical compromise is reached at about 10 
Mc., and the standard i.f. for converters and 
commercial v.h.f. receivers is 10.7 Mc. 
To obtain high selectivity with a reasonable 

number of i.f. stages, the double-superhetero-
dyne principle is often employed. A 10- Mc. in-
termediate frequency, for example, is changed 
to a second i.f. of perhaps 450 kc. by an addi-
tional oscillator-mixer combination. 
Few amateurs build complete 50- Mc. super-

heterodyne receivers. General practice in this 
band has been to use a conventional com-
munications receiver to handle the i.f. out-
put of a simple 50-Mc. frequency converter. 
Even an all-wave broadcast receiver may be 
used with excellent results on 50 Mc. by the 
addition of a relatively simple converter. 
The superheterodyne type of receiver is find-

ing increased favor for 144-Mc. work also, as 
the occupancy of that band increases. Espe-
cially in heavily-populated areas, stabilization 
of transmitters and an improvement in the 
selectivity of receivers are becoming almost 
mandatory, particularly for those operators 
who are interested in exploiting the full possi-
bilities of this band. 

With a well-designed converter, a consid-
erable improvement in signal-to-noise ratio 
can be achieved in 144-Mc. reception by using 
such a converter in conjunction with a com-
munications receiver. Only crystal-controlled 
or other stable signals can be received in this 
manner, but the effective sensitivity will be 
better than is possible with a less critical 
broad-band receiver. An example of a simple 
but effective converter for 2-meter use is shown 
in Figs. 12-16 through 12-19. 

In any superheterodyne for 144 Mc. a pri-
mary problem is that of oscillator stability. 
One satisfactory solution is the use of a crys-
tal-controlled oscillator and frequency multi-
plier to supply the injection voltage, the 
method used in the converter shown in Figs. 
12-13-12-15. All r.f. circuits are then fixed-
tuned, and coverage of the band is attained 
by tuning the communications receiver (or 
i.f. system) over a range of 4 Mc. This can be 
14 to 18 Mc. in the case of certain war-surplus 
receivers, or it may be any higher frequency 
within the range of the communications re-
ceiver. 
A converter working into an FM receiver, or 

into a broad-band i.f. channel designed for 
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either AM or FM reception, provides a quite 
satisfactory means of reception of signals, not 
only at 144 Mc., but on up through the micro-
wave range. This approach has been used in 
most of the recent pioneering efforts by ama-
teurs working in the microwave field. 

The Superregenerative Receiver 

The simplest type of v.h.f. receiver is the 
superregenerator, long favored in amateur 
work. It affords good sensitivity with few 
tubes and elementary circuits. Its disadvan-
tages are lack of selectivity and, if the oscillat-
ing detector is coupled to an antenna, a 
tendency to radiate a signal which may cause 
severe interference to other receivers. To some 
extent the lack of selectivity is advantageous, 
since it makes for easy tuning, and permits 
reception of all signals within its tuning range, 
however unstable they may be. To reduce 
radiation, a superregenerative detector should 
be preceded by an r.f. stage, or, if the detector 
is coupled directly to the antenna, it should be 
operated at the lowest plate voltage that will 
permit superregeneration. 
From a practical as-

pect, superregenerative 
receivers may be divided 
into two general types. In 
the first the quenching 
voltage is developed by 
the detector tube func-
tioning as a " self-
quenched" oscillator. In 
the second, a separate os-
cillator tube is used to 
generate the quench volt-
age. Self-quenched super-
regenerators have found 
wide favor in amateur 
work. The simpler types 
are particularly suited 
for portable equipment, 
which must be kept 
as simple as possible. 
Many amateurs have 
"pet" circuits claimed to 
be superior to all others, 
but the probability is that 
the arrangement of a par-
ticular circuit has led to 
correct operating condi-
tions. Time spent in mi-
nor adjustments will result in a smooth-work-
ing receiver. 

Superregeneration Principles 

The limit to which ordinary regenerative 
amplification can be carried is the point at 
which oscillations commence, since at that 
point further amplification ceases. The super-
regenerative detector overcomes this limitation 
by introducing into the detector circuit an 
alternating voltage of a frequency somewhat 
above the audible range (of the order of 20 to 
200 kilocycles), in such a way as to vary the 
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detector's operating point. As a consequence 
of the introduction of this quench or interrup-
tion frequency, the detector can oscillate only 
when the varying operating point is in a region 
suitable for the production of oscillations. Be-
cause the oscillations are constantly being in-
terrupted, the regeneration can be greatly 
increased, and the amplified signal will build 
up to tremendous proportions. A one-tube 
superregenerative detector is capable of an 
inherent sensitivity approaching the thermal-
agitation noise level of the tuned circuit, and 
may have an antenna input sensitivity of two 
microvolts or better. 

Because of its inherent characteristics, the 
superregenerative circuit is suitable only for 
the reception of modulated signals, and op-
erates best on the very-high frequencies. Typi-
cal superregenerative circuits for v.h.f. are 
shown in Fig. 12-1, but the basic circuit may 
be any of the various arrangements used for 
straight regenerative detectors. 

In Fig. 12-1A the quench frequency is ob-
tained from a separate oscillator and intro-
duced into the plate circuit of the detector. 

DET. DEI. 

Ant 

RFC 

Cs 

(B) +8 

Fig. 12-1— (A) Superregenerative detector circuit using a separate quench os-
cillator. (B) Self-quenched superregenerative detector circuit. L2Ci is tuned to the 
,,ignal frequency. Typical values for other components are: 
C2 — 47 »dd. 
C3— 470 odd. 
C4 — 0.1 dd. 
Cb — 0.001-0.005 dd. 
RI — 2-10 megohms. 

— -17.000 ohms. 
— 50,000.01tm potentiometer. 

RI — 47,000 ohms. 
RFC — R.f. choke, value depending 

upon frequency. Small low. 
capacitance chokes are required 
for v.h.f. operation. 

Ti — Audio transformer, plate-to-grid 
type. 

T2 — Quench-o.yilla tor transformer. 

The quench oscillator, operating at a low radio 
frequency, alternately allows oscillations to 
build up in the regenerative circuit and then 
causes them to (lie out. In the absence of a sig-
nal, the thermal-agitation noise in the input 
circuit produces the voltage that initiates the 
build-up process. However, when an incoming 
signal provides the initiating pulse, it has the 
effect of advancing the starting time of the os-
cillations. This causes the area within the en-
velope to increase, as indicated in Fig. 12-2C. 

If regeneration in an ordinary regenerative 
circuit is carried sufficiently far, the circuit will 
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Fig. 12-2 — R.f. oscillation envelopes in a self-quenched 
superregenerative detector. Vflthout signal (A at left) 
. oscillations are completely quenched after each period, 
resuming in random phase depending on momentary 
noise voltages. At right, when the initiating pulses are 
supplied by a received signal the starting time of the 
oscillations is advanced causing the build-up period to 
begin before damping is complete. This advance is pro-
portional to the carrier amplitude when modulated ( B). 
Since the building-up.peri..1 varies in accordance with 
modulationl.(C), when the-, ave trains are rectified the 
average rectified current proportional to the amplitude 
of the signal. Amplitude modulation is therefore re-
produced as an audio wave in the output circuit ( D). 

break into a low-frequency oscillation simul-
taneously with that at the operating radio fre-

quency. This low-frequency oscillation has 

much the same quenching effect as that from a 
separate oscillator, hence a circuit so operated 

is called a self-quenching superregenerative de-

tector. The frequency of the quench oscillation 

depends upon the feed-back and upon the 

time constant of the grid leak and condenser, 

the oscillation being a " blocking" or " squeg-
ging" in which the grid accumulates a strong 

negative charge which does not leak off rapidly 

enough through the grid leak to prevent a rela-
tively slow variation of the operating point. 

The greater the difference between the 
quenching and signal frequencies the greater 

the amplification, because the signal then has 

a longer period in which to build up during the 

nonquenching half-cycle when the resistance 

of the circuit is negative. This ratio should not 

exceed a certnin limit, however, for during the 

quenched or nonregenerative intervals the in-

put selectivity is merely ; hat of the Q of the 
tuned circuit alone. 

Because of the greater amplification, the 

'hiss noise when a superregenerative detec-

tor goes into oscillation is much stronger than 

with the ordinary regenerative detector. The 

most sensitive condition is at t he point where 

the hiss first becomes marked. When a signal is 

tuned in, the hiss will disappear to a degree 

that depends upon the signal strength. 

Lack of hiss indicates insufficient feed-back 

at the signal frequency, or inadequate quench 

voltage. Antenna-loading effects will cause 

dead spots that are similar to those in regen-

erative detectors and can be overcome by the 

same methods. The self-quenching detector 

may require critical adjustment of the grid-

leak and grid-condenser values for smooth 

operation, since these determine the frequency 

and amplitude of the quench voltage. 

T.R.F. Superregenerative Receiver 

The 144-Mc. receiver in Figs. 12-3-12-7 uses 

miniature tubes throughout and is intended for 

either home or portable/mobile use. The r.f. 
amplifier stage furnishes some additional gain 

over a straight superregenerative detector, af-

fords freedom from antenna effects, and 

most important of all — prevents radiation 

from the receiver. Although the r.f. and de-

tector circuits are individually tuned, the broad 

tuning of the r.f. stage makes the receiver 

essentially a single-dial affair — important in 

mobile work — and the miniature tubes 

permit compact assembly and low current 

consumption. Total heater current is 625 ma. 

at 6.3 volts, and the total plate-current drain 

from 135 volts of " B" battery is less than 10 

ma. 

The tuned r.f. amplifier stage uses a 6AK5 

pentode which is coupled through C5 to the 
6C4 superregenerative triode detector. This in 

turn is transformer-coupled to a 6C4 audio 

stage which drives the 6AK6 output stage. A 

plate coupling choke, 1.4, and the coupling con-
denser C12 remove d.c. from tlte output jack, 
.12, and eliminate the possibility of mhort-
óireuiting the plate supply at this point. 

Fig. 12-3 — Front view of the 144-Me. t.r.f. receiver. 
The pointer knob above the vernier dial tunes the r.f, 
stage. The small round knobs are for audio volume 
(lower right) and detector plate-voltage variation. Di. 
nien,,ifffls of the handmade case are 7 X 5Y2 X 4 inches. 
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Mechanical Details 

The receiver chassis and parti-
tions are built from pieces of 346-
inch aluminum held together at the 
corners with machine screws and 
strips of WI-inch-square brass rod. 
The over-all dimensions are 7 X 53¡ 
X 4 inches — the chassis that 
mounts the audio components is 
4 X 5 inches with a 13%-inch 
folded lip. To eliminate oscillation 
in the r.f. stage and radiation from 
the detector, completely-separate 
compartments are used for the r.f. 
and detector stages. These com-
partments consist of identical 
boxes that measure 1% inches 
square and 3 inches long. The tube 
sockets are mounted on the end 
plates, and all of the connections 
to the sockets are made before the 

• 
Fig.12-5— Wiring diagram of the 4-tube 
t.r.f. superregenerative receiver. Shield 
compartments housing r.f, and detector 
stages are shown by dotted lines. 
CI, Cs — Split-stator condenser (Cardwell ZV-5-TS). 

See text. 
C2., Cs, C4 — 470-pitfd. midget mica. 
Co, C7 — 47-1.4d. midget mica. 
C6 - 0.0022-dd. midget mica. 
Co, Cit — 10-51d. 25-volt midget electrolytic. 
CIO, C12 — 0.1-ufd. paper. 
RI — 1500 ohms, 32 watt. 
I12, 117, Rs — 0.1 megohm, 1 watt. 
Ra — 3.3 megohms, 1/2 watt. 
R4 - 39,000 ohms, 32 watt. See text. 
Ra — 0.5-megohm potentiometer. 
116 — 2200 ohms, 1/2 watt. 
Ro — 680 ohms, 3,¡ watt. 
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Fig. 12-4— Rear view of the complete receiver. Note 
that the r.f. stage and superregenerative-detector cir-
cuit components are in separate completely-enclosed 
compartments, for elimination of radiation. Miniature 
tubes are used throughout, for compactness and low 
current CIIIISUIllpt ion. 

• 

boxes are completely assembled. The wire be-
tween C5 and L3 runs through two Millen 
32150 bushings in the walls of the two shield 
compartments. This interconnection, the only 
one except for the power circuits, is made by 
running separate leads from the condenser 
and coil through the bushings and then solder-
ing the two ends together after the two units 
are mounted on the front panel. 
The detector tuning condenser, C8, is a regular 

Cardwell ZV-5-TS modified by adding a single 
circular plate to the regular one-plate rotor. 
This additional constant capacitance across the 
circuit increases the bandspread and, because 
it decreases the L-to-C ratio, smooths out the 
regeneration so that the regeneration control, 
R10, does not have to be readjusted within the 
144-Mc. band. 

Power Socket 
on Cable 

Rio — 50,000-ohm potentiometer. 
Hu — 22,000 ohms, 1 matt. 
Li — 2 t. %-inch i.d. No. 18 enam. inserted between 

turns of L2 at cold end. 
L2 — 4 t. 8%-inch i.d., % inch long, No. 18 tinned. 
Lo — 5 t. center-tapped, 1/2 inch long, No. 18 tinned. 

R.f. coupling tap 1 t. from grid end. 
L4 — Midget audio or filter choke (Inca D-92). 
Ji — Coaxial socket (Jones S-201). Matching plug for 

antenna i p-101 or P-201. 
12 - Headphone or 'speaker jack. 
RFC — See text. 
Si — S.p.s.t. switch on Rio. 
So — D.p.s.t. toggle switch. 
Tt — Midget audio transformer (Thordarson T-13A34). 
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Fig. 12-6 — Close-up % iew of the r.f, and superregenera-
tive-detector compartments, with back plates removed 
to show details. Top, back, and right side may be re-
moved from either assembly, providing accessibility 
despite compact design. 

The two r.f. chokes, RFC, are homemade 
affairs wound on 1-watt IRC composition re-
sistors — 0.22 megohm or higher — of the in-
sulated type that is Yi inch in diameter and 
23/32 inch long. The ends are notched with 
a small file or saw, to prevent the ends of the 
coil wire from slipping after they have been 
soldered to the pigtail leads of the resistor, 
and then a single layer of No. 30 d.s.c. is 
wound on for a length of inch. No lacquer 
or dope should be used on the winding be-
cause of the increased distributed capacitance 
that would result. 

Adjustments 

When the receiver is completely wired the 
first move should be to check de-
tector operation. With the 6AK5 in 
its socket, but with no plate or screen 
voltage applied to it, apply the plate 
voltage to the detector and cheek for 
the customary hiss. Try the regen-
eration control, R10, to determine 
whether the detector goes in and out 
of superregeneration smoothly. Some 
variation in values of R3, R4 and C6 
may be necessary to attain this end, 
and some 6C4s work better than oth-
ers in this respect. 

Fig. 12-7 — Bottom view, showing audio. 
component arrangement. 

Next, the tuning range should be checked by 
means of Lecher wires or an absorption-type 
wavemeter. With the values given, 144 Mc. 
should fall at about 80 on the dial, with 148 Mc. 
at around 60. The position of the r.f. coupling 
tap on L3 will have considerable effect on the 
resonant frequency of the combination. Its 
position is not critical, except for its effect on 
the tuning range of the detector circuit, but 
the spacing of the turns in the coil will have to 
be changed if the position of the tap is materi-
ally different from that given. 
When the detector is found to be in the 

band, the r.f. stage may be put into operation. 
With any of the shields removed, or with no 
antenna connected, the 6AK5 will probably 
oscillate, blocking the detector, but this effect 
will disappear when the two compartments are 
completely assembled and an antenna attached 
by means of the coaxial connector. If the r.f. 
stage is operating properly there will be slight 
change in the character of the hiss when the 
stage is tuned through resonance. Using a sig-
nal generator (the harmonic of any oscillator 
which falls in the 144- Mc, band will do) or the 
signal of a 144- Mc, station, there will be a pro-
nounced drop in background noise and a slight 
change in dial setting of the detector when the 
r.f. stage is tuned " on the nose." Once the r.f. 
tuning is adjusted for maximum response, 
preferably on a weak signal near the middle of 
the band, it may be left at that setting for all 
except the very weakest signals at either end. 

Power Supply 

Power-supply filtering and regulation are 
important factors in attaining smooth and 
efficient performance with superregenerative 
detectors. The power plug mounted on the 
back of the chassis provides a separate con-
nection (Pin 5) for the detector and r.f. + B, 
in order that this may be drawn from a regu-
lated source, such as a VR-150. The other pin 
marked " +B" (Pin 4) supplies the audio 
tubes, and the voltage used here need not be 
regulated. If " B" batteries are used — and 
they are highly recommended for mobile oper-
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ation — Pins 4 and 5 may be connected to-
gether in the power socket on the cable. The 
use of " B" batteries in mobile work will result 
in better sensitivity and more quiet operatien 
than will be available with any sort of mobile 
power supply, vibrator or dynamotor, and the 
drain from the car battery will be negligible 

during receiving periods. Medium-size " B" 
batteries will last through a year or more of 
normal operation. When batteries are used, 
the on-off switch, S2, should be thrown to the 
"off" position when the receiver is not in use, 
otherwise there will be a small continuous drain 
on the batteries through the R10-R11 bleeder. 

Simple Two-Tube Converter for 50 Mc. 

When a high intermediate frequency is used, 
image rejection is not a problem, and r.f. se-
lectivity in the converter is not particularly 
important, especially when the converter is 
used in conjunction with a highly-selective 
communications receiver. Thus quite satisfac-
tory performance can be obtained without the 
use of an r.f. amplifier stage. The new high-
transconductance miniature pentodes, 
such as the 6AK5, are excellent as mix-
ers, and a two-tube converter incor-
porating the 61K5 in an appropri-
ate circuit will give a degree of per-
formance formerly obtainable only 
with more complex designs. Such a 
converter is shown in Figs. 12-8-12-12. 
It was designed by Richard W. Hough-
ton, W1NKE, and was described in 
detail in Q87' for June, 1946. Though it 
was laid out particularly for use with 
an HRO it may be used effectively 
with any communications receiver 
capable of tuning to 10.5 Mc. 

As shown in the schematic diagram, 
Fig. 12-10, the oscillator voltage is in-
jected at the screen grid of the mixer 
tube. The coupling condenser, C6, has 
sufficient capacitance to act as the 
6A K5 screen by-pass condenser as well. 
The grid tank circuit, comprised of 
L2 in parallel with Ci, C2 and C3, reso-
nates over the operating frequency 
range, 49.5 to 54.8 megacycles. Ca-

pacitor C3 is ganged with the oscillator tuning 
condenser, C6. 
The oscillator operates over a range 10.5 

Mc. higher than that of the mixer, and the 
mixer plate vit• is tuned to this intermediate 
frequency. Wit h t his i.f., the fifth harmonic of 
the receiver's local oscillator ( 10.955 X 5 = 
54.775 Mc.) appears just outside the high end 

big. 12-8 — This two-tube 50-Mc, converter in-
corporates miniature tubes and obtains its 
power from the communications receiver with 
which it is used. The toggle switch at the left 
cuts the filament circuit when the unit is not in 
use. The control at the lower right transfers the 
antenna from the converter to the receiver for 
normal reception. 

Fig. 12-9— The r.f. construction of the 50-
\h. converter is shown in this above-chassis 
%le,. The 6C4 oscillator is at the left and 
6 \ I\ 5 mixer at the right on the subchassis. The 
10.7, Mc. i.f. output coil is in the foreground. 
Flexible ground leads are shown connected to 
their binding posts in the position normally 
used for grounded antenna systems. 
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OSCILLATOR 

8+ 8- F F 
250V 6.3v 

Fig. 12-10 — Circuit diagram of the 50-Mc. converter. 

Ci — 15-aafil. fixed ceramic, zero temp. coef. ( Eric 
POA 

C2, Cs — 2-6-safd. ceramic trinuiler ,Centralab 821-N). 
Ca — 11-agfil. variable ( National I NI .N-10 with 1 -tutor 

plate removed). 
— 12-pfd. fixed ceramic, zero temp. coef. ( Erie 

N PUA). 
C8 — variable ( National l NIA- 10 with 1 stator 

and 1 rotor plate removed). 
C7, Cs, C9 — 100- hl. mica or ceramic. 

— 47-safd. mica or ceramic. 
C11 — 35- fl. fixed ceramic, zero temp. cod. (Erie 

NPOA). 
Ri — 6800 ohms, watt. 
H2 — 1.5 megohms, ta watt. 
— 0.47 megohm, 12 watt. 

114 -- 0.1 megohm, !, watt. 
lis — • 22,000 ohms, watt. 
Re — 10,000 ohms, 1 watt. 
14 to Ls, inc. — See Fig. 12-11. 
— 6.3-volt pilot lamp. 

Si — 4-pole double-throw sWitch, preferably with ce-
ramic wafers (Oak Type 11C). 

Sa — S.p.s.t. toggle. 

2 turns 
No. 28 S.S.C. 
Close wound 

L3 
4 turns -4-- 4 turns 

L4 No.22 enom. L2 Alo 22 enarn 

22 turns 
No 22 

S enant 

tarn 
N.22 

L PlOSUC 
COE 

HH 
R F. 

2 turns 
Alo 22 plintiC 
L cor., close 
I wound 

Fig. 12- 11— Coil 
data for the 50-Me. 
converter. 

of the tuning range, suffi-
ciently far from the cali-
brated band so that it does 
not interfere with normal 
operation. The i.f. may be 
shifted slightly from the 
10.5- Mc." figure, if neces-
sary, to avoid strong sig-
nals at that frequency. 
Tracking is easily ac-

complished over the fre-. 
quency range under con-
sideration because the per-
centage of frequency 
change is small. Starting 
with two identical tuning 
condensers ( National Type 
UMA-10), two plates are 
removed from the one used 
in the oscillator and one 
plate from the (( il i• in the 

Fig. 12-12 — A bottom view of the converter. Si, the 
antenna-transfer switch, is at the lower left. Low-im-
pedance antenna leads should be twisted loosely as 
shown. The three adjusting screws for the iron-core 
inductances protrude from the chassis on either side of 
the power cord. 

mixer. Sufficient fixed padding capacitance, 
using a zero-temperature-coefficient ceramic 
for low over-all temperature drift, is added to 
give the required range. The coil forms used 
are provided with adjustable cores of high-fre-
quency powdered iron, providing an easily-
accessible inductance adjustment. 
The wafer-type switch, SI, provides a con-

venient means of channeling either the con-
verter output or a low-frequency antenna into 
the antenna terminals of the receiver. When 
the converter is in use both low-frequency an-
tenna terminals are switched to ground. thus 
minimizing direct receiver pick-up at the in-
termediate frequency. Single-wire or doublet 
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antennas may be used at either high- or low-
frequency inputs. 
When operating the receiver over its normal 

frequency range, the converter filaments may 
be turned off by means of switch S2. This func-
tion also could be accomplished by means of an 
additional wafer on Si. 
A four-prong-to-four-prong adapter, of the 

sort used for making tube substitutions, is used 

on the power cord to enable both it and the 
receiver cord to be plugged into the HRO 
power pack simultaneously. With receivers 
having integral power packs a different ar-
rangement would be required, one possibility 
being to use a similar plug adapter under one 
of tu power tubes in the receiver, picking up 
the •• voltage at the screen-grid pin. A 
separa t e supply may be used if desired. 

Crystal-Controlled Converter for 144 Mc. 

While most converters are used in the man-
ner described above (by leaving the communi-
cations receiver set at a given intermediate 
frequency and tuning the converter over the 
desired frequency range), it is quite possible to 
reverse the procedure, using a fixed-frequency 
oscillator in the converter and tuning the re. 
ceiver. This approach is particularly advanta-
geous at 144 Mc. and higher, where the 
selectivity of the tuned circuit, is such t hat no 
adjustment of the converter circuit s is required 
when the i.f. ( in this case usually a broad-band 
receiver) is varied over a four-megacycle 
range. 

Several converters employing this principle 
were described by Calvin F. Hadlock, W1CTW, 
in the May 1946 issue of Q87'. The simplest 
is shown in Figs. 12-13, 12-14 and 12-15. It 
uses a 6.16 oscillator-doubler, operating with a 
28-Mc. crystal, followed by a 6C4 doubler and 
a 6AK5 mixer, the grid circuit of which 
tuned to 146 Mc. and coupled to the antenna. 
The plate circuit of the mixer is the input cir-
cuit of a receiver (see Fig. 12-14) that tunes 
the range between 30 and 34 Mc. The converter 

• 

was designed for use with the National One-
Ten, a superregenerative receiver, but it should 
provide excellent results when used with any 

Fig. 12-13 — Top view of the three-tube 111-N1c. con-
verter using a 10-meter crystal. Space is provided at the 
right of the mixer for addition of an r.f. stage. 

6J6 6C4 6AK5 

o o 6 
B- 63V.AL. 

200V. NEATER5 

Fig. 12-14 — Schematic of the 
CI, Cs, Co — 470-ppfd. mica. 
C2, C7 — 100-gpfd. mica. 
C4, CO — 15-µd(1. ( 10 to 20) ceramic or mica.* 
Cs — 22-55 1d. ( 15 to 25) ceramic or mica.* 
Cs — 2.2-ppfd. ceramic or mica. 
• Ci2 — 47-gpfd. mica. 
Cu — 100-pmftl. mica. 
C13 — 15-Pmfd. ariable, National IMA.15. 
RI — 22,000 ohms, %, att. 

112 — 4700 ohm.. '2 %, att. 
• — 0.1 megohm. 2 matt. 
114 — 4700 ohms, N att. 
Rs — 0.1 megolun, 2 watt. 
Ro — 4700 ohms, ! 2 watt. 

• 

3-tube 2-meter converter, using a 28-Mc. crystal. 
117 — 0.25 megohm, 1/2 watt. 
Rs — 0.75 megohm, 3X2 watt. 
119 — 4700 ohms, 3/2 watt. 
Li — X11-50 coil form, ungrooved, 11 turns No. 22 

enam., close-wound, center-tapped. 
L2 — X R-50 coil form, ungrooved, 5 turns No. 16 enam., 

spaced dia, of wire, center-tapped. 
L3 — XR-50 coil form, ungrooved, 3 turns copper strip, 

inch % ide, spaced 3s inch, center-tapped. 
L4 — 11A turns of No. 14 copper wire, %2 inch in diame-

ter. 
* C4, Cs and CO should be selected in value so that plugs 

extend fairly well out from center of coil at res-
onance. 
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big. 12-15 — Bottom view of the three-tube 2-meter 
converter. Note the fixed-tuned tank circuits mounted 
along the back edge of the chassis. The to short leads 
at the upper left connect to the antenna terminals of 
a One-Ten receiver. 

of several AM-FM receivers that are capable 
of tuning this range. 

It is built on a chassis of folded aluminum 
5 X 4%i X 1%2 inches in size. Space is left on 
the chassis for addition of an r.f. stage, if de-
sired. The first half of the 6J6 is a conventional 
triode crystal oscillator, the second half acting 
as a doubler, driving a 6C4 doubler. With the. 
values shown, the second 6J6 grid will have 
about 20 volts of excitation, as measured with 
a high-resistance voltmeter across R3. The 
voltage developed across Rb will be about 25 to 
30 volts. The 6C4 doubler provides about 10 
volts on the mixer grid before the r.f. input 
circuit is connected. With the input circuit 
connected and adjusted to approximately the 
middle of the 2-meter band, the excitation 
voltage drops to about 1 volt, which is suf-
ficient for good conversion with the grid-leak 
injection shown. A very high-resistance volt-
meter should be used for these measurements. 
A 100-microampere meter with a 0.5-megohm 
resistor in series is suitable. 

One-Tube Converter for 144 Mc. 

A simple converter employing a single 7F8 
tube is shown in Figs. 12-16-12-19. It is de-
signed to work into a communications receiver 
on either 10.7 or 27.9 Mc., the latter frequency 
being provided so that the converter may be 
used with v.h.f. superheterodynes such as the 
Five-Ten, NWT, S-27, S-36, and others which 
do not tune to the lower frequency. While it 
was designed for maximum simplicity, it is 
capable of outperforming the best superregen-
erative receivers in weak-signal work. If 
greater sensitivity is desired, one or two stages 
of r.f. amplification (Figs. 12-20-12-22) may 
be added. 
From the schematic diagram, Fig. 12-18, it 

nay be seen that one section of the 7F8 dual 
triode is used as a mixer and the other as a 

Colpitts oscillator. Stability, an important 
factor in v.h.f.-converter design, is assured as 
the result of several precautions. The tuned 
circuit has a high CIL ratio, the coil is mounted 
rigidly on the tuning condenser, and the tube 
is mounted below the chassis to minimize 
heating effects. The Colpitts oscillator circuit 
permits grounding the cathode, preventing 
a.c. hum modulation, a common trouble when 
the cathode is operated above ground in v.h.f. 
circuits. 

Mechanical Details 

No attempt was made lo gang the oscillator 
and mixer tuning controls, as the mixer setting 
is sufficiently broad so that it may be peaked at 
146 Mc. and left in that position for the whole 

t1g. 12-16 — Front-
panel view of the sim-
ple 2-meter converter. 
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• 

Fig. 12-17 — Top view of the 
simple 2-meter converter. At 
the right are the mixer tuned 
circuit and antenna coupling 
coil. Oscillator component, 
are at the left. The shield at 
the rear of the chassis houses 
the output coupling trans-
former. The trimmer attached 
to the 7F8 socket terminals is 
the oscillator injection cpn-
denser, Ct. 

• 
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band. The oscillator tuning condenser, C2, a 
split-stator variable, was made from a Millen 
Type 21935, originally a 35-geifd. single-see-
Hon double-spaced midget variable. A section 
of the stator bars 3 inch long is sawed out of 
the center of the condenser, leaving four stator 
and five rotor plates in each section. The three 

Fig. 12-18 — Schematic diagram of the 7F8 converter 
for 144 Mc. 

Cs — 10-upfd. variable. 
C2 — 15-55M. per section, split stator. See text. 
Ca — 3-30-umfd. air trimmer (Silver Type 619). 
C4 — 3-30-pufd. mica trimmer. 
Ca, C5 — 47-ge.fd. mica or ceramic. 
C7 — 27-pmfd. mica or ceramic. 
Cs — 470-umfd. mica. 
Ri — 1 megohm, 1,2 watt. 
112, Ha — I0,000 ohms, 1/2 watt. 
114 — 2200 ' dim,. 12 % att. 
— 3 turn, No. 12. 11s-inch i.d., 12' inch long. 

1.2 — 2 turns "push-back,- 1N-inch i.d., inserted in cold 
end of LI. 

La — 2 turns No. 12, "k-inch i.d., spaced h inch, renter. 
tapped. 

.11 — Coaxial jack (Jones 5-201). 
— 29.7-Mc. i.f.: 9 tun,- N.,. 22 d.s.c. wire, spaced 

one diameter, on N:.tional X li-50 form (slug. 
tuned). Coupling s, inding: 2 turns No. 22 
d.s.c. wire, interuound in cold end of main 
winding. 

—10.7-Mc. i.f.: 22 turns No. 22 enameled wire, 
close-wound on National X11-50 form (slug-
tuned). Coupling winding: 3 turns No. 22 
enameled 'sire mound oser cold end of main 
ssinding. Insulate betmeen two % indings 's jib 
pob styrene or other insulating tape. 

extra rotor plates, at the center of the rotor 
shaft, may be removed with long-nosed pliers. 
The condenser is mounted with the stator 
bars at the top, permitting the two-turn coil 
to be soldered directly to the sawed ends of 
the bars, for solid mounting. The parallel 
padder, C3, is an air trimmer of new design 
(Silver Type 619), or a mica trimmer may be 
substituted, if necessary. 
The vernier dial used is a National Type K. 

but a large knob is substituted for the small 
one with which the dial is equipped, giving the 
converter tuning a communications-receiver 
quality. The appearance of the converter was 
further dressed up by giving the panel a 
" watch-ease" finish. This is done with a small 
wad of steel wool in a drill press, or it may be 
done by hand with somewhat more effort. 
The tube is mounted with its socket above 

the chassis, providing short r.f. leads. The ar-
rangement of the smaller parts should be ob-
vious from the photographs. Oscillator injec-
tion is controlled by the mica trimmer, Ca, 
which is mounted directly on the oscillator-
plate and mixer-grid prongs of the tube socket. 
Its setting is not critical; it may be left near 
the minimum capacitance of the condenser. 
The output coupling transformer is housed 

in a cut-down i.f. shield can, with the mixer 
plate lead coming out of a hole in the side. 
Winding data for both 10.7- and 27.9- Mc. 
transformers are given. The higher frequency 
is recommended for use wherever possible. The 
fixed padder, C7, and the by-pass condenser, 
C8, are mounted inside the i.f. shield. Con-
verter output is taken off through a coaxial 
cable and fitting, though the latter may be 
eliminated if desired. 

Ordinarily the receiver with which the con-
verter is to be used will be capable of supply-
ing the 6.3 volts a.c. at 0.3 amp. and 150 volts 
d.c. at 5 ma., but a separate supply may be 
used if desired. If the supply voltage is much 
over 150 volts, a dropping resistor should be 
used to bring it down to about t hat value. 
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The converter is built on a folded aluminum 
chassis made from a sheet 4 X 10 inches in 
size, 2 inches being folded over on either end. 
The panel is 5 X 8 inches. The coaxial fitting 
and the antenna terminals are mounted on 
small aluminum brackets. The panel is fas-
tened to the chassis by means of 1%-inch-
square rods, but small angle brackets would 
serve equally well. 

Adjustments 

Adjustment and t of the converter are 
simple enough, if a calibrated signal generator 
is available. Lacking this, harmonics of a 
VEX), or even the radiation from a receiver 
oscillator, may be used. A superregenerative 
receiver, the tuning range of which is known, 
may also be used as a signal generator. First, 
the i.f. output transformer should be tuned to 
27.9 or 10.7 Mc. by means of its adjustable 
core. The exact frequency employed is, of 
course, unimportant, as the coaxial cable be-
tween the converter and receiver will prevent 

Fig. 12-20— A two-stage grounded-grid r.f. amplifier 
for 144 Mc. 

CHAPTER 12 

Fig. 12-19 — Bottom view of the converter 
shows the T IS tube mounted below the 
elne...is. Flic i.f. core adjusting screw is in 
front of the tube, it the right, on a bracket, 
is the coaxial hitting for i.f. output. 

• 

appreciable pick-up at the i.f. fre-
quency. If any strong signals are 
present, the i.f. may be shifted to 
any clear frequency. • 

Next, the tuning range of the os-
cillator should be checked. When 
the converter is to be used with a 
27.9-Mc. if., the tuning range of the 
oscillator will be 116.1 to 120.1 Mc. 
With a 10.7-Mc. i.f. it will be 133.3 
to 137.3 Mc. Either of these ranges 

can be reached by adjustment of the parallel 
air trimmer, C3. Bandspread, with the higher 
if., will be about 80 divisions. With the low i.f. 
it will be somewhat less. The oscillator may be 
checked with a calibrated absorption-type 
wavemeter, or by listening to it in a calibrated 
receiver. 
A strong signal near 146 Mc. should then 

be tuned in, and the mixer condenser adjusted 
for maximum response. As the oscillator fre-
quency varies when the mixer tuning is 
changed, it will be necessary to rock the oscil-
lator dial back and forth across the signal as 
the mixer tuning is adjusted. Once the proper 
setting of Cit has been determined, it may be 
left set for the entire band. When a sensitive 
receiver is used as an i.f. system quite good 
sensitivity will be obtained, and a signal of 
one microvolt or less will produce a plainly-
audible response. 

• A I44-MC. GROUNDED-GRID 
R.F. AMPLIFIER 

The t vo-stage r.f. amplifier unit shown in 
Figs. 12-20 through 12-22 may be used with 
the simple converter described above, or ‘vith 
any other 2- meter receiver where an improve-
ment in sensitivity and image rejection is 
desired. It employs two 6.14 triodes in a 
grounded-grid circuit. Other tubes might also 
be used, but the 6.14 was designed especially 
for this service and has internal shielding Nvhich 
reduces the likelihood of self-oscillation trou-
bles. In the grounded-grid circuit, the signal 
input is to the cathode of the tube instead of 
the grid, which is connected directly to ground, 
as the name implies. 

In the unit shown, the antenna is coupled 
to a tuned circuit in the cathode of the first 
tube, the plate circuit of which is also tuned. 
Coupling between stages is effected by a small 
capacity, C9, which is tapped down on the plate 
coil, L. The cathode of the second stage is 
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returned to ground through an 
r.f. choke and a bias resistor, Rs. 
Both cathodes are maintained 
above ground for r.f. by inser-
tion of r.f. chokes in the heater 
leads. The plate circuit of the 
second stage is link-coupled to 
the mixer, the coupling line being 
brought out through two Na-
tional FWG terminals at the 
back of the chassis. All three 
I uned circuits are provided with 
front-panel controls, for ease of 
adjustment, but only the plate 
tuning of the second stage will 
require any readjustment in tun-
ing over the band. The other 
two controls may be set at 146 
Mc. and no noticeable change 
in signal strength will be ob-
tained if they are repeaked for 
a signal at either end. 
The r.f, amplifier is mounted 

on a chassis similar to that used 
in the simple converter.It is 2 X 4 X 6 inches 
in size, and was bent from a 4 X 10-inch piece 
of aluminum. The front panel is cut to fit, 
being approximately 2 X 6 inches in size. 
Interstage shields are sheets of copper, notched 
to fit closely over the center of the 6J4 tube 
sockets, which are mounted in such a position 
that the cathode and plate terminals come on 
opposite sides of the shield. The three grid 
pins ( 1, 5, 6) are soldered directly to the shield 
itself, or grounded to soldering lugs under the 
screws with which the sockets are mounted. 
All leads should be as short as possible. 
The amplifier unit may be operated from 

the same power supply as that used with the 
converter, but care should be taken to see that 
the plate voltage on the 6J4s does not exceed 
150 volts. The performance of the unit does not 
change materially with a considerably-lower 
voltage, and it was found advisable to operate 
it from a bleeder tap (R5 R6) as shown in the 
schematic diagram, when the amplifier was 

Fig. 12-22 — Bottom view of 
the g led grid r.f. ampli-
fier. At the left are the cathode 
input circuit and antenna 

"l'he center com-
partment contains the plate 
circuit of the first stage and 
cathode circuit of the second. 
The right-hand compartment 
houses the plate circuit of the 
second stage, and the output 
coupling. 

• 

6J4 

L, 

6J4 

63V. A.C. - 160v 4. 

Fig. 12-21 — Schematic diagram of the 6,14 r.f. amplifier. 

C2„ C3 — 15-add. midget van- 1.2-2 turns " push-back," inter-
able ( NI llen 20015). wound in I. 

C4, Cs, Co, C7, — 470-55fd. 1,3 — 3 turns No. 14, 3%-inch inside 
diameter, .34i inch long, 

— 47-apfd. mica. center-tapped. 
113 — 220 ohms, watt. 1.4 — Same as L3, but without tap. 

112, 114 — 470 ohms, watt. 1,5 — 2 turns "push-back," inter-
R5, Rs — 10,0110 ohms, 10 watts, wound in L4. 
Li — 1 turns No. I I. %-inch in- RFC — No. 22 d.s.e. wire close. 

side dia meter. I inch long, wound on 1 -I.S'att carbon 
tapped 1 turns from cold resistor. Winding length 
end. l inch. 

midget mica. 

used in conjunction with the 7F8 converter 
and a 150-volt supply. 
With the constants shown, the circuits will 

tune near minimum capacitance. Tuning the 
circuits to resonance produces a different 
result for each circuit. The noise output 
drops appreciably as the first circuit hits 
resonance; in the second there is only a slight 
noise change; while in the third the noise 
increases noticeably at resonance. Best re-
sults will be obtained if each circuit is ad-
justed while listening to a signal. If the re-
ceiver has an S-meter, the amplifier should 
be tuned for maximum reading on a medium-
strength signal; if no S-meter is available, the 
adjustments should be made with the a.v.c. 
off, otherwise small changes in signal level will 
be difficult to detect. Once Ci and C2 have been 
set near the middle of the band they require 
no further adjustment, and C3 may be re-
peaked for maximum noise as the converter 
is tuned across the band. 
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Mobile Receiving Equipment 

Probably the most satisfactory method of 
obtaining reception on 50 and 28 Mc., in cars 
equipped with broadcast receivers, is the use 
of a converter of simple design, working into 
the car receiver at 1600 kc. Some other ar-
rangement must be made for 144 Mc. and 
higher, however, as the i.f. used for these fre-
quencies must be higher than 2 Mc., to avoid 
image troubles. One solution, in areas where 
there is extensive use of crystal-controlled 
transmitters, would be a converter having an 
i.f. of about 30 Mc., working into a second 
mixer-oscillator whose output would be 1600 
kc., for working into the car broadcast receiver. 

Most mobile reception on frequencies from 
144 Mc. up has been done with simple super-
regenerative units, or, in a few cases, complete 
receivers designed especially for 144- Mc. 
work. With either of these approaches it is 
difficult to achieve satisfactory performance 
on all three of the popular mobile bands, 2, 6 
and 10 meters. One way of attaining this end 
involves the use of a superheterodyne con-
verter (or converters) and a high-frequency 
i.f. (in the vicinity of 10-20 Mc.) working into 
a superregenerative second detector. This is 
particularly useful for installations where no 
broadcast receiver is available. 

• A SUPERREGENERATIVE I.F. 
AND AUDIO UNIT 

The high sen.-i ivity, noise reje‘Y ion, and 
a.v.c. characteristics of the superregenerative 
detector make it useful in mobile operation. 
The chief difficulties inherent in this type of 
receiver, broadness of tuning and radiation of 
an interfering signal, can be overcome at least. 
partially through the use of a superregenerative 
stage as the second detector in a superhetero-
dyne receiver. The i.f. amplifier and audio unit 
shown in Figs. 12-23-12-26 was designed espe-
cially for mobile operation. Two converters, 
shown in Figs. 12-23 and 12-27-12-31, working 
with this unit, provide mobile reception on 2, 
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6, 10 and 11 meters. The space available in a 
particular make of car will influence the form 
factor of the units, but these are representative 
designs. The two converters, one for 6-11 
meters and one for 2 meters, are intended for 
steering-post mounting, while the i.f.-audio 
unit is shaped to fit into either a glove or radio 
compartment. 

Little need be said about the i.f. unit, as 
there are few critical factors, and mechanical 
layout is relatively unimportant. Only four 
tubes are used: a 6AG5 11- Mc. i.f. amplifier, 
a 6C4 superregenerative second detector, a 6C4 
first audio amplifier, and a 6AK6 second audio. 
Note that both audio stages are transformer-
coupled, this method having been used in 
preference to resistance coupling, as experience 
has shown that the former makes for smooth, 
quiet operation when superregenerative de-
tectors are employed. 
The input stage of the unit should be well 

shielded, not only to prevent oscillation, but 
to reduce pick-up on 11 Mc. When the unit is 
installed in a car this is not troublesome, but 
in home-station work, 11- Mc, interference can 
become quite severe, especially during evening 
hours. 
The tuned circuits used in the 11- Me, ampli-

fier, the superregenerative detector, and as out-
put coupling units in the two converters, are 
all similar. The coils are wound of No. 22 
enameled wire on National X R-50 core-tuned 
forms, the secondary winding! occupying tut-
entire winding space. A simple way of securing 
the primary is to wrap a layer of Scotch Tape, 
sticky side out, around the ground end of the 
secondary. The primary winding will then 
stick as it is wound on, and holding it in place 
will be no problem. A small tab of tape, or 
household cement, will suffice. 

• A CONVERTER FOR SO 
AND 28 MC. 

The three tube converter shown in Figs. 
12-23, 12-27 and 12-28 covers the 50-54 Mc. 

Fig. 12-23 — The three-
tube converter for 6 
and 10 meters con-
nected to the 11-‘1c. 
i.f. amplifier and 
audio system. The con-
verter is mounted on 
the steering post, while 
t e i.f. unit is designed 
for glove-compartment 
mounting. The object 
above the converter 
dial is an adjustable-
beam dial light. 

• 
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6C4 
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Fig. 12-24 — V. iring diagram of the If. unit using a 
— 47-, pfd. ceramic. 

C2, C3 — 470- pfd.  • 'get mica. 
C4, Cs — I00-pfd. midget mica. 
Cg, C7 — 0.0068-pfd. mica. 
Co, CIO — 25-pfd. 50-volt electrolytic. 
C11 — 0.1-pfd. 600-‘olt tubular. 
Hi — 270 ohrits, earl . 
R2 — 10,000-ohm potentiometer. 
R3 — 1000 ohms. 
H. — 17 rnegohms. 
Ro — 50,000-ohm tiotentiometer. 
— 47,000 ohms, I watt. 

H7 — 0.25-megohm potentiometer. 
— 2200 ohms. 

Ho — 0.22 megohm. 
13u) — 680 ohms. 

All resistors iIi-watt type unless otherwise indicated. 
14, 1.2 — 22 turns No. 22 email.. close-wound on Na-

and 27-30 Mc. ranges by means of plug-in 
coils. Using the 11- Mc, intermediate fre-
quency, it is possible to cover the two bands 
with a common oscillator coil, the oscillator 
running on the low side of the signal frequency 
for 50-54 Mc. and on the high side for 27-30 
Mc. It is thus merely necessary to change the 
mixer and r.f. coils when changing bands. 
Three tubes are used: a 6AK5 r.f. amplifier, 
a 6A K5 mixer, and a 6C4 oscillator. 

Fig. 12-25 — Hear view of the l l-
Mc.-i.f./audio unit. The tubes nearest 
the panel are the i.f. amplifier, left, 
and the superregenerative detector. 
The octal plug on the back of the 
chassis is for the power cable, while 
the 5-prong plug connects through 
another cable to the converter. The 
toggle switch is the 13+ stand-by 
switch. 

6C4 

64G5 GC4 6C4 6456 

(:\ 

superregenerative second detector and two audio stages. 

tional X 11-50 form. Primary: 3 turns No. 22 
coati,. close-wound on layer Scotch Tape over 
ground end of Li. 

L3 — Midget filter or audio choke. 
J1 — Coaxial socket (Jones S-201). 
12 — 'Speaker or headphone jack. 
J3 — 5-prong plug for converter power, mounted on 

back of chassis. 
J4 — Octal plug, mounted on back of chassis. 
Pu — Octal socket on power cable. 
RFC4 — 2.5-mh. r.f. choke ( National R-100). 
RFC2 — One -pie" from National R-100, mounted on 

1-watt resistor. 
RFC3 — 80-inh. r.f. choke. 
Si — toggle switch, hat-handle type. 
S2 — S.''.-. . •s, itch, mounted on R7. 

T2 — NI i.lget interstage audio transformers. 

The converter layout, shown in Fig. 12-27, 
makes some sacrifices in accessibility for the 
sake of compactness; however, by planning the 
construction carefully, the builder should have 
no trouble in assembling or adjusting the con-
verter. Parts are mounted on an " L"-shaped 
aluminum chassis, with a cover of the same 
general shape, making a case that is 2 inches 
wide, 3 inches high, and 6% inches long. 

Octal sockets for the plug-in roils ( Millen 
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74001 shielded core-tuned forms) are mounted 
along the top edge, with the corresponding 
tube sockets projecting from the right side. 
The oscillator compartment is at the front, 
nearest the dial — a " must" when flexible 
couplings are used for ganging. The middle 
compartment houses the mixer-stage com-
ponents, including the core-tuned i.f. output 
coupling transformer. Coupling between the 
oscillator and mixer is obtained by means of a 
piece of " push-back" wire which is soldered to 
the oscillator tuned circuit and then wrapped 
around the r.f.-plate or mixer-grid lead. The 
coupling should be set at the lowest value 
that will provide maximum signal strength. 
At the back is the r.f. section, which is pro-

Fig. 12-26 — Bottom 
view of the i.f.-audio 
unit, showing arrange-
ment of parts. At the 
upper right, in a par-
tially-shielded com-
partment, are the parts 
comprising the i.f.-am-
plifier input circuit. In 
the center are the de-
tector socket and asso-
ciated parts. At the 
left and rear are the 
audio components. 

• 

vided with a coaxial input jack for antenna 
connection. 
As this converter may be used with conven-

tional i.f. systems, provision was made for in-
corporating a.v.c. Instead of grounding the 
grid returns from the r.f. and mixer tubes, these 
returns are brought out, through resistors Ri 
and Rfi, to a separate pin on the power-cable 
socket. The corresponding pin in the i.f. unit 
is connected to ground. 
The oscillator circuit is high C, for maximum 

stability, the capacitance other than that of the 
variable condenser being supplied by a cer-
amic padder, consisting of 20-14.dd. and 27-
'add. units in parallel with the tuning con-
denser. Adjustable padders are used in the 

Fig. 12-27 — Interior 
view of the 28- and 
50-Mc. converter, with 
cover removed. The 
mica him:lien( are ad-
justed through small 
holes in the chassis 
cover. The oscillator 
compartment is at'the 
front (right), the mixer 
in the middle, and the 
r.f. amplifier at the left. 
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6AKS 6AKS (ea 

.1P4 14 14 

Fig. 12-28 — Schematic diagram of 
Cl, Ca R.f. and mixer tuning condensers (National 

UM- la reduced to 2 stator and 2 rotor plates). 
C2, C4 — 3-30.mifd. mica trimmer. 
Cs — Oscillator tuning condenser ( National UM-35 re-

duced to 4 stator and 4 rotor plates). 
Ca, C7, C8, Cs, C11, C12, C13, Cl5, Cla — 470-iudd. midget 

mica. 
Cis, CI8 — 100-pmfd. mica. 
C14 — 47-pgfd. ceramic. 
Ci; — 47.íd. ceramic (20 and 27 gdd. in parallel). 
RI, Rs — 0.22 megohm. 
R2, 113, Rs, R9 — 270 ohms, carbon. 
114, R7 — 1.0 megohm. 
Ra — 6800 ohms. 
Rio — 47,000 ohms. 

(All resistors I4-watt rating.) 

mixer and r.f. circuits to facilitate tracking. 
These are tnica trimmers, but the coil induct-
ance is adjusted so that the trimmers tune 
nearly wide open, and small changes in plate 
spacing have a negligible effect on the ca-
pacitance. Tracking is made easy by the ad-
justable-inductance feature of the coil forms. 

In putting the converter into operation it is 
best to start by establishing the tuning range of 
the oscillator, which may be checked with an 
absorption wavemeter or monitored by a re-
ceiver that is capable of tuning from 37 to 
43 Mc. It is useful to have the receiver 
capable of tuning in the high end of the 
old FM band, so the oscillator may 
be made to hit 37 Mc. or so at the low-
frequency end of its range. If the in-
ductance of the coil is properly ad-
justed, 43 Mc. (oscillator frequency) 
will come at the high end. This gives a 
spread of about 70 divisions for the 
50-Mc, band, and about 50 divisions 
for 27 to 30 Mc. If more spread is de-
sired for the 10-meter band, a separate 
oscillator coil for that band may be 
made, and additional padder capaci-
tance built into the r.f. and mixer 
coils for 10 meters. 

• 
Fig. 12-29 — Front view of the 144-Mc, con-
verter. The entire unit is contained in a 
standard 3 X 4 X 5-inch case. 

6C4 

the mobile converter for 27 to 54 Mc. 

Li — R.f. coil. 28 Mc.: 10 turns No. 22 enam., inch 
long. Primary: - turns No. 28 d.s.c. Interwound 
in cold end of Li. 50 Mc.: 5 turns No. 22 enam., 
Si inch long. Primary similar to 28-Mc. coil. 

L2 — Mixer coil. 28 Me.: 9 turns No. 22 e., inch 
long. 50 Me.: I turns No. 22 e., 'Si inch long. 

— U. output 1,m- former. 22 turns No. 22 enam., 
close-mound u, National XR-50 form. Coupling 
winding: 2 tiler,- No. 20 " push-hack," wound at 
cold end of /.:,. 

Lt — Oscillator coil. :2 I turns No. 22 enam., 9ia inch 
long. Feed-bai•k minding: 2 turns No. 28 d.s.c. 
interwound between turns of L4. 

ji — Coaxial socket (Jones 5-201). 
Pi — Coaxial plug (Jones P-20I). 
P2 — 5-pnmg socket on power cable. 

Once the oscillator is tuning the desired 
range, the mixer should be put into operation. 
For test purposes, a temporary primary may 
be wound on the mixer coil, using two of the 
spare pins on the coil and socket for bringing 
out the leads thereto. From here on, a signal 
generator which tunes the desired frequency 
ranges is useful, but it is not absolutely neces-
sary. A signal from a VFO, or the harmonics 
of several crystals, can be made to serve the 
same purpose. The signal from the oscillator 
in a communications receiver can be used also. 
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Fig. 12-30 — Schematic diagram of the 

C1 — 3-30-gpfd. mica trimmer. 
C2 — Cardwell -butted'. condenser, 1 rotor plate with 

1 stator plate on each side. See text. 
Cs — 25-pmfd. trimmer % ith screwdriver adjustment 

(Millen 26025). 
C4 — Oscillator tuning condenser ( Millen 20015 reduced 

to 1 stator and 1 rotor plate). 
Cs, Cs, Ca, CII — 470-551d. mica midget. 
C7 — 47-aafd. ceramic. 
Cs — 4.7-gpfd. ceramic. 
Cio — 100-apfd. mica midget. 
RI — 10,000 ohms. 
R2 — 1.0 megohm. 
113 — 270 ohms. 

The signal source should be fed into the con-
verter by direct connection to the temporary 
primary or by means of a pick-up antenna, 
and the output of the converter fed into a 
communications receiver tuned to 11 Mc. If 
the converter is working there will be an ap-
preciable increase in receiver noise as the plate 
voltage is applied to the mixer, and this will 
increase as the mixer grid and plate circuits 
are resonated. 

Tracking is accomplished in the usual way, 
except that no squeezing of turns is required 
for inductance adjustment. With a signal near 
the high end of the band, adjust the trimmer. 
C4, for maximum signal or noise. Tune to 
near the low end, and recheck the setting of C4. 
If the trimmer capacitance has to be increased, 
the coil inductance is low; if the capacitance 
has to be decreased the inductance is too high. 

144-Mc, converter with 11-M c. output. 

114 — 22,000 ohms. 
Its — 10,000 ohms. 
All resistors Y2-watt carbon. 

L1 — 3 turns No. 12 tinned, inch long, %.inch in-
side diameter. Primary: 2 turns No. 20 "push-
back" interwound at cold end of 1.1. 

1.2 — 22 turns No. 22 enam., close-wound on National 
XII-50 form. Coupling winding: 3 turns No. 22 
enam. wound on layer of Scotch Tape over cold 
end of L. 

La — 3 turns No. 12 tinned, ,/2 inch long, U-inch inside 
diameter, tapped 1 turn from cold end. 

Ji — Coaxial socket (Jones S-201). 
.12 — 5-prong socket on power cable. 
Pi — Coaxial plug (Jones P-201). 

Adjust the inductance by moving the core 
(moving the core inward increases the induct-
ance) and repeat the trimmer-setting process 
until the band can be tuned without any re-
adjustment of C4. When the mixer is function-
ing properly the same procedure should be fol-
lowed with the r.f. coil. It is well to note the 
performance of the mixer alone, as this will 
serve to determine whether the r.f. stage is 
performing as it should. There should be a 
noticeable increase in sensitivity when the 
r.f. stage is added, but if the mixer is function-
ing correctly it should be possible to get quite 
good performance with the mixer alone. 

It is well to make all converter adjustments 
with a communications receiver serving as the 
i.f., as it is difficult to observe minor changes 
when the superregenerative detector is used, 
becati-, of its strong a.v.c. characteristics. 

Fig. 12-31— Back view of 
the 2-meter converter. Two 
similar condensers mounted 
at right angles comprise the 
tuning assembly for the os-
cillator stage. 

• 
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The i.f. system should be peaked at 11 Mc. 
with a signal generator, and then the converter 
connected to it for an over-all check. The 
performance using the superregenerative i.f. 
unit will be somewhat lower than that of the 
converter-receiver combination, but ordinarily 
it should be possible to copy any signal on the 
mobile set-up that is solidly readable when the 
communications receiver is used for an i.f. sys-
tem. 

• A MOBILE CONVERTER 
FOR 144 MC. 

The circuit of the two-tube 144-Mc, con-
verter, shown in Figs. 12-29-12-31, is similar to 
the lower-frequency unit, except that the r.f. 
stage is omitted for the sake of simplicity. 
Even without the r.f. stage, performance well 
above that of the better superregenerative re-
ceivers is obtainable. The 2-meter converter 
uses a 6AK5 mixer and a 955 oscillator. Be-
cause the mixer tuning is fairly broad, no at-
tempt was made to gang the tuned circuits. 
and only the oscillator is tuned by the vernier 
dial. The mixer tuning condenser is provided 
with a front-panel knob, but once set for 
maximum signal at 146 Mc., it can be left in 
the same position for both ends of the band 
with a negligible sacrifice in sensitivity. 
From the schematic diagram, Fig. 12-30. 

it may be seen that the circuits of the con-
verters are somewhat similar except for the 
elimination of the r.f. stage and the use of a 
cathode-tapped coil in the oscillator circuit of 
the 2-meter unit. The converter was originally 
laid out using a 6J6 push-push mixer, but be-
cause of the difficulty of obtaining satisfactory 
performance with this arrangement, it was 
changed to the 6A K5. The " butterfly" tuning 
condenser used is a hangover from the 6.16 
›ct-up — an ordinary Trim-Aire, with its 
stator sawed in half, would do. 

All the parts are mounted on the front panel. 
so that the complete unit can be removed from 
the case intact. Sections of the folded-over 
edge of the case were sawed out at several 
points to provide space for easy removal. The 
oscillator and mixer assemblies are mounted on 
individual subpanels of folded aluminum, and 
most of the wiring can be done before these 
assemblies are fastened to the front panel. The 
coaxial socket for the antenna connection is 
mounted on a separate aluminum bracket, and 
projects through a hole located in the back of 
the case. 

Injection of oscillator voltage is accomplished 
in a manner similar to that used in the other 
converter, except that a smaller capacitor must 
be used, otherwise the oscillator will " pull out" 
when the mixer circuit is tuned to resonance. 
A 4.7-pmfd. ceramic condenser is connected to 
the hot end of the oscillator tuned circuit, and 
the coupling lead is run from this condenser to 
the mixer grid lead. By bringing the two 
tuned circuits closer together, it would be 

unnecessary to provide any coupling other 
than that between the two coils. 
The oscillator tuning condensers, C3 and C4e 

are similar mechanically, except that one has a 
shaft to which is affixed the vernier dial, and 
the other a screwdriver adjustment. It is im-
portant that two similar condensers be used in 
this arrangement, where the two are mounted 
at right angles, in order that the stators and 
rotors line up for direct connection without 
leads. With the condensers and coil used here, 
the 144- Mc, band covers about 50 divisions on 
the dial, permitting coverage up to 150 Mc. 
This is useful, as commercial signals are avail-
able in this range in many locations, and they 
are quite helpful in making necessary receiver 
adjustments and in judging the condition of 
the band. 
To do a compk4ely-effective job of mobile 

operation requires considerable attention to 
noise reduction. With this sort of receiver, the 
worst interference comes, not from the car's 
ignition system, but from the generator. The 
superregenerative detectoT provides effective 
silencing for noise pulses of short duration, 
such as ignition interference, but its inherent 
a.v.c. characteristics make it respond to a 
continuous noise such as the whine of the 
generator, to the exclusion of any weaker 
signal. It is for this reason that the use of " B" 
batteries for receiver plate supply is recom-
mended. There is almost certain to be enough 
noise from any vibrator or generator plate 
supply to effect at least a slight reduction in 
the over-all sensitivity of a receiver of this 
type. 

Modes of Operation 

Several types of reception are possible 
through variation in the setting of the regen-
eration control. With the plate voltage on the 
detector near maximum, the loudest " shush" 
and widest bandwidth are obtained. This is the 
setting normally used for 144-Mc, reception of 
nonstabilized signals. Backing off the regen-
eration control reduces the hiss level and sharp-
ens the response, and best all-around recep-
tion on 28 or 50 Mc. is usually obtained in this 
position. Further reduction of the plate volt-
age results in a whistle being heard as carriers 
are tuned in, and quite satisfactory c.w. re-
ception is possible at this setting. From here 
down, the detector is operating in a condition 
in between superregeneration and straight re-
generation for a considerable variation in the 
plate voltage. It goes into straight oscillation 
and then out of oscillation entirely as the 
voltage is reduced nearly to zero. Reception of 
modulated signals is possible when the de-
tector is operated in a manner similar to that 
used with regenerative detectors, and " hiss-
less" reception is possible at this point. Sensi-
tivity is considerably lower, however, giving 
striking proof of the value of superregeneration 
as a means of attaining high performance with 
a few tubes. 
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A Mobile Converter for the Car Receiver 

The converter shown in Figs. 12-32-12-36 is 
designed for use with a mobile broadcast re-
ceiver. Two sets of plug-in coils cover 6, 10 
and 11 meterE•,, the set not in use being plugged 
into a pair of dummy sockets in the base of the 
converter. Power for the unit is obtained from 
the car-receiver power supply, and a switching 
arrangement allows a standard car antenna to 
be used for either broadcast or amateur recep-
tion. The performance of the converter may 
be somewhat below that of more advanced 
types employing r.f. stages, but it is adequate 
for mobile operation, where high noise level 
and the low power of the transmitter are lim-
iting fart ors. 

Circuit Details 

As may be seen from the diagram, Fig. 
12-36, the converter uses a single 6BE6 penta-
grid converter tube, employing electronic in-
jection. A Colpitts oscillator is used, permit-
ting the rotor of the tuning condenser to be 
grounded and doing away with the need for a 
cathode tap or tickler coil. The mixer section 
also uses a grounded-rotor condenser. The out-
put transformer, C5, L4 and L5, is made as a 
plug-in unit. Switch sections SIA and 
transfer the antenna from the receiver input 
circuit to the converter, and, at the same time, 
connect the transformer output winding, L5, 
to the receiver input. Toggle switches 52 and 

Fig. 12-32 — Front view of the mobile converter. The 
heater- and plate-voltage ', itches are to the left and 
right of the vernier-dial c‘mtrol knob. The pilot light 
and input connector are at the left side of the case. A 
hole for screwdriver adjustment of the output trans-
former is located above the input plug. Tube sockets, 
mounted in the bottom of the case, are used as holders 
for the extra set of coils. 

53 are used for heater and stand-by purposes 
A VR-105 regulates the oscillator plate volt-
age, preventing oscillator frequency fluctua-
tion which would otherwise result from the 
voltage variation usually encountered in mo-
bile equipment. 

Fig. 12-33 — A side view of the mobile converter. The 
k mg shaft on the antenna change-over switch allows the 

itch to Ile operated without reaching down in among 
t lie ‘,t her components. 

Physical Layout 

A side view of the converter, Fig. 12-33, 
shows most of the components mounted on 
one of the detachable plates of a 3 X 4 X 5-
inch utility box. From top to bottom on the 
left side of the cover plate are the oscillator 

t he 6BE6 tube, and the mixer coil. The 
output transformer, the antenna switch, and 
the regulator tube are next in line, with the 
output jack, J2, just to the right of the output 
transformer, anti the input jack, J1, directly 
below J2. 
The inside view of the unit, Fig. 12-35, 

shows the parts closely grouped around the 
tuning condenser, C14, CIB, the mounting of 
which requires care in order that the control 
shaft can be made to line up with the vernier 
dial which is mounted on the small surface of 
t he case. It is suggested that the layout draw-
ing, Fig. 12-34, be followed as closely as pos-
sible. The condenser, mounted after other com-
ponents have been fastened in place, is 
equipped with the brackets that are supplied 
with the Trim-Aire type of condenser. These 
brackets are attached to the outer surfaces of 
the ceramic end plates, with the mounting lips 
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Fig. 12-34 — A mechanical drawing of the subehassis layout. 

facing toward the back of the condenser. Be-
tween the brackets and the panel are metal 
pillars ir¡f6 inch long. The position of the 
condenser is such that the stator terminals are 
just above the tube- and coil-socket prongs. 

It should be possible to follow the layout 
shown, as there is no excessive crowding of 
parts. Looking at Fig. 12-35, the oscillator 
components are at the left of the tuning con-
denser, with the mixer parts at the 
right. The output transformer is at 
the lower left and the regulator tube 
socket at t he right., with the antenna 
switch in between. The band-set con-
densers are soldered direct ly to the coil-
socket prongs. All four sockets have 
extra prongs, which may be used as 
tie-points for other components. 
The main part of the utility box 

needs some modification before the 
dial, switches and spare-coil sockets 
are mounted. It is necessary to fold 
back the t we -inch flanges which are 
at the top and bottom edges of the 
right side of the case, and the flange 
at the rear must be filed out in two 
places to provide clearance for jacks 
J1 and J2. 

Details of the coils are given in Fig. 

Fig. 12-35 — Inside view of the 6- , 10- and Il -
meter mobile converter. Practically all of the 
construction and %siring can be completed 
before the subchassis is attached to the case. 

12-36. The oscillator and mixer coils employ 
Millen No. 74002 shielded plug-in forms, and 
the output transformer uses the No. 74001 per-
meability-tuned form of similar construction. 
These were selected because of the protection 
their design affords against the rough handling 
to which such equipment is subjected. The out-
put transformer is designed to resonate near 
1500 ke., and is core-adjusted to this frequency. 
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Fig. 12-36 — Wiring diagram of the mobile converter for 6, 10 and 11 meters. 

CIA, CIB — Split-stator condenser, 15 ¡odd. per section SIA, SIB — 2-pole 2-circuit selector switch. 
(Cardwell Eli -15-A I)). S2, Sa — S.p.s.t. toggle switches. 

C2, Ca — 3-30-mdd. ceramic trimmer. 
C4, C5 — 100-pmfd. midget mica. 
C6, C7 — 0.0022-mfd. mica. 
Cs, Ca — 0.01-µfd. paper tubular. 
B: — 150 ohms, IA watt. 
R2 — 22,000 ohms, % watt. 
Ra — 680 ohm-. I watt. 
R4 — 2200 ohm-, 2 wat ts. 
Ra — 1000 ohms, 1 watt. 
h — 6.3-volt pilot lamp. 
h. — Coaxial-cable jack. 
— 4-prong male plug. 

Alignment and Installation 

The converter may be lined up using an a.c. 
power supply and a communications receiver. 
A good signal generator simplifies this task, 
but if none is available the job may be done as 
follows: Turn on the receiver, set the volume 
control at maximum, and with the receiver 
dial at 1500 kc. adjust the output transformer 
on the converter for greatest noise. With the 
10-meter coils in place and the tuning con-
denser setat about half capacitance, set the os-
cillator trimmer near maximum capacitance. 
With the aid of a signal, which may be noise 
from ignition or an electric razor, adjust the 
mixer trimmer for maximum response. Final 
adjustments can be made using amateur sig-
nals, resetting the oscillator trimmer as may 
be required to bring the band at the desired 
dial settings. The procedure outlined should 
be followed for the 6-meter range as well. 
Bandspread will be approximately 60 divisions 
for the 50-Mc. band and 85 for 27-29.7 Mc. 
The exact anode voltage for the 6BE6 will 

not be known until the converter is actually 
tested in the car installation. The tube is de-
signed to operate with 250 volts on the output 
plate and 100 volts on the oscillator plate. 
With a 150-ohm cathode resistor the cathode 
current is approximately 10 ma. It is impor-
tant that the regulator tube be allowed to 

Ste 

Li — 50 Mc.: 2% turns No. 18 d.c.c. wire, interwound 
in cold end of Lz. 

— 28 Me.: 3% turns No. 18 d.c.c. wire at cold end 
of La. 

L2, La — 50 Mc.: 4% turns No. 18 enameled » ire, 
spaced one diameter. 

—28 Mc.: 11% turns No. 18 enameled wire, 
inch long. 

L4 — No. 36 d.s.c. wire, close-wound, one inch long. 
14: — 15 turns No. 36 d.s.c. wire, close-wound over B. 

plus end of L4. Note that condenser C5 is 
mounted inside the coil shield. 

function normally at all times, and in cases 
where the receiver voltage is abnormally low 
it may be necessary to change the value of the 
limiting resistor, R4. The proper value will 
permit the tube to regulate (as indicated by a 
constant glow) over the complete voltage 
range, as the input voltage varies with the con-
dition of the car battery and the charging rate 
of the car generator. 

In modifying the car receiver it is necessary 
to remove it from its case and install a power 
plug for carrying the heater and plate voltages 
and the ground lead to the converter. The 
heater lead should be connected directly to 
one of the receiver tube sockets, to take advan-
tage of any 6-volt line filtering which may be 
incorporated in the receiver. Similarly, it is 
wise to tap for plate power at a point where 
the r.f. circuits are most heavily decoupled. 
This may result in a somewhat lower plate 
voltage than the maximum obtainable, but 
the extra filtering aids in eliminating hum and 
vibrator hash. 
Antenna and power cables should be made 

up at this time. One coaxial cable must reach 
from the car antenna to the converter and the 
second from the converter to the receiver an-
tenna connection. The 3-wire shielded power 
cable will connect between the receiver output 
plug and the 4-prong plug at the converter end. 
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In putting the converter into operation in the 

car it may be necessary to readjust the output 
transformer slightly, and retune the r.f. 
trimmer in the broadcast receiver slightly to 
compensate for loading effect of the converter. 
It may also be found that, although the broad-
cast receiver may be quiet in its operation, 
there may be considerable noise from ignition 

and the car generator when the converter is 
used. Even with the best available filters and 
suppressors the ignition noise may still be ex-
cessive, in which case the best solution to the 
problem is the installation of some form of 
noise silencer in the car receiver. Suitable noise 
silencers are completely described in Chapter 
Five. 

Wide-Band FM Reception 
Wide-band FM may be used in the 50-Mc. 

band above 52.5 Mc., and elsewhere through-
out the v.h.f. and higher bands. It represents 
an excellent means of obtaining high-quality 
noise-free reception at these frequencies, where 
the width of the passband required is not a 
problem. It shares with narrow-band FM an 
almost complete freedom from the broadcast-
interference problems that plague the urban 
amateur who uses amplitude modulation. A 
receiver designed for wide-band FM is also 
useful in work with stations using modulated-
oscillator type transmitters, on 144 Mc. and 
higher. Standard FM broadcast receivers may 
be used in conjunction with suitable converters 
for wide-band FM reception on any frequency. 
This technique is applicable up through the 
microwave range, and several of the workers 
in the amateur microwave bands have used 
wide-band FM detection in their pioneering 
efforts in this field. Receiving techniques for 
narrow-band FM are detailed in Chapter Five. 
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Fig. 12-37 — FM limiter circuits. A, single-tube plate-
saturation limiter; B, cascade limiter. Typical values 
are: 

Circuit .4 
CI — 100 umfd. 
Cs, C3 — 0.1 gfd. 

— 0.1 megohm. 
R2 — 2200 ohms. 
H3 — 47,000 ohms. 
R4 — 0-50,000 ohms. 
lis — 
Re — 

Circuit 11 
100 ggfd. 
0.1 gfd. 
220 ggfd. 
47,000 ohms. 
2200 ohms. 
47,000 ohms. 
0-50,000 ohms. 
3900 ohms. 
0.22 megolim. 

Plate-supply voltage is 250 in both circuits. 

• FM RECEIVERS 
A frequency-modulation receiver differs in 

circuit design from one designed for amplitude 
modulation chiefly in the arrangement used 
for detecting the signal. Detectors for ampli-
tude-modulated signals do not respond to 
frequency modulation. It is also necessary, for 
full realization of the noise-reducing benefits 
of the FM system, that the signal applied to 
the detector be completely free from amplitude 
modulation. In practice, this is attained by 
preventing the signal from rising above a 
given amplitude by means of a limiter. Since 
the weakest signal must be amplitude-limited, 
high gain must be provided ahead of the 
limiter; the superheterodyne type of circuit al-
most invariably is used to provide the neces-
sary gain. 
The r.f. and i.f. stages in a superheterodyne 

for FM reception are practically identical in 
circuit arrangement with those in an AM 
receiver. Since the use of FM is confined to the 
very-high frequencies (above 29 Mc.) a high 
intermediate frequency is employed, usually 
between 4 and 5 Mc. This not only reduces 
image response but also provides the greater 
bandwidth necessary to accommodate wide-
band frequency-modulated signals. 

Receiver Requirements 

The primary requirements are sufficient r.f. 
and i.f. gain to " saturate" the limiter even with 

a weak signal, sufficient bandwidth to 
accommodate the full frequency devi-
ation either side of the carrier fre-
quency without undue attenuation 
at the edges of the band, a limiter 
circuit that functions properly on 

both rapid and slow variations in amplitude, 
and a detector that gives a linear relation-
ship between frequency deviation and a in pli-
lude output. The audio circuits are the same 
as in other receivers, except that in communi-
cations-type receivers it is desirable to cut off 
the upper audio range by a low-pass filter be-
cause higher-frequency noise components have 
the greatest amplitude in an FM receiver 

The Limiter 

Limiter circuits generally are of the plate-
saturation type, where low plate and screen 
voltage are used to limit the plate-current flow 
at high signal amplitudes. Fig. 12-37A is a 
typical circuit. The tube is self-biased by a 
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grid leak, RI, and condenser, C1. R2, R3 and 
R4 form a voltage divider which puts the de-
sired voltages on the screen and plate. The 
lower the voltages the lower the signal level at 
which limiting occurs, but the r.f. output volt-
age of the limiter also is lower. C2 and C3 
are the plate and screen by-pass condensers, 
of conventional value for the intermediate 
frequency used. The time constant of RIC' de-
termines the behavior of the limiter with re-
spect to rapid and slow amplitude variations. 
For best operation on impulse noise the time 
constant should be small, but a too-small time 
constant limits the range of signal strengths 
the limiter can handle without departing from 
the constant-output condition. A larger time 
constant is better in this respect but is not so 
effective for rapid variations. Compromise 
constants are shown in Fig. 12-37. 
The cascade limiter, Fig. 12-37B, overcomes 

this by making the time constant in the first 
grid circuit suitable for effective operation on 
impulse noise, and that in the second grid 
(C4R6) optimum for a wide range of input sig-
nal strengths. This results, in addition, in more 
constant output over a very wide range of in-
put signal amplitudes because the voltage at 

Plate 

+6 

(A) 

(B) 
Fig. 12-38— FM discriminator circuits. In both cir-
cuits typical values for CI and C2 are 100 ',dd. each; RI 
and Ri, 0.1 megohm each. C3 in A is approximately 50 
Atafd., depending upon the intermediate frequency: 
RFC should be of a type designed for the i.f. in use (2.5 
millihenrvs is satisfactory for intermediate frequencies 
of 4 to 5 \Ir.). 

the grid of the second stage already is par-
tially amplitude-limited. Resistance coupling 
(R5C4R6) is used for simplicity and to prevent 
unwanted regeneration, additional gain at this 
point being unnecessary. 
The rectified voltage developed across R1 in 

either circuit may be applied to the i.f, ampli-
fier for a.v.c. 

Discriminator Circuits and Operation 

The FM detector commonly is called a dis-
criminator, because of its ability to discrimi-
nate between frequency deviations above and 

below the carrier frequency. 

A rectifier connected to an ordinary tuned 
circuit adjusted so that the signal frequency 
falls on one side of the response curve consti-
tutes an elementary discriminator, because the 
rectifier output will vary with a change in the 
carrier frequency. If two such circuits are used 
with a balanced rectifier, one tuned above and 
the other below the signal frequency, ampli-
tude variations are balanced out and the com-
bined rectified current is proportional to the 
frequency deviation. 
The circuit most widely used is the " series' . 

or center-tuned discriminator shown in Fig. 
12-38A. A special i.f. coupling transformer is 
used between the limiter and detector. Its 
secondary, LI, is center-tapped and is con-
nected back to the plate side of the primary 
circuit, which otherwise is conventional. C4 is 
the tuning condenser. The load circuits of the 
two diode rectifiers (RICIR2C2) are connected 
in series; constants are the seine as in ordinary 
diode detector circuits. Audio output is taken 
from across the two load resistances. 
The primary and secondary circuits are both 

adjusted to resonance in the center of the i.f. 
passband. The voltage applied to the rectifiers 
consists of two components, that induced in the 
secondary by the inductive coupling and that 
fed to the center of the secondary through C3. 
The phase relations between the two are such 
that at resonance the rectified load currents 
are equal in amplitude but flow in opposite 
directions through RI and R2, hence the net 
voltage across the terminals marked " audio 
output" is zero. When the carrier deviates 
from resonance the induced secondary current 
either lags or leads, depending upon whether 
the deviation is to the high- or low-frequency 
side, and this phase shift causes the induced 
current to combine with that fed through C3 
in such a way that one diode gets more voltage 
than the other when the frequency is below 
resonance, while the second diode gets the 
larger voltage when the frequency is higher 
than resonance. The voltage appearing across 
the output terminals is the difference between 
the two diode voltages. Thus a characteristic 
like that of Fig. 12-39 results, where the net 
rectified output voltage has opposite polarity 
for frequencies on either side of resonance, and 
up to a certain point becomes greater in ampli-
tude as the frequency deviation is greater. The 
straight-line portion of the curve is the useful 
detector characteristic. The separation be-
tween the peaks that mark the ends of the 
linear portion of the curve depends upon the 
Qs of the primary and secondary circuits and. 
the degree of coupling. The separation becomes 
greater with low Qs and close coupling. The 
circuit ordinarily is designed so that the peaks 
fall just outside the limits of the passband, 
thus utilizing most of the straight portion of 
the curve. Since the audio output is propor-
tional to the change in d.c. voltage with devia-
tion, it is advantageous for maximum output 
to keep the frequency separation between peaks 
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down to the minimum value necessary for a 
linear characteristic. 
A second type of discriminator is shown in 

Fig. 12-38B. Two secondary circuits are used, 
one tuned above the center frequency of the 
i.f. passband and the other below. They are 
coupled equally to the primary, which is tuned 
to the center frequency. As the carrier fre-
quency deviates the voltages induced in the 
secondaries will change in amplitude, the larger 
voltage appearing across the secondary being 
nearer resonance with the instantaneous fre-

Fig. 12.39— Character-
istic ola typical FM de-
tector. The vertical axis 
represents the voltage 
developed across the 
load resistor as the fre-
quency varies from the 
exact resonance fre-
quency. This deleetor 
would handle Fl 4g-
nals up to a bandwidth 
of 150 kc. over the linear 
portion of the curve. 

quency. The detection characteristic is similar 
to that of the center-tuned discriminator. The 
peak separation is determined by the Qs of the 
circuits, the coefficient of coupling, and the 
tuning of the secondaries: High Qs and loose 
coupling are required for close peak separation. 
A simple self-quenched superregenerative 

receiver may be used as a frequency detector if 
it is tuned so that the carrier frequency falls 
along the slope of the resonance curve. Two 
such detectors, off-tuned on either side of the 
carrier, may be used in push-pull. An alterna-
tive arrangement employing a superregenera-
tive stage as afirst i.f. amplifier at 75 Mc., fol-
lowing a converter unit, provides high gain 
and linear response with relatively few stages. 

FM-Receiver Alignment 

Alignment of I'M receivers up to the lim-
iter is similar to ut her superheterodynes. For 
output measurement, a 0-1 milliammeter or 
0-500 microammeter should be connected in 
series with the limiter grid resistor (RI in Fig. 
12-37A) at the grounded end; or, if the volt-
age drop across R1 is used for a.v.c. and the 
receiver is provided with a tuning meter, the 
tuning meter may be used as an output meter. 
An accurately-calibrated signal generator or 
test oscillator is desirable, since the i.f. should 
be aligned to be as symmetrical as posible; 
that is, the output reading should be the same 
for any two test-oscillator settings the same 
number of kilocycles above or below resonance. 
It is not necessary to have uniform response 
over the whole band to be received, although 
the output at the edges of the band (limit of 
deviation of the transmitted signals) should 
not be less than 25 per cent of the voltage at 
resonance. In communications work, a band-
width of 30 kc. or less ( 15 kc. or less deviation) 

is commonly used. Output readings should be 
taken with the oscillator set at intervals of a 
few kilocycles either side of resonance up to 
the band limits. 

After the i.f. (and front-end) alignment, the 
limiter operation should be checked. This can 
be done by temporarily disconnecting C3, if the 
discriminator circuit of Fig. 12-38A is used, 
disconnecting R1 and C1 on the cathode side, 
and inserting the milliammeter or micro-
ammeter in series with R2 at the low end. This 
converts the discriminator into an ordinary 
diode rectifier. Varying the signal-generator 
frequency over the channel, with the dis-
criminator transformer adjusted to resonance, 
should show no change in output (at the band-
widths used for communications purposes) as 
indicated by the rectified current read by the 
meter. At this point various plate and screen 
voltages can be tried on the limiter tube or 
tubes, to determine the set of conditions that 
gives maximum output with adequate limiting 
(no change in rectified current). 
When the limiter has been checked the 

discriminator connections can be restored, 
leaving the meter connected in series with R2. 
Provision should be made for reversing the 
connections to the meter terminals, to take 
care of the reversal in polarity of the net recti-
fied current. Set the signal generator to the 
center frequency of the band and adjust the 
discriminator-transformer trimmer condensers 
to resonance, which will be indicated by zero 
rectified current. Then set the test oscillator 
at the deviation limit on one side of the cen-
ter frequency, and note the meter reading. 
Reverse the meter terminals and set the test 
oscillator at the deviation limit on the other 
side. The two readings should be the same. If 
they are not, they can be made so by a slight 
adjustment of the primary trimmer. This will 
necessitate rechecking the response at reso-
nance to make sure it is still zero. Generally, 
the secondary trimmer will chiefly affect the 
zero-response frequency, while the primary 
trimmer will have most effect on the symmetry 
of the discriminator peaks. A detector curve 

Fig. 12.40— Oscil-
loscope patterns in 
FM i.f. alignment. 
A — 1.f.-amplifier 
response. B — Over-
all characteristic 
through the FM de-
tector. (A) (B) 

having satisfactory linearity can be obtained 
by cut-and-try adjustment of both trimmers. 
A visual curve tracer is particularly ad-

vantageous in aligning the wide-band i.f. 
amplifiers of FM receivers. The i.f. is first 
aligned with the discriminator circuit con-
verted into an AM diode detector, as described 
above, the pat tern appearing as in Fig. 12-40A. 
The over-all characteristic, including the FM 
detector, is shown in Fig. 12-40B. 
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V.H.F. Transmitters 
Beginning with the v.h.f. region, frequency 

assignments are no longer in direct harmonic 
relationship. This fact, coupled with the neces-
sity for extreme care in selection and arrange-
ment of components for low circuit capacitance 
and minimum lead inductance, makes it highly 
desirable to construct separate r.f. equipment 
for v.h.f. work, rather than attempt to adapt 
for v.h.f. use a transmitter designed for the 
lower frequencies. 

Transmitter stability requirements for 50 
Mc. are the same as for the lower-frequency 
bands, and, by careful attention to component 
placement, a rig may be made to serve well on 
50, 28, and even 14 Mc., but incorporation of 
50 Mc. and higher in the usual " all-band" 
transmitter is not generally feasible. 
At 144 Mc. and higher, no restrictions are 

imposed on transmitter stability, except that 
the whole emission must be kept within the 
band limits. This permits the use of modu-
lated-oscillator transmitters, and many of the 
stations now working on 144 Mc. and above 
still employ this simple type of gear. By proper 
choice of tubes and circuits, crystal control is 
applicable to 144 Mc. however, and the greatly-
increased occupancy of the band in metropoli-
tan areas makes stabilization of at least the 
higher-powered stations almost mandatory, if 
the full possibilities of the band are to be 
realized. Crystal control, or its equivalent, 
may even be employed on 235 and 420 Mc., 
but the use of these frequencies has not reached 

the point where stabilization is particularly 
important. 
Above 51 Mc., and higher throughout the 

v.h.f. and u.h.f. regions, frequency modulation 
as well as amplitude modulation is permitted 
by the amateur regulations. The 200-watt 
transmitter for 50 and 144 Mc. described in 
this chapter makes provision for the use of FM. 
and any crystal-controlled transmitter can be 
adapted for FM by using a frequency-modu-
lated oscillator to replace the crystal, in the 
manner described in Chapter Nine. 
At 420 Mc. and higher, most standard trans-

mitting tubes cannot be used with any degree 
of success. Instead, special tubes designed for 
these frequencies must be employed. Such 
tubes have extremely-close electrode spacing. 
to reduce transit-time effects, and are con-
structed with leads ' having virtually no in- . 
ductance. Several more-or-less-con ven tion al 
tubes are now available which will operate with 
fair efficiency up to above 500 Mc., and the 
disk-seal or " lighthouse" variety will function 
up to about 3000 Me. 
Above about 2000 Mc. the most useful types 

of tubes are the klystron and magnetron. These 
are essentially one-band devices, the frequency-
determining circuits being an integral part of 
the tube itself. Tuning over a small frequency 
range, such as an amateur band, is possible, 
usually by warping the cavity employed, but 
the tubes are not independent of frequency in 
the conventional sense. 

A 60-Watt AM—FM 50-Mc Transmitter or Exciter 

The transmitter shown in Figs. 13-1- 13-3, 
inclusive, has an output of approximately 40 
watts in the 50-Mc. band and is so designed 
that either frequency or amplitude modulation 
may be used. Aside from power supplies, no 
auxiliary apparatus is needed for FM trans-
mission, since the primary frequency control is 
a variable-frequency oscillator and a reactance 
modulator is included in the unit. For ampli-
tude modulation, a modulator having an audio 
power output of about 30 watts is required. 
As an alternative to electron-coupled VFO 

control, provision also is made for crystal con-
trol, using a Tri-tet oscillator. As shown in the 
circuit diagram, Fig. 13-2. the crystal useil-
lator and e.c. oscillator have a common plate 
circuit, the frequency being doubled in this 

circuit in both cases. Time oscillators are fol-
lowed by a 6V6 doubler, and this in turn drives 
the final amplifier, an 815. 
The tuned circuits are designed to cover a 

little more than the range required for the 
50-Mc. band so that the transmitter as shown 
can be lised to drive a power frequency multi-
plier tripling into the 144- Mc. band. The VFO 
grid circuit tunes from 12 to 13.5 Mc., the 
range from 12.5 to 13.5 Mc. being used for the 
50-Mc, band, and the range from 12 to 12.35 
Mc. being available for the 144-Mc. band. 
When crystal control is to be used, frequencies 
within the appropriate ranges should be se-
lected, since the oscillator portion of the Tri-tet 
circuit works over the same frequency range 
as the grid circuit of the VFO. Appropriate 

418 
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crystals in the 6-, 8-, or 12-Mc, ranges may be 
used, as the 6AG7 crystal oscillator will operate 
effectively as a quadrupler or tripler, as well 
as a doubler. 
The common oscillator plate circuit tunes 

from 24 to 27 Mc., with the 6V6 doubling to 
48 to 54 Mc. Either oscillator may be selected 
by means of a switch, SIA-21-C, which closes the 
cathode circuit of the desired oscillator. To 
prevent any possibility of accidental frequency 
modulation when amplitude modulation is 
being used, a three-position switch is employed. 
giving a front-panel selection of crystal or 
VFO control (for AM or c.w.) and VFO control 
with FM. 

Stability under changes in supply voltage is 
attained by supplying the VFO screen from a 
VH-150. This holds the screen voltage at 150 
when the plate potential is varied from 150 to 
600 volts. The cathode current to the oscil-
lator, measured in J2, remains practically con-
stant when the plate voltage is varied over this 
wide range, and the total frequency shift is 
only a few hundred cycles. With variations in 
plate voltage which would result from even the 
most severe line-voltage fluctuations, the fre-
quency shift in the oscillator is only a few 
cycles. 
The transmitter is built on a 10 X 17 X 3-

inch chassis, with all components except tubes, 
crystal and the final-stage output circuit 
mounted below the deck. Viewing the unit 
from the top front, the microphone transformer 
and 6SA7 reactance modulator are at the right 
front, with the VR-150 at the rear, adjacent 
to the antenna-coupling assembly. The crystal, 
crystal oscillator and VFO are grouped near 
the middle of the chassis, with the doubler and 
final tubes at the left. 
The front panel is a standard 83% X 19-inch 

crackle-finished Masonite unit. The VFO tun-
ing dial is centrally placed, with the oscillator 
and doubler tuning condensers at the left and 
the AM/FM switch and deviation control at 

i. 13 -1 — 
Front view of the 
50-111e. AM/FM 
transmitter. The 
r.f. section of the 
unit occupies the 
left-hand por-
tion of the chas-
sis. The V B-150, 
OA? reactance 
modulator, and 
microphone 
transformer are 
at the right. Note 
the neutralizing' 
capacitance wires 
at the left of the 
815. 
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the right. The final plate tuning knob is above 
the VFO dial, at the left, and the swinging-link 
adjustment is at the right. Jacks, from left to 
right, are J4. J3, .12 and J1. 
The two wires protruding through the chas-

sis close to the 815 are neutralizing " condens-
ers," labeled CNI and CN2 on the schematic 
diagram. They consist of two pieces of No. 14 
enameled wire soldered to the grid prongs of 
the 815 socket, crossed under the chassis, and 
brought through the chassis and held in posi-
tion by two small Isolantite feed-through bush-
ings ( Millen 32150). 

Adjustment Procedure 

Adjustment is simple and straightforward. 
The tuning range of the VFO should be 
checked first. This may be done with only the 
two oscillator tubes in place and the AM/FM 
switch in the VFO position. The oscillator 
plate condenser should be tuned for maximum 
r.f. indication in a neon bulb adjacent to L2, 
and the frequency checked in a receiver having 
a fairly-accurate calibration for the region 
around 12, 24, or 48 Mc. 
The size of the VFO grid coil, LI, is ex-

tremely critical, and if some pruning of this 
coil is to be avoided it would be advisable to 
make the 50-aafd. section of Cio an adjustable 
padder condenser, such as a Hammarlund 
APC-50, which can then be adjusted until 12 
Mc. appears at about 90 on the VFO vernier 
dial. The high-frequency limit, 13.5 Mc., 
should then come at approximately 10, giving 
a spread of about 18 divisions for the 144-Mc. 
band and 54 divisions for the 50-Mc. band. 
Without such a variable condenser, the num-
ber of turns on L1 must be adjusted by cut-
and-try until the proper tuning range is secured. 
In either case, the final adjustment of band 
coverage should be made with the 6SA7 react-
ance modulator in its socket so that its plate-
to-ground capacitance will be across the tuned 
eirvuit. 
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Fig. 13-2 — Wiring diagram of a 50-Mc. AM/FM transmitter. 

—0.01-afd. 400-volt paper tubular. 
Ca — 0.001-afd. mica. 
Ca — 8-zfd. 450-volt electrolytic and 0.0047-afil. mica 

in parallel. 
C41 C19 — 470-ppfd. mica. 
Cs, Cz, C(1, Co, C14, CIO, C17, C21. C22 — 0.0022-gfd. 

mica. 
Ce — 100-add. midget variable, screwdriver adjustment 

(lIammarlund APC-100). 
C43 — 50-00fd. variable, -straight-line-frequency" type 

(Ilammarlund MC-50-M). 
Cio — 100-aafd. and 50-asfd. in parallel (Sickles Silver-

cap). See text. 
Ci, — 100-551d. mica. 
Cla, Cis — 50-pmfd. variable (1Iammarlund MC-50-S). 
Cis — 47-pmfd. mica. 
Cae — 35 sad. per section, split stator (liammarlund 

MCD-35-M X). 
CN1, CN2 — Neutralizing capacitors. See text. 
RI — 0.5-megohm volume control, switch type. 
112 — 680 ohms, watt. 
Ra — 47,000 ohms, 4 watt. 
114, Re — 0.22 megohm, watt. 
115 — 4700 ohms, matt. 
R7, Re — 0.1 megohm, IA watt. 
118 — 5000 ohms, 5 watts. 
Ilto — 220 ohms, 1 watt. 
lli — 15.000 ohms, 1 matt. 
Iltz — 15,000 ohms, 5 watts. 

Operation of the crystal oscillator may next 
be checked. With a 100-ma. meter connected 
through J2, and the AM/FM switch in the 
"crystal" position, adjust the crystal-oscil-
lator cathode tuning, Cg, until the current dips 
sharply, indicating oscillation. This control 
should be set at the point that gives the low-
est cathode current consistent with easy crystal 
starting. Cathode current should be similar for 
both oscillators — about 20 ma. 
The doubler stage may next be tested by in-

stalling the 6V6 and '815 tubes, leaving the 
plate power off the 815. A meter having a 10-
ma. range should be used to measure the grid 
current in the 815, at Ja. The current should 
come up to about 6 ma. when the spacing 
between L3 and L4 is optimum, though this is 
more than is actually needed for satisfactory 
operation of the 815. 

— 8 turns No. 18 tinned, 34-inch diameter, 1-inch 
length on National PRF-2 form. Tapped 2 t. 
from ground end. 

L2 — 10 turns No. 14 e., Ya-inch diameter, spaced one 
diameter, air-wound. 

Ls — 4 turns No. 11 e., Y2-inch diameter, spaced one 
diameter, air-mound. 

14 — 5 turns each section, No. 14 e., Y,-inch diameter. 
Adjuq spacing for best coupling. See text. 

— 3 turns each section, No. 12, tinned, 1q-inch 
diameter, spaced one diameter. 

Ls — 2 turns No. 14 e., 1-inch diameter, swinging link. 
See photos and text. 

1,7 — 35 turns No. 24 d.c.c., close-wound on 9/16-inch 
diameter form (National PRE-3). 

111 — Microphone battery ( Burgess). 
.11 — Open-circuit jack. 
72, 73, 74 — Closed-circuit jack. 
REG, RFC,, 11FC4 — 2.5-mh. r.f. choke (National 

R-100). 
BECa — 2.5-mh. r.f. choke, end-mounting (National 

R-100-U). 
SIA-B-C — 3-position 3-contact rotary snitch (Mallory). 
S2 — Switch on deviation control, RI. 
Tt — Single-button microphone transformer (Thordar-

son T-83A78). 
Ta — 6.3-volt 4-amp. filament transformer. 

Next the position uf the neutralizing wires 
can be adjusted. The 815 plate tuning con-
denser, C20, should be rotated slowly, mean-
while watching the grid current for any varia-
tion. The position of the neutralizing wires 
should be adjusted until there is no sign of 
fluctuation in grid current as the tuning con-
denser is rotated. A length of wire extending 
about one inch above the metal ring on the 
815, at a position about MI inch from the glass 
envelope, should be sufficient. If this should be 
inadequate, small tabs of copper or brass can 
be soldered to the ends of the wires to afford 
additional capacitance to the tube plates. The 
neutralizing capacitance is necessary in order 
to ensure completely-stable operation. 

After neutralization, power may be applied 
to the 815 plates, while noting the cathode cur-
rent as indicated on a 200-ma. meter plugged 
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lis. 13-3— Under-did., - 
view of the 50-Me. AM/FM 
transmitter. At the lower 
center are the VFO grid coil 
and associated components. 
Over these are the crystal and 
cathode circuit for the 6AG7 
cry:4a] oscillator. At the upper 
right are the inductively. 
coupled doubler plate coil 
and final grid coil. The coil 
and condenser at the lower 
right comprise the plate cir-
cuit Is hie!, i. common to both 
oscillators. The doubler plate 
tuning condenser is at the ex-
treme right. 

into .14. The dip at resonance should bring the 
current to about 50 ma. with no load. A 40-
watt lamp connected across the swinging-link 
terminals should then give full-brilliancy 
indication when the link is adjusted for maxi-
mum coupling. This is with 500 volts applied, 
which should be used only after it has been 
determined that everything is functioning 
properly. If trouble is encountered, further 
tests should be made with reduced voltage to 
avoid damaging the tube. 
When the transmitter is put on the air, the 

full 500 volts at 150 ma. may be used for FM 
or c.w. operation. For plate modulation, the 
voltage should be reduced to about 400 for 
maximum tube life, even though the tube 
plates may show no color at the higher plate 
voltage. 

For frequency modulation, the 6SA7 react-
ance modulator provides the simplest possible 
means of obtaining the desired swing in fre-
quency. It may be operated with a single-
button microphone plugged into J1, or the 
modulator may be driven from a speech am-
plifier and crystal or dynamic microphone. The 
4utput of the speech amplifier should then be 
connected across potentiometer RI. and T1 may 

be omitted. In either case, potentiometer Ri 
serves as a deviation control, the frequency 
swing being adjusted to suit the receiver at the 
station being worked. 

For 144-Mc, work, or for operation above 
52.5 Me. in the 6-meter band, wide-band FM 
may be used if desired, in which case the 
setting of R1 may be anything up to full-on. 
The transmitter may also be used for narrow-
band FM on any frequency above 51 Mc. Con-
siderable care should then be used in adjusting 
the deviation, to be certain that the swing is 
within the prescribed limits. The procedure 
outlined in Chapter Nine may be followed for 
checking the deviation in NFM operation. 

In addition to the filament transformer, T2, 
indicated in the circuit diagram, the transmit-
ter requires two plate power supplies. One, for 
the 815, should have an output of 400 to 500 
volts at 175 ma.; the other, for the remaining 
tubes, should deliver 300 volts at approxi-
mately 100 milliamperes. 

If more power is desired, an 829 may be sub-
stituted for the 815. In this case an input of 100 
watts or more may be run, the output being as 
high as 85 watts at maximum operating 
conditions 

200-Watt Driver-Amplifier for 50 and 144 Mc. 

A companion medium-power driver-ampli-
fier for the 815 rig just described is shown in 
Figs. 13-4 to 13-7. The amplifier uses a pair of 
24G triodes in push-pull, while the driver, a 
frequency tripler used for 144-Mc, operation 
only, is a single 829-B. If operation on 144 
Mc. is not contemplated, all to the left of the 
final grid coil, L3 in Fig. 13-6, may be omitted. 

Looking at the front-panel view, Fig. 13-4, 
the two large dials are the plate tuning controls 
for both stages. The small dial at the left con-
trols the swinging link, the center one is the 
grid tuning control for the final, and the one 
at the far right is the tripler grid tuning. 
The rear view shows the general placement 

of parts. At the left rear is a jack-bar, contain-
ing terminals AA and BB, into which the link 
from the exciter is plugged to furnish excitation 
for the tripler (terminals AA) or final stage 
(terminals BB). The tripler grid-circuit com-
ponents, LiCi, are adjacent to the jack-bar. 
CI is mounted with its shaft parallel to the 
panel, in order to permit short leads, and is 
tuned by means of a flexible shaft. The 829-B 
and its plate-circuit components are mounted 
in such position as to permit inductive coupling 
between the plate coil of the tripler and the 
grid coil of the final, when the transmitter is 
used on 144 Mc. For 50-Mc. work the 829-B is 
inoperative, and the 50-Mc, grid coil (the same 
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coil is used in both tripler and final) just clears 
the plate coil of the 829-B. Care must be used 
in parts placement to work this out correctly. 

Between the grid tuning condenser, C3, and 
the 24G tubes are the two neutralizing con-
densers. These are triple-spaced midgets, 
mounted back-to-back, with coupled shafts. 
The stator plates had to be filed out to reduce 
the minimum capacitance to the small value 
needed to neutralize the 24Gs. The final tank 
condenser. C5, and the jack-bar for the final 
plate coil are positioned for the short leads 
that are required if satisfactory performance 
on 144 Me. is to be attained. ILL leads in the 
final stage are made with %-inch silver ribbon. 
which is appreciably better than braid at these 
frequencies. Thin copper strip may also be used. 
All connections in the plate circuit of the 24Gs 
should be made with bolts and nuts, as the 
tank circuit will heat sufficiently during 
144-Mc. operation to melt soldered connections 
and increase losses. Plate connections to the 
829-B are made by means of small Fahnestock 
clips. The tripler plate coil is supplied with two 
of these clips ( Millen 36021), so that it may be 
removed separately from the condenser leads, 
in replacing the tube. 

Operation on 50 Mc. 

When the amplifier is to be used on 50 Mc. 
the switch, SI, is left open, so that the heater of 
the tripler will not be energized when S2 is 

• 

Fig. 13-5 — Rear view of the driver. 
amplifier for 50 and 144 Mc., nith 
coils in place for 144-Me. operation. 
At the loser left are the link socket 
and the grid circuit of the tripler 
stage. The plate coil of the tripler is 
inductively-coupled to the final grid 
coil, a single turn. All parts are 
grouped as closely as possible, for 
efficient performance on 114 Mc. ILL 
leads in the final stage are made of 
U-inch silver ribbon. 

• 

• 

Fig. 13-4 — Front view of the 200-natt 
glriver-amplifier for 50 and I il Mr. l Ii i no 
large dials are the plate tuning g•ontrol-. The 

111 dial at the left adjusts the r, ir of 
be sit put coupling link, thé eentér 

grid tuning control for the fin,d, and die ( bird 
small dial is the tripler grid  g 
Across the loser center are the filament 
snitches and grid-current meter jack. 

close ,I. The link from the exciter is plugged into 
terminals BB in the jack-bar, which is a Millen 
41205 coil socket. The output oi the exciter 
is thus connected to the link terminals of the 
final grid-coil socket, a National XB-16. 
The final stage should be tested on 50 Mc. 

before attempting 144-Mc. operation. With the 
proper coils inserted at L3 and L4, and with 
power on the exciter but no plate voltage on 
the final, rotate C3 for maximum grid current. 
Set the neutralizing condensers at maximum 
capacitance and rotate C5. If the plate circuit is 
capable of being resonated there will be a kick 
in the grid current as the circuit passes through 
resonance. The neutralizing condensers should 
be rotated, a small amount at a time, until t he 
kick in the grid current disappears. This will 
probably occur close to the minimum-capaci-
tance setting of C45 and C41.. 
Power may now be applied to the plate 

circuit. It is advisable to ,make initial tuning 
adjustments at low voltage, preferably 750 
volts or less. If everything is in order, the plate 
current will drop to about 20 ma. at resonance. 
at this voltage. A load of some sort should now 
be connected across the output terminals and 
the operation tested at increasingly higher 
voltages. The final tubes should be capable of 
an input of 250 watts or more on 50 Mc. 
without exceeding their normal plate dissipa-
tion of 50 watts for the pair, indicated by .11, 
bright orange color. 
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Fig. 13-6 — Schematic diagram of the 200-watt driver-amplifier. 

C1 — 15-ppfil. variable (Cardwell ZR-15-AS)• 
C2 — 10-ppfd.-per-section split stator (Cardwell ER-

10-A D). 
— 15-ppfd.-per-section split stator (Cardwell ET-

15-AD). 
— 2-plate triple-spaced midget variable 

(Cardwell ZS-4-SS with stator plates filed to 
reduce minimum capacitance). 

Ca — 4-ppfd.-per-sertion split stator (Cardwell ES-4-
SD). 

Cg, C7 — 470-ppfd. midget mica. 
Cs, Cg 0.001-5fil. mica. 
Cu: — 500-ppfd. 2500-volt mica. 

— 500-ppfd. 1000-volt mica. 
RI — 4700-ohm 2-watt carbon. 
112 — 50,000 ohms, 10 watts. 
113 — 250 ohms, 10 watts. 
114 — 15,000 ohms, 10 watts. 
Ill — 3000 ohms, 10 watts. 
— 4 turns No. 18, 1%-inch diameter, 1 inch long, 3. 

turn center link ( National AR-16, 10-C, with 2 
turns removed from each end). 

Checking on 144 Mc. 

For operation on 144 Mc., the switch, Si, 
whould be closed, energizing the heater of the 
829-B tripler. The link from the exciter should 
be plugged into terminals AA on the jack-bar, 
so that drive is applied to the tripler grid cir-
cuit. The 144-Mc, coils should be inserted at 
L3 and L4. It will be noted that these coils have 
no bases. The grid coil ( merely a center-tapped 
" U") is made of No. 12 wire, which fits snugly 
in the coil-socket terminals. It should be bent 

• 

Fig. 13-7 — Bottom view of the 50-
144-Mc. driver-amplifier. 

• 

+WV 
(MOD) 

1,2 — 2 turns No. 12 enameled, 744-inch diameter, space( 
% inch. 

1,3 — 50 Mc.: Use Li. 144 Mc.: Center-tapped "U" 
made from No. 12 enameled wire, 4 inch high, 

inch wide. See rear-view photograph. Sockets 
for Li and L3 are National X11-16. 

L4 — 50 %lc.: 1 turns each side of center-tap, spaced 
diameter of wire, on Millen No. 40205 base. 

— 144 Mc.: 2 turns 3'4-inch brass rod, spaced to fit 
into socket terminals, 1%-inch inside diameter. 
%lay be silver-plated for best results. 

L5 — Swinging link: 3 turns No. 12 enameled wire, 
1%-inch diam. Mount for adjustment on poly-
styrene rod; see rear-view photograph. 

J: — Closed-circuit jack. 
MA: — 0-200 d.c. milliammeter. 
MA2 — 0-100 d.e. milliammeter. 
NIA3 — 0-300 (I.e. milliammeter. 
RFC:, RFC2 — Ohmite 
Si, S2 — S.p.s.t. toggle switch. 
Ti — 6.3 volts, 2.5 amp. 
T2 — 6.3 volts. 6 amp. 

slightly toward the 829-B plate coil, L2, so that 
it fits between the turns at a position that 
provides optimuin inductive coupling. The 
final plate coil is made of 3's-inch brass rod, 
which provides a tight fit in the jack-bar. The 
coil may be silver-plated, if desired. 
The grid coil for the tripler (L1) may be the 

same coil as is used for 50-Mc, operation at 
L3. With this coil in place and the output of the 
exciter on 48 Mc., the operation of the tripler 
may be checked, using a voltage of around 400 
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on the plates of the 829—B initially. The grid 
circuit of the final should then be tuned to 
resonance as indicated by maximum grid cur-
rent. The plate voltage on the tripler may be 
raised to 600 volts, if necessary, to assure ade-
quate grid drive for the final stage. Typical 
operating conditions are as follows: tripler 
plate voltage — 600; plate current — 125 ma.; 
tripler grid current (read in Ji) — 10 ma. or 
more; final grid current — 35 to 50 ma. 

Neutralization of the final should be re-
checked, as the position of C4a and C4b may be 
slightly different from the 50-Mc. setting. Pow-
er may then be applied to the final stage, using 
low voltages at first. The final stage should not 
be operated without load, except with low plate 
voltages, as tank-circuit losses will cause ex-
cessive heating otherwise. The dip in plate 
current at resonance will be less than at 50 
Mc., and minimum current at 1000 volts will 
probably not drop below about 65 ma. The 
maximum recommended plate potential for 
144-Me, operation is about 1250 volts, though 
tests have been made on this amplifier at 
voltages as high as 1700. 
A safe check on the operation of the tubes is 

to adjust the plate voltage (with no excitation 

applied) until an input of 50 watts is being run 
to the pair. Note the color of the plates at this 
input — a bright orange. If this color is not 
exceeded in normal operation, one may be sure 
that the tubes are being operated within safe 
limits. An input of 200 watts can be handled 
safely on 144 Mc. if the stage is running 
properly. 
The transmitter may be used for c. w. work on 

either band by keying the cathode of the driv-
iqg stage. If the 829-B tripler cathode is to be 
keyed a jack will have to be added. Provision 
should be made to add fixed bias in series be-
tween the final grid meter, MA2, and ground. 
A 45-volt " B" battery will suffice to hold the 
24G plate current to a safe value when the 
excitation is removed. 
The three meters shown in the schematic 

diagram, but not in the photographs, are 
mounted on a separate meter panel. Another 
useful addition, not shown, is a 3500-ohm 
10-watt potentiometer, connected in series 
with R5, so that the final-stage bias can be 
varied to suit different operating conditions. 
This is particularly useful if the transmitter is 
to be used on c.w. and FM, as well as AM 
voice operation. 

A 60-Watt Transmitter for 50, 28 and 14 Mc. 

The transmitter-exciter shown in Figs. 13-
8, 13-9 and 13-10 is a three-stage unit de-
signed for use in the 50-, 28- and 14- Mc. 
bands. It employs a 6V6GT Tri-tet oscillator, 
a 6V6GT frequency multiplier, and an 815 
operating as a straight amplifier without neu-
tralization. It is capable of an input of 75 watts 
when being operated as an exciter or c.w. 
transmitter, but the power should be reduced 
to 60 watts input if the amplifier is modulated. 
Plug-in coils are employed for simplicity and 
flexibility. 

Circuit Features 

The Tri-tet oscillator has a fixed-frequency 
cathode circuit which resonates at approxi-
mately 21.5 Mc. With the cathode circuit so 

tuned, it is possible to employ a wide variety 
of crystal frequencies. For operation on 14 Mc., 
3.5-Mc, crystals may be used, with the oscilla-
tor plate circuit tuned to 7 Mc., doubling in 
the second 6V6GT to 14 Mc. Most 3.5- Mc. 
crystals will deliver sufficient output from the 
oscillator on 7 Mc. to permit operating the 
second stage as a quadrupler to 28 Mc. also. 
Crystals between 7000 and 7200 ke. can be 
used with the oscillator working straight-
through, provided that the oscillator plate 
circuit is not resonated at exactly the crystal 
frequency. Crystals from 7000 to 7425 Ice. are 
used for operation of the amplifier in the 28-
Mc. "band, the oscillator doubling in this case. 
For 50-Mc, operation crystals between 6250 

and 6750 kc. are recommended. The oscillator 

Fig. 13-8 — A front view of 
the 815 transmitter-exciter for 
50, 28 and 1-1 Mc. Coils for 
50-Nie. opera  " are in place. 

• 
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Fig. 13-9 — Circuit diagram of the 815 transmitter-exciter. 

Ci — 25-iimfd. variable (Cardwell ZR-25-AS). 
C2 — 50-mpfd.-per-seetion variable (Bud LC-1662). 
Ca — 35-umfd.-per-section variable (Ilammarlund M CD-

35-SX). 
C4 — 68-$oifd. mica. 
Ca, Ca, CO, CIO — 0.01-pfd. paper. 
C7 — 0.0022-gfd. mica. 
Cs — 100-upfd. mica. 
Cll. C12 — 470-iodd. mica. 
111 0.12 meghom, watt. 
R2 — 220 ohms, 34 watt. 
R3 — 15,000 ohms, 1 watt. 
R4, R7, Rs, Rio, 1111, R14 — 100 ohms, IA'? watt. 
Re, Ra — 5,000 ohms, 10 watts, adjustable. 
Re — 47,000 ohms, j2 watt. 
R12, Rn — 5,000 ohms, 10 matte, adjustable. 
R15 — 40,000 ohms, 10 watt, 
Li — 8 turns No. 18 enameled, close.wound, 1A-inch dia. 
— 7 Mc. — 25 turns No. 20 d.c.c.„ close-wound, 

1 inch long. 
14 Mc. — 12 turns No. 20 d.c.c., space-wound, 
1 inch long. 

28 Mc. — 5 turns No. 18 enameled, space-wound, 
inch long. 

14— 14 Mc. — 9 turns No. 20 d.c.c., close-wound, 
.34 inch long. 

28 Mc. — 6 turns No. 20 d.c.c., space-wound, 
3% inch long. 

is then operated as a quadrupler and the sec-
ond stage as a doubler. The oscillator may also 
be operated as a tripler, using crystals between 
8334 and 9000 kc., or as a doubler with 12.5-
13.5-Mc. crystals. The complete unit may also 
be used as a driver for a 144-Mc. tripler stage 
by using thè above crystal types, except that 
the ranges would then be 6000-6166, 8000-
8222, or 12,000-12,333 kc. 

Cathode bias is used on the oscillator stage, 
maintaining the plate current at a reasonable 
figure. The common-power-supply voltage is 
lowered to 300 volts by the dropping resistor, 
R6, and the screen voltage of 250 is obtained 
from resistor R3. The by-pass condenser, C7, is 
inserted between the cold end of the plate coil, 
L2, and ground, in order to permit grounding 
of the tuning-condenser rotor. Capacitive cou-
pling, through C8, is used between the oscilla-
tor and the multiplier stage. 
The multiplier stage has a self-resonant 

plate circuit which is inductively-coupled to 
the grid circuit of the final amplifier. This ar-
rangement was found to give better balance of 
excitation to the final-stage grids than did the 

RFC, 

R14 

50 Me. — 3 turns No. 18 enameled, space-wound, 
% inch long. 

Le — 14 Mc. — 11 turns No. 20 close-wound, 
7 turns each side of primary. 

28 Mc. — 6 turns No. 20 d.c.c., spaced diam. w ire, 
3 turns each side of primary. 

50 Mc. — 4 turns No. 18 enameled, spaced diam. 
wire, 2 turns each side of primary. 

Above coils are wound on 1-inch diameter forms 
(Millen 45004 for Le: Millen 45005 for La-L4). Approxi-
mately 1/8. inch between La and L4. 
La — 14 Mc. — 14 turns No. 16, 1%-inch diameter, 

2 inches long. (B & W 20-JVL.) 
28 Mc. — 8 turns No. 12, 1%-inch diameter, 
2 inches long. (B & W 10-JVL.) 

50 Mc. — 4 turns No. 12, 1%-inch diameter, 2 
inches long. (B & W 10-JVL with 2 turns re-
moved from each end.) 

Above coils are wound in two sections with half the 
total number of turns each side of center. A 96-inch 
space is left at the center to permit the use of a swinging 
link ( 1,6). The Barker & Williamson code are mounted on 
five-prong bases of the type which plug into tube sockets. 
J — Closed-circuit jack. 
MA — 0-50 milliarnmeter. 
RFC', RFC2, RFC3 — 2.5-mh. r.f. choke. 
SI 4, SIB — 2-circuit 6-position selector switch (Mallory 

3226J). 

use of a self-resonant grid circuit in the final 
stage and a tuned plate circuit for the 6V6GT. 
Resistors R9 and Ri5 drop the screen and plate 
voltages to the proper values. Grid bias is de-
veloped across R6. The cathode by-pass con-
denser, C9, is required because of the lengthen-
ing of the cathode lead by the insertion of the 
keying jack, J. No neutralization is required 
in this stage, since it is operated as a frequency 
multiplier at all times. 

Bias for the final amplifier is obtained from 
a 45-volt " B" battery, permitting the preced-
ing stage to be keyed for c.w. operation. The 
voltage-divider network, R12 and R13, can be 
adjusted to provide the proper screen voltage 
for either type of operation. The plate tuning-
condenser rotor is connected directly to ground. 
Power output js taken from the plate circuit 
by means of the adjustable link, L6, which is 
part of the plug-in plate-coil assembly. 
A switching system is provided for measur-

ing all the necessary currents with one 50-ma. 
meter, connecting it across shunt resistors 
R4, R7, R8, R10, Ru and R14. The range of the 
meter is extended to 300 ma. by means of. Ru, 

 o 
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which consists of about 31 inches of No. 30 
insulated wire scramble-wound on a 100-ohm 
resistor. The length of wire required for this 
shunt may vary with different types of meters. 

Mechanical Details 

The front-view photograph, Fig. 13-8, 
shows the arrangement of the principll com-
ponents. The chassis measures 3 X 4 X 17 
inches. It is suggested that this layout be fol-
lowed closely, particularly as regards the ar-
rangement of parts in the 815 plate and grid 
circuits, since this layout permits operation 
of the 815 without neutralization. Compo-
nents, along the top of the chassis, from left to 
-right, are the crystal, oscillator tube, oscillator 
plate coil, multiplier tube, multiplier plate 
and final grid coil, final-amplifier tube, and 
amplifier tank circuit. A 5-connector terminal 
strip may be seen just to the rear of the 815. 
Across the front wall are the oscillator tuning 
knob, the keying jack, meter switch, multi-
plier tuning knob, and meter. 
The 815 socket is mounted on a subchassis 

which can be seen in the bottom view, Fig. 
13-10. This unit, Millen No. 80009, also in-
cludes the tube shield, which was cut off in 
this case so that, with the shield just flush with 
the chassis, the tube socket is 1 32 inches below. 
Arrangement of other components is apparent 
from the bottom view. Resistors R12 and R13 
are at the right end near the coil socket. The 
amplifier plate choke, RFC3, is on a stand-off 
adjacent to the coil socket, and the meter 
shunt, R14, is connected between the choke 
and one end of R13. The dropping resistor, R9, 
is parallel to the rear wall of the chassis, and 
R5 is at right angles to it, both below, and to 
the left of, the sockets for the 6V6GT and its 
associated plug-in coil. RFC' and RFC2 are 
mounted on stand-off insulators at the rear of 
the tube sockets. The cathode coil, LI, is self-
supporting, and is mounted directly on the 
tube-socket terminals. All other small parts 
are grouped.closely adjacent to their respective 
tube sockets. 

Coil information is given in full detail un-
der Fig. 13-9. The number of turns specified 
should be satisfactory for the frequencies of 
operation referred to, though some adjust-
ment of the coupling between windings of L3 
and L4 may be required. Since variation in 
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Fig. 13-10 — A bottom-inside 
vies of the 815 transmitter. 

• 

spacing of these windings affects the tuning 
range of the L/C combination to a noticeable 
degree, the setting of C2 should be checked as 
the coupling adjustment is being carried on. 

Testing Procedure 

The power supply for the transmitter should 
be capable of delivering 275 to 300 ma. at 400 
or 500 volts. The filament transformer should 
supply 6.3 volts at 2.5 amperes or more. It is 
advisable to test the oscillator and multiplier 
stages before applying plate and screen voltage 
to the 815. The jumper between Terminals 4 
and 5 on the terminal strip should be left off 
during this operation. With plate voltage ap-
plied to the oscillator and doubler, the oscilla-
tor plate circuit should be tuned to resonance 
as indicated by maximum grid current in the 
next stage. The amplifier grid circuit should 
then be tuned for maximum grid current. With 
the coil specifications given it is unlikely that 
the circuits will tune to an incorrect harmonic; 
nevertheless, it is wise to check with a cali-
brated absorption-type wavemeter to be sure 
that such is not the case. Dropping resistors 
R5 and R9 should be set at their full value of 
5000 ohms during this operation, final setting 
of the adjustments being made after the power 
supply is loaded by the entire transmitter. 
Grid current to the final stage should be about 
15 ma. for all bands at this point. This may be 
adjusted by changing the turns on L3, or by 
detuning C2, if the grid current is excessive. 
Detuning of C2 is recommended as the more 
satisfactory of the two methods. 
The final amplifier may now be put into 

operation. The screen voltage should be tapped 
in between the screen divider, R12 and R13, 
and the jumper connected between Terminals 
4 and 5. With plate voltage and grid excitation 
applied, the off-resonance plate current should 
be about 250 ma., çlropping to about 25 ma. 
when the plate circuit is tuned to resonance. 
A dummy load such as a lamp should be con-
nected across the output terminals, and the 
coupling adjusted to bring the plate current 
up to 150 ma. at resonance. 
The oscillator and multiplier plate voltages 

and the amplifier screen voltage should now be 
adjusted to 300 and 200 volts, respectively, 
by adjusting the taps on R5, R9 and R13. It is 
probable that the amplifier plate current will 
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change appreciably at this point, so it will be 
desirable to readjust the coupling so that the 
current is again 150 ma., and readjust the re-
sistor taps as required to secure the correct 
voltages on the various tube elements. Adjust-
ment for ' phone operation is similar, except 
that the amplifier screen and plate voltages 
should. be 175 and 400 volts, respectively. 
With all voltages set for the proper values, 

the currents will run about as follows: oscillator 
and doubler plates — 35 ma.; doubler grid — 
1 to 3 ma.; 815 grid — 5 to 6 ma.; 815 screen 
— 17 ma.; 815 plate — 150 ma. The 815 screen 
current should drop to 15 ma. for 'phone oper-
ation. A grid current of 4 to 6 ma. in the 815 

is adequate. Though more grid current is 
usually available, an increase beyond 6 ma. 
does not improve the output. In c.w. opera-
tion, it will be noticed that the 815 plate cur-
rent does not drop completely, off when the 
excitation is removed. This is no cause for 
concern, so long as the plate and screen dissi-
pation are held to recommended levels. 
The amplifier plate coils are provided with 

links designed for working into a low-impe-
dance line. The amplifier may thus be used for 
direct feed in the case of antenna systems 
having matched lines, or it may work into a 
line feeding an antenna-coupling unit, in case 
tuned-feeder antenna systems are employed. 

A 3-Stage Stabilized Transmitter 

A three-stage transmitter in which fre-
quency-modulation effects are quite small is 
shown in Figs. 13-11-13-14, inclusive. It in-
eludes a 6C4 oscillator, 6C4 neutralized buffer 
amplifier, and 815 final amplifier, as shown in 
the circuit diagram, Fig. 13-12. The oscillator 
and buffer are built as a unit on a " U"-shaped 
piece of aluminum 6.q inches long on top, 2% 
inches high, and 2% inches deep on the top. 
The 815 is mounted on a vertical aluminum 
piece measuring 4% inches high and 3 inches 
wide, reinforced by bending side lips as shown 
in the photographs. The two sections are as-
sembled on a 6 X 14 X 3-inch chassis. 
The oscillator circuit is " high-C," using a 

butterfly-type condenser with three circular 
rotor plates, two butterfly rotors, and four split-
stator plates. This condenser has a high mini-
mum capacitance and a small tuning range. 
The construction of the buffer amplifier is 

quite similar to that of the oscillator. The buffer 
tuning condenser consists of a rotor having 
three butterfly plates and two stators each 
having two 90-degree plates. The grid circuit of 
the buffer is self-resonant, the tuning being ad-
justed by squeezing the turns of the grid coil 
L2 together, or prying them apart. The buffer 

Fig. 13-11 — A three-stage 
transmitter using a 6C4 mas-
ter oscillator, 64:4 buffer am-
plifier, and 815 final amplifier 
for stabilized transmission in 
the 141-Me. hand. The oscil-
lator and buffer are built as a 
unit on the folded-alu lll i l 111111 

chassis at the right. The trans-
mitter develops a carrier out-
put of about 40 watts. 

• 

neutralizing condenser, C7, mounted directly 
between the grid of the 6C4 and the lower set. 
of stator plates of Cg, is a 3-30-pmfd. trimmer 
with the movable plate removed and a washer 
soldered under the head of the adjusting screw. 
The washer, by replacing the movable plate, 
reduces the capacitance of the condenser to a 
value suitable for neutralizing the 6C4. This 
capacitor may be conveniently adjusted 
through the open end of the chassis. Its loca-
tion is clearly shown in Fig. 13-13. 
The grid coil of the final amplifier also is 

resonant with the input capacitance of the 815, 
just as the buffer grid circuit is self-resonant. 
For best operation, the 815 requires neutraliza-
tion at this frequency. The neutralizing " con-
densers," Cg and C10 in the circuit diagram, are 
simply pieces of No. 14 wire extending from 
the grid of one section of the 815 to the vicinity 
of the plate of the other section. The wires are 
crossed at the bottom of the tube socket and 
go through Millen 32150 bushings in the metal 
partition. The screen and filament by-pass con-
densers are mounted so that the leads between 
the socket prongs and the nearest ground point 
are as short as possible. This wiring should be 
done before mounting the partition. 
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Fig. 13-12 — Circuit diagram of the stabilized 144-Mc. transmitter. 

Ct — 3-30-jaufd. trimmer. 
C2, Co, Cii, Cis — 470-pmfd. midget mica. 
Cg, CO — 47-55M. midget mica. 
C4 — Oscillator tuning; Cardwell ER-14-BF/SL. 
— Neutralizing capacitor; see text. 

Cs — Buffer tuning; Cardwell ER-6-BF/S. 
Co, CIO — Amplifier neutralizing; see text. 
CIO — Amplifier tuning; Cardwell ER-6-BF/S. 
CI4 — 100 um fil.. 2500 volts. 
RI, 112 — 22,000 ohms, watt. 
113— 15,000 ohms, 1 watt. 
114 — 15.000 ohms, 10 watts. 
Ti — 6.3-volt 2-amp, filament transformer. 

The amplifier plate tank circuit uses a con-
denser of the sanie construction as that used in 
the buffer tank. It is mounted as closely as 
possible to the plate caps on the 815, and to 
preserve circuit symmetry the condenser is 
tuned from the left-hand edge of the chassis. 
If the transmitter is to be equipped with a 
regular panel this condenser may be operated 
by a right-angle drive from the front. 
The output terminals are a standard bind-

ing-post assembly on polystyrene, mounted on 
metal posts 2% inches high to bring the cou-
pling coil in proper relation to the amplifier 
plate tank coil, L5. Antenna coupling is ad-

Fit. 13-13 — A rear 
view of the three. 
stage 144-Mc. trans-
mitter. The oscil-
lator is at the left, 
with the buffer am-
plifier in the center. 
The 815 final is at 
the right. 

• 

RFC, 

c 

Li — 2 turns No. 12 bare wire; inside diameter 916 inch, 
length 1 inch; plate-supply tap at center. 

L2 — 2 turns No. 11, inside diameter l/2' inch; turns 
spaced wire diameter. 

L3 — 4 turns No. it, inside diameter 44 inch, length 
1 inch: elate-supply tap at center. 

L4 — 2 turn.. No. 14, inside diameter inch; turns 
spaced diameter of wire; tapped at center. 

Ls — 2 turns No. 12, inside diameter 1 inch, length 1 
inch: plate-supply tap at center. 

1.6— 2 turns \ o. 12, inside diameter inch. 
11FC1, RFC2, RFC3, R FC4 — 1-inch winding No. 24 

d.s.c. on 3-inch diam. polystyrene rod. 
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the first step is to adjust the frequency range 
of the oscillator, using Lecher wires or a 
calibrated absorption-type wavemeter. This 
should be done after C1 has been adjusted for 
maximum output. Then, using loose coupling 
between the buffer grid coil, L2, and the os-
cillator tank coil. L1 (the coupling may be 
adjusted by bending L2 away from L1 on its 
mounting lugs), adjust L2 by changing the turn 
spacing until the grid circuit is resonant. 
Resonance will be indicated by maximum os-
cillator plate current; it can also be checked 
by measuring the voltage across the buffer 
grid leak, R2, with a high-resistance volt-
meter. The maximum voltmeter reading 
(about 40 volts) indicates resonance. The 
buffer should next be neutralized by varying 
the capacitance of C7 until there is no change 
in the voltage across R2 when the buffer 
tank condenser, C8, is tuned through reso-
nance. The point of correct neutralization also 
can be determined by- coupling a sensitive 
absorption wavemeter such as is described in 
the chapter on Measuring Equipment to the 
buffer plate coil, and adjusting C7 for minimum 
reading. With this method, care must be used 
to avoid coupling between the wavemeter and 
the oscillator; link coupling between £3 and 
the wavemeter, with the latter far enough 
away so that it does not give a reading from 
the oscillator alone, should be used. Another 
method of checking neutralization is to adjust 
the turn spacing of the amplifier grid coil, L4, 
to resonance and measure the 815 grid current 
(with no plate or screen voltage on the tube) 
and adjust C7 for zero grid current. 

After the buffer is neutralized, plate voltage 
may be applied and C8 adjusted to resonance, 
as indicated by minimum plate current. If the 
coupling to the final amplifier is quite loose, 
the minimum plate current should be approxi-
mately 17 ma. The amplifier grid coil may next 
be resonated (by adjusting the spacing between 
turns) and the coupling increased until the 
maximum grid current is çecure(1 The grid cur-

Fig. 13-1 I — t I tdcrilvath the ol the 111- \ l,. 
MOPA transmitter. The filament transformer, ampli-
fier plate by-pass condenser, anti screen-dropping resistor 
are mounted here. 

rent should be 4 milliamperes or more and the 
buffer plate current should rise to about 28 ma. 

Neutralization of the 815 is the next step. 
The process is similar to that outlined for the 
815 transmitter described at the beginning of 
the chapter. Plate and screen voltage may then 
be applied. With no load on the amplifier the 
plate current should dip to approximately 65 
ma. at resonance. Loading the amplifier to a 
plate current of 150 ma. should not cause the 
grid current to drop below about 3.5 ma. A 
40-watt lamp used as a dummy load should 
light to practically normal brightness at this 
input, using a plate-supply voltage of 400. 

For greatest stability, the coupling between 
the oscillator and buffer should be as loose as 
possible. It is better to obtain the rated 815 
grid current of 3 milliamperes by using tight 
coupling between the buffer and amplifier and 
loose coupling between the oscillator and buffer 
than vice versa. With normal operation the os-
cillator plate current should be approximately 
25 ma. and the buffer plate current 28 ma., at 
300 volts. 
A modulator for the transmitter should have 

an audio output of 35 watts, using a coupling 
transformer designed to work into a 2500-
ohm load. This transmitter is described in 
greater detail in QST for April, 1946. 

144-Mc. Double Beam-Tetrode Power Amplifier 

An amplifier set-up suitable for use with 
double beam-tetrode tubes is shown in Figs. 
13-15, 13-16 and 13-17. The tube in the photo-
graphs is an 829, but an 815 or 832 can be used 
in the same layout. The only change that might 
be required would be in the inductances of the 
grid and plate coils, L2 and L3; these may have 
to be made slightly smaller or larger in diam-
eter to compensate for the differences in input 
and output capacitances in the various types. 
The physical arrangement of the components 
is similar to that used for the 815 amplifier 
incorporated in the three-stage transmitter 
described above. When an 829 is used, the am-
plifier is well suited for use as an outboard unit 
with war-surplus transmitters such as the 
SCR-522. 

The amplifier is built on an aluminum chassis 
formed by bending the long edges of a 5 X 
10-inch piece of aluminum to form vertical 
lips VI inch high, so that the top-of-chassis 
dimensions are 31/2 by 10 inches. The tube 
socket is mounted on a vertical aluminum par-
tition measuring 3q inches high by 3 X inches 
wide on the flat face, with the sides bent as 
shown in the photographs to provide bracing. 
The partition is mounted to the chassis by 
right-angle brackets fastened to the sides. 
The socket is mounted with the cathode con-
nection at the top, the cathode prong being 
directly grounded to the nearest mounting 
screw for the socket. The heater by-pass con-
denser, C6, is mounted directly over the center 
of the tube socket, extending between the 
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paralleled heater prongs at the bottom and the 
cathode prong at the top. The screen by-pass 
is connected with short leads between the 
screen prong and the nearest socket screw. 
The grid coil, L2, is supported by the grid 

prongs on the socket. The two turns of the coil 
are spaced about one-half inch to allow room 
for the input coupling coil L1 to be inserted 
between them. The coupling is adjusted by 
bending L1 into or out of L2. The grid tuning 
condenser, C1, is mounted between the socket 
prongs; although the condenser has mica in-
sulation it is used essentially as an air-dielectric 
condenser since the movable plate does not 
actually contact the mica at any setting inside 
the band. The coupling link is soldered to lugs 
under binding posts on a National FWG strip, 
the strip being mounted on metal 
pillars 1 inches high to bring the 
link to the same height as the grid coil. 

Although the shielding between the 
input and output circuits of the tube 
is sufficiently good so that the circuit 
will not self-oscillate, tuning of the 
plate circuit will react on the grid cir-
cuit to some extent because the grid-
plate capacitance, while small, is not 
zero. To eliminate this reaction it is 
necessary to neutralize the tube. The 
neutralizing " condensers" are lengths 
of No. 12 wire soldered to the grid 
prongs on the socket. The wires are 
crossed over the socket and then go 
through small ceramic feed-throughs 
at the top of the vertical shield, pro-
jecting over the tube plates on the 
other side as shown in Fig. 13-15. 

Connections between the plate tank 
condenser, C7, and the tube plate ter-
minals are made by means of small 
Fahnestock clips soldered to short 
lengths of flexible wire. The tank coil, 
1.3, is mounted on the same condenser 

RFC 

*HV. 

Fig. 13-15 — A 144. 
Me. amplifier using a 
double beam tetrotle. 
This type of construc-
tion is suitable for the 
815 and 832 as well as 
the 829 shown  The 
vertical partit •  pro-
vides support for the 
tube as well as shield-
ing between the input 
and output circuits. 
Note the neutralizing 
"condensers" formed 
by the wires near the 
tube plates. 

terminals to which the plate clips make con-
nection. The output link, 1.4, is mounted 
similarly to the grid link except that the posts 
are 1% inches high. The plate choke, RFC1, is 
mounted vertically on the chassis midway 
between the plate prongs of the tube, the 
mounting means being a short machine screw 
threaded into the end of the polystyrene rod. 
The " cold" lead of the choke is by-passed by 
C5 underneath the chassis. 
Supply connections are made through a 5-post 

strip on the rear edge of the chassis. The dotted 
lines between connections in Fig. 13-16 indicate 
that these connections are normally short-cir-
cuited ; leads are brought out so that the grid and 
screen currents can be measured separately. 

In adjusting the amplifier, the plate and 

829 L3 L2 

Cs 

il 

R2 

His. 

CI 6 

= 
63V. AC. 

R, 

Fig. 13-16 — Circuit of the 8.'.9 amplifier for 141 Mc. 

C, — 3-30-,44fd. ceramic trimmer. 
(:2., C3 — Neutralizing condensers; see text. 
C4 500-mufd. mica, 1000 volts. 
CS — 500-etetfd. mica. 2500 volts. 
Cs — 470.551d. mica. 
C7 — Split stator, 15 apfd. per section (Cardwell Eli- 15-AD). 
RI — 4700 ohms, 1 watt. 
I12 — 10.000 ohms, 10 watts. 
— 2 turns No. 12, diameter % inch. 

IS — 2 turns No. 12, diameter ;•¡ inch, length y¡ inch. 
13 — 2 turns No. 12, diameter 1% inches, length 1 inch. 
1.4 — 2 turns No. 12, diameter 1 inch. 
RFC' — 1-inch winding of No. 24 d.s.c. or s.c.c. on %.inch diam-

eter polystyrene rod. 
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Fig. 1.3-17 
view of the I 11-‘1, 
amplifier. 'I'he neutral-
izing wires are crossed 
over the socket before 
going through the 
feed- through in-
sulators, 'I'he input 
circuit is designed for 
link coupling to the 
driver stage. 

screen voltages should be left off and the d.c. 
grid circuit closed through a milliammeter of 
0-25 or 0-50 range. The driver should be 
coupled to the amplifier input circuit through 
a link (Amphenol Twin-Lead is suitable, be-
cause of its constant impedance and low r.f. 
losses). Use loose coupling between Li and L2 
at first, and adjust C1 to make the grid circuit 
resonate at the driver frequency, as indicated 
by maximum grid current. The coupling be-
tween L1 and L2 may then be increased to make 
the grid current slightly higher than the rated 
load value for the tube used — approximately 
12 ma. for the 829. If the driver is an oscillator, 
the coupling between L1-L2 should be as loose 
as possible with proper grid current. 

After neutralization, the procedure for which 
has been given in connection with other similar 
amplifiers, plate and screen voltage may be ap-
plied. If possible, the plate voltage should be 
low at first trial so there will be no danger of 
overloading the tube. Adjust C7 to resonance, 
as indicated by minimum plate current ( thi.: 
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should be measured independently of the 
screen); with the 829, the minimum plate cur-
rent should be in the neighborhood of 80 
milliamperes with 400 volts on the plate and 
no load on the circuit. A dummy load such as a 
60-watt lamp should light to something near 
full brilliance when the coupling between L3 
and L4 is adjusted to make the tube draw a 
plate current of 200 ma. When the loading is 
set, the grid current should be checked to make 
sure it is up to the rating for the tube. If it has 
decreased, the coupling between L1 and L2 
should be increased to bring it back to normal. 

Power-supply and modulator requirements 
will depend upon the particular tube used. For 
the 829, the plate supply should have an output 
voltage of 400 to 500 with a current capacity of 
250 milliamperes. With a 400-volt supply the 
modulator power required is 50 watts, with an 
output transformer designed to work into a 
1600-ohm load; with a 500-volt supply slightly 
over 60 watts of audio power is needed, the 
load being 2000 ohms. 

A Low-Cost 2-Meter Transmitter 

Until very recently, most 144-Mc, stations 
employed simple transmitters of the modu-
lated-oscillator type. Since the superregenera-
tive receiver was also widely used, the instabil-
ity of the transmitters was not a matter of 
great importance; but with the rapid swing to 
stabilized transmitters and selective receivers 
now in evidence, most of the modulated-oscil-
lator signals are no longer readable. It is, how-
ever, still possible, by careful design and proper 
operation, to use the simple and economical 
oscillator rig and yet radiate a signal that can 
be copied on all but the most selective receiv-
ers. Such a transmitter is shown in Figs. 
13-18, 13-21 and 13-22. 

Oscillator Ills and Their Treatment 
There are two principal faults in most simple 

2-meter transmitters. Many use filament tubes 
with a.c. applied to the filaments, causing 
severe hum modulation. Others, through poor 
design, have insufficient feed-back (as evi-
denced by low grid current) so that they are 
unable to sustain strong oscillation under load. 
Lack of sufficient excitation also renders them 
incapable of maintaining oscillation at low 
plate voltages, causing them to go out of oscil-
lation over a considerable portion of the modu-
lation cycle. Such oscillators suffer from ex-
treme frequency modulation, making their 
signals unreadable on all but the very broadest 
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B'- AS +275V. A- MAX. 

receivers, and even on these the quality is poor 
indeed. 
No simple transmitter can hope to overcome 

these faults entirely, but they are materially 
reduced in the rig described herewith. A.c. hum 
modulation is reduced through the use of in-
directly-heated tubes; and stability is im-
proved through the use of a high-C push-pull 

6V6GT 

Fig. 13-19 — Schematic diagram 
CI, C. — 10-pfd. 25-volt electrolytic. 
C2 — 8-afd. 450-volt electrolytic. 
C3, C5 — 0.01-mfd..600-volt paper. 
CO — "Butterfly" variable (Cardwell ER-14-BF/S modi-

fied: see text). 
RI — 470 ohms, 1 watt. 
R2 — 0.33 megohm, watt. 
Ra, R4 — 5000 ohms, 5 watts. 
Ra — 0.47 megohm, watt. 
R. — 680 ohms, 1 watt. 
R7 — 10,000 ohms, 1 watt. 

Fig. 13-18 — Front view of the simple 
I 11.‘le. transmitter. The jacks at each 
side of the antenna terminals are for in-
sertion of a meter in the oscillator grid 
(left) and plate ( right) circuits. The 
microphone jack is at the lower left and 
the on-off switch is at the right. The 
ealibration scale is drawn with India ink 
on heavy white paper. 

• 

oscillator, employing the familiar 
"unity-coupled" circuit. This ar-
rangement, wherein the grid coil 
is fed through the inside of a plate 
tank made of copper tubing, pro-
vides adequate excitation. Sta-
bility over wide ranges of plate 
voltage is quite good, and the de-
gree of frequency modulation is 
not too severe if the modulation is 
held to 75 per cent or less. It is 
laid out so that it is stable mechan-
ically. reducing possible frt,quenoy 
ellittigés from vibration. 

Mechanical Details 

The transmitter is designed for 
use with a plate supply of 250 to 
300 volts, making it useful for 

mobile or low-powered home-station opera-
tion. It employs a pair of 2C22 tubes (also 
known as 7193s) as oscillators, a 6V6GT mod-
ulator, and a 6C4 as a speech amplifier and 
source of microphone voltage. It is housed in a 
standard 5 X 6 X 8-inch utility cabinet, the 
back and front of which are removable. The 
schematic diagram is shown in Fig. 13-19. 

eRFC, 
«=. 

3 

2C22 

2C22 

RFC2_5 

of the simple 144-Mc. transmitter. 
Li — Midget filter choke. 
L2, L3 — Unity-coupled grid and plate coils. See.text 

and Fig. 13-20. 
J2, Js — Closed-circuit jack. 

RFC' — No. 28 d.s.c. wire, close-wound on 1-watt re-
sistor, 3.(-inch diam., 5% inch long. 

RFC2, RFC3, RFC4, RFCa — 20 turns No. 20 d.s.c. 
wire close-wound on %.inch polystyrene rod. 

St — S.p.s.t. toggle switch. 
Ti — Single-button microphone transformer (UTC 

"Ouncer" — surplus). 



V.H.F. TRANSMITTERS 433 
The plate tank " coil" is made of j6-inch 

copper tubing, bent into a " U" which is two 
inches long overall. The ends of the " U" are 
made into spade lugs, as shown in Fig. 13-20, 
the slotted ends providing a small range of 
inductance adjust ment. The lug ends are 
fastened directly to two of the stator terminals 
of the butterfly-type tank condenser, Cg. Part 
of the " U" is cut out at the curved end, to 
provide an opening for the center-tap of the 

CUT-OUT FOR 
GRID. COIL 
CENTER-TAP 

Fig. 13-20 — Detail drawing of the oscillator plate in-
ductance. It is made from lí,.ith copper tubing, bent 
into a "U" shape. Ends of thc " U" are formed into 
spade lugs, the slots in which i,rovide a means of slight 
inductance adjustment. It is mounted directly on the 
stator terminals of the tuning condenser. 

grid coil. An easy way to make the grid coil 
is to cut two pieces of flexible insulated wire, 
about four inches long, and feed them into the 
"U" through the center opening. The protrud-
ing tap, made by twisting the ends of the wires 

Fig 13-21 — Back 
view of the 2-meter 
transmitter, showing 
the symmetrical ar-
rangement of com-
ponents. Note that the 
"U"-shaped tank in-
ductance is mounted 
directly on tlae stator 
terminals of the butter-
fly Lulling condenser. 

• 

together, should be coated with household 
cement after the grid resistor has been soldered 
to it. Note that the grid leads are transposed. 
The 2C22s will not oscillate if these are im-
properly connected. The plate leads may be 
made of 3j-inch copper braid, or copper or 
silver ribbon is even better, if available. If 
braid is used, it may be made solid at the end 
by flowing solder over the last half inch, after 
which it may be drilled, to pass the stator 
terminal screw. 

Provision is made for reading both grid and 
plate current to the oscillator, two meter jacks 
being mounted on either side of the plate tank. 
Their terminals make convenient mounting 
places for k7 and RFC'. Note that the jacks are 
connected so that the meter leads need not be 
reversed when changing from one jack to the 
other. The plate-meter jack must, of course, be 
insulated from the metal panel. 
No battery is required for microphone cur-

rent, this being obtained by running the cath-
ode current of the 6C4 speech amplifier 
through the microphone transformer. The 6C4 
cathode is by-passed with a large electrolytic 
condenser, and the plate is decoupled and by-
passed to reduce hum. Since the 6C4 stage is 
used principally as a source of microphone 
current, resistance coupling to the 6V6GT 
modulator gives adequate drive. No gain 
control is included, as the full output of the 
modulator is insufficient for overmodulation. 
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Fig. 13-22 — Under-chassis view shows the four heater chokes and audio 
components. 'I'he small round object, left center, is the microphone 
transformer, a surplus midget unit. The audio choke is at the right. 

white 
Testing 

Since the grid is the controlling element in 
the operation of any Class C stage, it is impor-
tant that the grid current be observed in adjust-

ing the oscillator. The plate cur-
rent may be almost meaningless, 
as an indication of the proper func-
tioning of such a stage, but the 
grid current shows plainly if the 
oscillator is functioning correctly. 
If the grid current and bias are 
normal for the tubes used, the 
plate current can be ignored, ex-
cept to see that the input is not 
excessive. Grid current in this os-
cillator should run about 8 ma. 
when a plate voltage of 275 or so 
is used and the oscillator is loaded 
by a lamp or antenna. The " U "-
shaped antenna-coupling loop 
should be adjusted until the grid 
current is approximately this 
value. The plate current will be 
about 60 ma. with 275 volts on 
the plates. 
The transmitter frequency 

should be checked with Lecher 
wires, or by listening to the signal 
in a calibrated receiver. In either 
case there should be a load across 
the antenna terminals, as the fre-
quency may be appreciably differ-
ent between loaded and unloaded 
operation. 
The rough calibration scale 

shown was first roughed on a 
card using pencil, and afterward drawn 

over in India ink. The calibration card is glued 
to the panel, and further held in place by the 
condenser mounting nut and two small machine 
screws. 

Mobile Transmitters 

In most respects, gear designed for mobile 
operation is similar to that used for home-
station service, except for the additional con-
siderations imposed by space and current-drain 
limitations and the need to withstand constant 
vibration. Though there are various types of 
power supplies capable of delivering more 
power, the most satisfactory arrangement for 
most mobile installations is the generator or 
vibrator supply that furnishes 300 volts at 

100 to 150 ma. This power is within the capa-
bility of the average family-car battery, mak-
ing unnecessary the separate batteries and 
special generators usually needed when higher-
powered systems are employed. The transmit-
ters described below are designed for 300-volt 
service, though in several instances they may 
be modified readily for use at higher power 
levels, if the car battery and generator will 
handle the extra load imposed. 

A Mobile Transmitter for 50 and 28 Mc. 

Low over-all battery drain in mobile opera-
tion is best obtained through the use of fila-
ment-type tubes which are lighted only during 
transmission periods. The mobile unit for 6, 
10 and 11 meters, shown in Figs. 13-23-13-27, 
employs filament-type beam tetrodes through-
out. Five 2E30s are used, as crystal oscillator, 
frequency multiplier, Class A driver, and push-
pull Class A13 modulators. The final stage is a 
2E25, a tube of somewhat larger design, having 

its plate connection at the top of the envelope. 
Total filament current is only 4.3 amperes, and 
there is no drain whatever when the rig is not 
actually on the air. 

Mechanical Details 

The transmitter is housed in a crackle-
finished cabinet which may be mounted in back 
of the seat in coupé-type vehicles or in the 
trunk compartment of sedans. 
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Fig. 13.23 — A typical 
installation of the 6-
and 10-meter mobile 
tran,mitter. The small 
al ttttt inum box at the 
right of the huit houses 
the antenna change-
over relay. The gen-
emotor and its starting 
relay are mounted un-
der the hood, adjacent 
to the car battery. Op-
eration of the transmit-
ter is controlled entirely 
by the push-to-talk 
switch on the hand 
inieriiphone. 

Special at is paid to ruggedness of 
construction, all leads being made as short and 
direct as possible. Small components are sup-
ported with terminal strips at each end where 
possible, and tuning controls are equipped 
with dial locks ( National ODL). The meter 
(a Marion 0- 10-ma. sealed unit) is back-of-
panel mounted, with a sheet of Lucite serving 
as a protecting window. This method of 
mounting the meter, about inch in back 
of the panel, also provides a convenient method 
for illuminating the meter face. Dial lights are 
mounted at either side of the meter, as shown 
in Figs. 13-24 and 13-26. 
By using 100-mad. variable condensers for 

C2 and C3, the range of the oscillator and mul-
tiplier plate circuits is extended, so that it is 
unnecessary to change these coils in changing 
bands. Only the crystal and the final plate coil, 

14, need be changed. Complete push-to-talk 
operation is made possible through the use of 
1 wo relays. Ryi starts the genemot or and applies 
the filament, voltage to the transmitter. ley. 
transfers the antenna from receiver to trans-
mitter. Both are controlled by the swit ch on 
the microphone, which may be any single-but-
ton type that has a control switch. The Arim-
T-17-B, now currently available as govern-
ment surplus. is shown with the rig. 

The Circuit 

The crystal oscillator is a Tri-tet, modified 
for filament-type tubes. Interwound coils are 
inserted in the filament leads, and one of these 
is tuned. The setting of this adjustment is not 
critical and may be left near maximum setting, 
for both 7- and 8.4- Me. crystals. The oscillator 
doubles in its plate circuit for both bands. 

Fig. 13-24 — The plate circuit of the 
final stage of the mobile transmitter 
is the only r.f. circuit above the chas-
sis. The three tubes at the left are the 
driver and audio stages, with the os-
cillator and multiplier tube- directly 
in back of the meter. The t obe to the 
right of the modulation transformer 
is the 0A2 voltage regulator. Chassis 
size is 7 X 13 X 2 inches. 

• 
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Fig. 13-25 — Wiring diagram of the mobile rig for 6 and 10 meters. 

C1 — 100-aafd. midget, screwdriver-adjustment type 
(Ilammarlund APC-100). 

Ca, Ca — 100-sel. midget, shaft type ( Ilammarlund 
11F-100). 

— 15 add., double spaced (Ilammarlund II FA-
15-E). 

Ca — 0.001.pfd. mica. 
Cs, C7, Co, CII, Cl2, (: I3 470-upfd. midget mica. 
Ce, CIO — 100-add. midget mica. 
Ri — 82,000 ohms, 1 % att. 
R2, Re — 1000 ohms, ,'/¡ watt. 
113, R7, RIO — 100 ohms, 1/2 watt. 
Ri, Rs, Rie, 1113 — Special shunts. (See text.) 
Its — 150,000 ohms, 1 watt. 
Re — 33,000 ohms, 1 watt. 

1116-- 5000 ohms, 10 watts. 
RI4 10,000 ohms, Y¡ watt. 
His — 0.5-megohm potentiometer. 
14, 1.2 — 7 turns each, No. 20 d.c.c., % inch long on 

1-inch dia. form, % hidings Interwound. 
La -- 10 turns No. 12 enam., close-wound on 1-inch diam. 

form. 

The stage following the oscillator is oper-
ated as a doubler for 27- and 28- Me, work, and 
as a tripler for 50 Mc. The 2E30 is an effective 
frequency multiplier, and there is adequate 
excitation for the final in either case. Screen 
voltage on the exciter stages is stabilized with 
a miniature voltage-regulator tube, an 0A2. 
With screen voltage of 150, the plate input to 
both 2E30s is held to about 6 watts per tube. 
The final stage uses a 2E25, whose top-cap 

plate connection permits the mounting of the 
plate circuit above the chassis, well isolated 
from the other tuned circuits.. A small shield. 
cut from an old-style tube shield to a length 
of about one inch. comes up to the bottom of 

— 6 turns No. 12 enam., inch long, -inch inside 
diam., self-supporting. 

Le — 28 Mc.: I 0 turns No. 12 enam., 1 AI inches long, 1. 
inch iii- i.1.• ' limn., self-supporting. 

50 Mc.: 5 turns No. 12 enam., 1 inch long, 1-indu 
inside diam., self-supporting. 

Le — 3 turns on ?A-inch polystyrene rod — see test and 
detail photo. 

Ji — Socket on power cable, 5 prong. 
— Double-button microphone jack. If T-17-11 milk's I-

phone is used, a special jack designed for this 
microphone must be obtained. 

Ja — Coaxial fitting (Amphenol 83-111. Matching plug 
is 83-1SPN). 

— 0-10-ma. sealed unit ( Marion). 
Pi — Power plug on transmitter chassis. 
RFC — 2.5-mh. r.f. choke, National 11-100. 

See text. 
Si, Sa — S.p.s.t. snap switch. 
— 2-section 5-position wafer-type switch. 

Ti — Single-button microphone transformer. 
T2— Driver transformer (Stancor A-4752). 
T3 — Modulation transformer (ETC S-I8). 

the 2E25 plate assembly. These precautions are 
sufficient to provide completely-stable opera-
tion without neutralization. 
The antenna coupling coil. Le. is wound on a 

short length of polystyrene rod inch in di-
ameter, into which is inserted a 3.-inch rod 
of the same material. This shaft projects 
through the front panel, where a shaft-locking 
panel bushing ( Bud PB-532 bushing, Millen 
10061 shaft lock) holds it in the desired posi-
tion. Coupling is adjusted by pushing or pull-
ing the knob affixed to the shaft, following 
which the bushing may be tightened for per-
manent setting. The bushing may also be set 
finger-tight, allowing the coupling to be ad-



V.H.F. TRANSMITTERS 

Fig. 13-2( — I ) et ail photo of the 2E25 final stage, show-
ing method of coupling to the antenna. The coupling 
coil, wound on a polystyrene rod, is adjustable from the 
front panel. The plate coil is mounted by means of 
G.R. plugs. 

justed, yet holding it with sufficient firmness to 
prevent its being jarred out of position. 
Three 2E30s are used for the modulator, 

one as a Class A driver and two in push-pull as 
Class AB modulators. All three are triode-
connected. Bias is supplied by a 30-volt hear-
ing-aid battery, which can be tapped at 15 
volts by opening up the cardboard case and 
soldering on a lead at the point where the two 
15-volt sections are joined together. This lead 
is brought out to the unueed terminal on the 
battery socket and plug. 

Metering of all circuits is provided by a 10-
ma. meter, a 2-section 5-position switch, and a 
set of shunts. The shunts are made from small 
100-ohm resistors, on which is wound about 7 
feet of No. 30 enameled wire. The shunts should 
be wound with an excess of wire, the length of 
which may be reduced until the multiplication 
of the meter scale is just right. The resistor 
Rio in the final grid circuit is left without a 
shunt, giving direct reading on the 10-ma, scale 
for measuring the final grid current. 

Fig. 13.27 — Bottom view of the mo-
bile rig. At the left center are the 
interwound coil and tuning con-
denser which are part of the oscil-
lator filament circuit. ti. Ii,, com-
ponents are at the left. ,... eillator 
and multiplier plate circuits. near the 
&inn panel. 
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Testing 

Except for the speech stages, the unit may 
be tested using 6.3 volts a.c. on the filaments 
and an a.c. power supply. A storage battery 
must be used for filament supply when the 
,peocli equipment is to be tested, as a.c. on 
the filaments will produce excessive hum. 
I rut ial testing should be carried on with about 
200 volts on the tube plates. When operation 
has been found to be satisfactory, this may 
be raised to 300. 
To place the unit in operation, set Si to the 

"on" position, leaving S2 "off." With the 
meter switch in position A, apply plate volt-
age and note meter reading, which is the 
oscillator plate current. This will be about 20 
nia., dipping slightly at resonance as C2 is 
adjusted. Next switch to position B and ad-
just C3. The dip here may not be as pro-
nounced as in the oscillator, and the final 
grid current, position C, 10-ma. scale, is the 
best indication of resonance in the preceding 
adjustments. This reading should be about 4 
ma., dropping to 3 ma. under load. With 82 
turned on, the final plate current, position 
D, should drop to below 10 ma. at resonance, 
and coupling of the antenna should raise it to 
50 to 60 ma. Modulator plate current will be 
about 20 ma., rising to 60 ma. or more on au-
dio peaks. No metering position is provided 
for the Class A driver current, but this should 
be approximately 10 ma. 
With the coil and condenser values given, it 

is impossible to get output from the final stage 
on a wrong frequency, but excitation to the 
final may be obtained on incorrect harmonics; 
hence it is advisable to check the frequency of 
each stage with a calibrated absorption-type 
wavemeter. 

Installation 

For maximum convenience, the same an-
tenna should be used for both transmission 
and reception. Antenna change-over is handled 
with a conventional 6-volt antenna relay which 
is mounted in a small box made up for the 
purpose from folded sheet aluminum. Am-
phenol coaxial fittings, mounted on the sides 
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of the relay box as close to the relay contacts 
as possible, provide for connection to the 
transmitter, the receiver, and the antenna by 
means of coaxial line. The relay case is 
grounded and only the inner conductor of the 
coaxial line is switched. 
A headlight relay for genemotor starting 

may be purchased from any auto-accessory 
store, and this and t he genemot or should be 
mounted as close to t he car bat tery as possible. 
in order to minimize voltage drop. Battery 
wiring and filament cables should be as heavy 

wire as possible, with No. 12 as the minimum 
for the genemotor leads. 

For actual mobile operation, the quarter-
wave telescoping "whip" antenna, operating as 
al. Marconi in the manner shown in Fig. 14-11. 
is convenient. Much greater range in stationary 
operation from high locations may be had 
with half-wave radiators or multielement ar-
rays. either of which may be arranged for 
easy on-the-spot assembly. An example of such 
a portable array for 50 Mc. is shown in Fig. 
14-12, Chapter Fourteen. 

Mobile Transmitter for 144-Mc. 

A cryst al-cont rolled t ransmit ter designed for 
mobile operation on 2 meters is shown in Figs. 
13-28 through 13-31. It includes a modulator 
and will handle 15 watts input when used wit h 
a 300-volt power supply. 
The circuit diagram of the transmitter, 

Fig. 13-29, shows a Type 6 \-6GT tube used in a 
Tri-tet oscillator, with a 24- Mc. crystal. The 
oscillator has a fixed-tuned cathode circuit and 
a self-resonant plate tank coil that tunes to 48 
Mc. A series-dropping resistor, R2, maintains 
the screen voltage at the proper level, when 
a 300-volt supply is used. The oscillator, like 
the other stages of the transmitter, includes a 

Fig. 13-28 — Crystal-controlled transmitter for 141-Me. 
mobile uee. The amplifier plate tuning condenser and the 
antenna jack are mounted on the front panel along with 
the pick-up link assembly and the antenna trimmer 
condenser. The microphone jack, the metering jack-, 
and the filament on-off switch are mounted on the front 
wall of the chassis. A hole to permit screw driN er adjust-
ment of the amplifier grid condenser is located at the left 
side of the chassis. 

jack wired in the cathode lead for metering 
purposes. 
A 7F8 dual triode serves as a push-pull tripler 

to 144 Mc. The tripler grid coil, L3, is tuned by 
the trimmer condenser, CI, and its plate coil, 
L4, is self-resonant. Cathode bias, developed 
across R4, prevents excessive plate current 
flow during off-resonant adjustment of either 
the oscillator or t he tripler circuits. 
The final stage employs an 832A dual tet-

rode as a neutralized amplifier on 144 Mc. Grid 
bias is developed by the flow of grid current 
t hrough resistor 115. If desired, protective bias 
can be used by decreasing the value of R; 
and by connecting a battery in series with the 
grid resistor. 
A small amount of neutralization was re-

quired to assure completely-stable operation. 
The neutralizing condensers, Cn and C12 in the 
circuit diagram, are pieces of No. 12 wire ex-
tending from the grid of one section of the 832A 
to the vicinity of the plate of the other section. 
The wires are crossed at the bottom of the tube 
socket and go through Millen 32150 bushings 
mounted in the ehassis bet ween the 71S and 
the 832A sockets. It is possible that use of a 
shielded tube socket would eliminate the ten-
dency toward oscillation in the 832A. 
A series-tuned antenna circuit, consisting of 

C4 and L7, is intended for use with any of the 
low-impedance antenna feed systems com-
monly used fur mobile work. '!'he amount of 
loading is adjusted by varying the position of 
the pick-up link, L7. 
The modulator employs a pair of 6\1 tubes 

working Class AB. A spc•ech-amplifier stage is 
not required as long as a single-button carbon 
microphone is used. Voltage for the microphone 
is taken from the junction of Ile. t wo cathode-
biasing resistors, 117 and Rg, thus eliminating 
the need for a microphone battery. 
The microphone and modulation transform-

ers used are both large and expensive for the 
job at hand and were used only because they 
happened to be available. The microphone 
transformer can be any single-button-micro-
phone-to-push-pull-grids transformer and the 
modulation transformer need not be rated at 
more than 10 watts. It should be capable of 
matching a pair of 6V6 tubes to an r.f. load of 
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Fig. 13-29 — Circuit diagram of 
C1, C4 — 3-30-pmfd. mica trimmer. 
C2 15-aafd.-per-section split stator (Bud 11-1660). 
Ca — "Butterfly" condenser, 6 mufti. per section (Card-
. well E R -644 /S). 
C5, C7, Cs — 0.0047-pfd. mica. 
Cs — 100-mafd. midget mica. 
CS, CIO, CI3, C18 — 470-mpfd. midget mica. 
CII, Cl2 — Neutralizing wires. (See text.) 
C14, C15 — 10-afd. 25-volt electroly tic. 
RI — 0.1 megohm, 2 watt. 
R2 - 47,000 ohms, watt. 
R3 — 33,000 ohms, 3 watt. 
114 — 470 ohms, 1,A watt. 
R5 - 22,000 ohms, watt. 
RS— 25,000 ohms, 10 watts. 
R7 - 100 ohms, 1 watt. 
Rs — 150 ohms, 1 watt. 
Li — 3 turns No. 18 enam., close-wound, g-inch diam 
L2 - 4 turns No. 18 enam., 34, inch long. 
La — 10 turns No. 18 enam.; coil wound in two sections 

with 5 turns each side of L2. each section 9,,g 
inch long. A !,à inch is left between windings. 

5000 to 7000 ohms, depending upon the input 
at which the 832A is operated. 

It will be noticed that the modulator input 
and output connections are not wired directly 
into the transmitter proper and that separate 
terminal blocks are used for the r.f. and audio 
sections. When the modulator is used with the 
144-Mc. transmitter, jumper connections are 
made between the two sets of terminals as 
shown by the circuit diagram. Removal of the 
jumpers will allow the modulator to be used 
with another transmitter, which might very 
well be the 50-Mc, rig shown in Figs. 13-32 to 
13-35. SI, the filament switch, will open and 
close the modulator- and r.f.-section filament 
circuits when the jumper connections are 
made, and will operate with the modulator 
alone when the jumpers are removed. 
The photographs of the transmitter show 
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the mobile transmitter for 144 Mc. 

Form for L2L3 is a Millen 30003 Quartz-Q stand-
off insulator, 34 -inch diam. 

L4 — 3 turns No. 18 enam., !,4 inch long, 9 16-inch 
diameter. 

Ls — 2 turns No. 18 enam., interwound with turns of 
L4. L4 and L5 are wound on a National PRE-3 
coil form. 

L8 — 4 turns No. 12 enam., 2.inch i.d., wound in two 
sections with 2 turns each side of center-tap and 
a 3/2-inch space at the center, turns spaced wire 
diameter. 

L7 — 3 turns No. 12 enam., !4-inch diam., turns spaced 
wire diameter. 

Ji-Js — Closed-circuit jack. 
Jo — Open-circuit jack. 
J7 — Coaxial-cable connector. 
RFC', RFC2 — 300-ah. r.f. choke (Millen 34300). 
RFC3 — 2.5-mh. r.f. choke ( Millen 34102). 
Si — S.p.s.t. toggle. 
Ti — Single-button microphone transformer (UTC 

S-7). 
T2 — Modulation transformer (UTC S-19). 

how the parts are mounted on a metal chassis 
measuring 3 X 5 X 10 inches. The front panel 
measures 3 X 5 inches and has a -inch lip 
for fastening to the chassis. The construction 
of the antenna assembly and the method of 
mounting the components on the panel are 
identical to the 50-Mc. transmitter. A recom-
mended system of mounting the 832A tube 
socket is also detailed in the text referring to 
the 50-Mc. unit. 
, No special care need be given to the wiring 
of the audio circuit, but the r.f, leads should 
be kept as short as possible. The use of four 
tie-point strips will simplify the mounting and 
wiring of parts. A single tie-point is mounted 
to the rear of the oscillator tube socket and is 
used as the junction of R7, R8, C14 and the 
primary lead of the microphone transformer. A 
double tie-point strip is mounted to the right 
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of the crystal socket (as seen in Fig. 13-31); 
one lug is used as the connecting point for the 
positive high-voltage lead and the bottom ends 
of RFC' and RFC2; the bottom of L1 and the 
top ends of C5 and .71 are connected to the 
second terminal. The cathode end of L1 is 
connected to the cathode side of the crystal 
socket. The third tie-point strip is mounted 
on the 832A tube socket and serves as the con-
necting point between R4 and .72; the bottom 
end of Rg connects to the high-voltage lead at 
the second lug. The fourth strip (single lug) is 
mounted on the frame of C2 and the leads 
between R6 and Ja join at this point. 
The construction of the driver-stage coils is 

not difficult if the coil forms are properly pre-
pared in advance. A study of Fig. 13-31 will 
show how the windings are placed on the 
forms, and the lengths of the windings are 
given in the parts list. The forms should be 
marked and drilled to accommodate the wind-
ings with the holes for the ends of the windings 
passing directly through the forms. L3 should 
be wound in two sections with the inside ends 
being soldered together after the winding of 
L2 has been completed. The center-taps for L4 
and L5 are made by cleaning and twisting the 
wire at the center of each winding. Condenser 
C1 is soldered across the grid ends of L3 before 
the coil is connected to the tube socket. 

Fig. 13-30 — A top view of the mobile trans-
mitter The modulation transformer and the 
modulator tubes are at the left end of the 
vita -- i- The 6V6GT erystal oscillator, the 7F8 
frequency multiplier, and the 832A amplifier 
are in line along the center of the chassis. The 
microphone transformer is in back of the 7F8. 
is, the modulator metering jack, is mounted 
on the rear wall of the chassis just above the 
terminal strips. 

• 

Adjustment and Testing 

When testing the transmit ter, it is advisable 
to start with the high voltage applied to the 
first two stages only. With a 100-ma. meter 
plugged in ,TI the oscillator cathode current 
at resonance should be approximately 30 ma. 
A low-range milliammeter should now be 
plugged in Ja and the final grid circuit should 
be brought into resonance by adjustment of 
C2. Proper operation of the tripler stage will 
be indicated by a cathode current of approxi-
mately 20 ma. and a final-amplifier•grid current 
of 2.5 to 3 ma. The tripler grid condenser, Ci, 
should be retuned after the amplifier grid cir-
cuit has been peaked, to assure maximum over-
all operating efficiency. 
The amplifier should be tested for neutraliz-

ing requirements after adequate grid drive has 
been obtained. If a well-shielded tube socket 
has been used, it is possible that the amplifier 
grid current will not be affected by tuning the 
832A plate circuit through resonance. However, 
if the grid current does kick down as the plate 
circuit is tuned, it will be necessary to add the 
neutralizing wires referred to in the text and 
parts list as C11 and C12. After installation 
these wires should be adjusted until no kick in 
grid current is seen as the 832-A plate circuit 
is tuned through resonance. 

Fig. 13-31 — Bottom view of the 144-Mc. 
transmitter. The coil forms for L2L3 and La.& 
are mounted on the side wall of the chassis: 
the form for 1.41.s is mounted on a small 
stand-off insulator so that the windings can 
be brought out to the center line of the chassis. 
CI, the grid condenser for the frequency mul-
tiplier, is soldered across the grid ends of La. 
The amplifier grid tuning condenser, C2, is 

mounted on metal pillars having a length of 
1% inches. 

• 
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Plate and screen voltage can now be applied 

to the 832A and the plate circuit tuned to reso-
nance, as indicated by a dip in the cathode 
current to 40 ma. or less. Then a dummy load 
(a 15-watt light bulb will do) is connected to 
the antenna jack and the loading adjusted by 
varying the position of L7 and the capacitance 
of Ca, to cause a cathode current of 60 to 70 ma. 
Approximately 10 ma. of the total cathode cur-
rent will be drawn by the screen of the 832A 
and this value should be subtracted from the 
cathode current in determining the plate input. 

Amplifier grid-current should be 1.5 to 2 ma. 
under load. 
The jumper connections can now be made 

between the r.f. and modulator terminal blocks 
and, with power applied to the entire transmit-
ter, the modulator cathode current should be 
75 ma.; 85 ma. with modulation. 
The cathode meter reading will decrease 

slightly when the microphone is plugged into 
the circuit. This is caused by the parallel cur-
rent path that exists when the microphone. 
circuit is completed. 

A Mobile Low-Power 50-Mc. Transmitter 

The transmitter shown in Figs. 13-32 through 
13-35 is designed for mobile operation with a 
power input of 12 to 20 watts, as a companion 
unit to the 144-Mc, rig described above. How-
ever, the rating of the amplifier tube used is 
such that the unit can be used at higher levels, 
delivering an output of approximately 20 watts 
if a 500-volt supply is available. 

As may be seen from the circuit diagram, in 
Fig. 13-33, a Tri-tet oscillator-doubler, em-
ploying a 6V6GT tube and a 25-Mc, crystal, 
is used to drive an 832A amplifier. The oscil-
lator requires no manual adjustment, once set, 
as the cathode circuit is fixed-tuned and the 
plate circuit has a self-resonant coil. The screen 
voltage for the 6V6 is reduced to the proper 
value by the dropping resistor, R2. 
The push-pull amplifier employs split-stator 

input and output circuits. The grid circuit is 
inductively-coupled to the oscillator plate coil, 
and grid bias is developed across resistor Rg. 
Usually, for the sake of convenience, it is de-
sirable to employ self-bias during mobile opera-
tion and the amplifier, as shown, is set up for 
this type of operation. The grid leak should be 
reduced in value, and a battery or bias supply 
should be connected between the upper end 
of the grid-metering jack, eft, and ground, if the 
unit is to be operated at maximum rated power 
input. Because of the isolation afforded by the 
placement of the grid-circuit components 
low the chassis and the plate circuit above, thu 
amplifier has no tendency toward self-osrilla-
tion. This may not be true if the parts layout 
differs from that shown. Screen voltage for 
t he 832A is maintained at the proper level for 
hot h low and maximum power input to the am-
plifier, by the dropping resistor, 114. A jack, .1z, 
provides for metering of the cathode current 
of the tube. If the transmitter is to be .keyed 
1.111 c.w. operation, the key can be plugged into 
this cathode jack. . 
An antenna tuning assembly, intended for 

operation with coaxial feed systems normally 
used in mobile installations, is included as part 
Of the transmitter circuit. The degree of an-
tenna loading can be regulated by adjustment 
of the coupling between the plate coil, L4, and 
the output link, Là. A short length of coaxial 

cable completes the circuit between the an-
tenna tuning components and the otitput jack. 
The photographs show how a metal box 

measuring 3 X 4 X 5 inches serves as the 
chassis for the transmitter. The bottom plate 
of the box is removed and used as a panel, 
and is held in place by the screws and nuts 
that hold the top cover and the box together. 
In Figs. 13-32 and 13-35 the condenser, C2, 
and the antenna jack may be' seen mounted 
on the panel. Metal pillars, % inch long, are 
used to space the condenser away from the 
panel. A National FWB polystyrene insulator 
is used as a mounting support for the antenna 
coil, L5, and the insulator is mounted on %-
inch metal posts. The antenna tuning con-
denser, Cg, is supported by its own mounting 
tabs, and is connected between one end of the 
pick-up link and ground. 
The rear and bottom views of the trans-

mitter show how the rest of the components 
are laid out on the top plate of the metal box. 

Fig. 13-32 — A compact mobile transmitter or exciter 
unit for 50 Mc. 
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Fig. 13-33 — Circuit diagram of the mobile transmitter for 6 meters. 

Ci — 15-14afd. per section (Bud 1.C-1660). 
Ca — "Butterfly" condenser, 15 add. total (Cardwell ER-15-11F/S). 
C3 — 3-30-55M. mica trimmer. 
C. — 100-aaftl. midget mica. 
Cs, CS — 0.0047-afd. mica. 
Ca, CS — 470-pafd. midget mica. 
Cs — 0.001-pfd. mica. 
IIi — 0.12 meghom, g watt. 
112 — 47,000 ohms, g watt. 
113 — 22,000 ohms, g watt. 
RS 25,000 ohms, 10 watts. 
1.1 — 3 turns No. 18 enameled wire, close-wound, 3/2-inch diam. 
— 5 turns. 

1.3 — 9 turns, 4g each side of center, ssith a /8-inch space between sections. 
L. — 10 turns, 5 each side of center, with a )-inch space between sections. 
I.s — 3 turns. La through LS have an inside diameter of ").4 inch; No. 12 enameled 

wire, turns spaced wire diameter. 
Ji, Ja — Midget closed-circuit jack. 
Ja — Coaxial-cable connector. 
RFC; — 10-ah. r.f. choke (Millen 34300). 
RFC2 — 2.5-mh. r.f. choke ( Millen 34102). 

This plate should be removed from. the box 
while the construction and wiring are being 
carried on. All of the wiring, with the exception 
of the d.c. leads to the metering jacks and the 
input terminals, can be completed in convenient 
fashion before the top plate is attached to the 
metal box. 
The socket for the amplifier tube is centered 

on the chassis plate at a point 2% inches in from 
the front edge, and is mounted below the plate 
on metal pillars % inch long. A clearance hole 
for the 832A, 2% inches in diameter, is directly 
above the tube socket. Sockets for the oscilla-
tor tube and the crystal are mounted toward 
the rear of the chassis. 
The oscillator coil, L2, is mounted on the 

6V6 socket; the spare pin, No. 6, of the socket 
being used as the tie-point for the cold end 
of the plate coil and the other connections that 
must be made at this part of the circuit. The 
oscillator cathode coil is mounted between the 
cathode pin of the 6V6 and a soldering lug 
placed under the mounting screw of the crystal 
socket. C5 and Cg can be seen to the rear of 
the crystal socket, and RFC' is mounted be-
tween the tube socket and a bakelite tie-
point strip located at the left of the chassis. 
The method employed to assure good r.f. 

grounding of the amplifier components is visible 
in Fig. 13-35. Soldering lugs are placed beneath 

move 
may now be wired int() the circuit, a.nd 

the chassis fr 

the mounting nuts of the 
832A socket, and these 
lugs are joined together 
with a No. 12 lead which, 
in turn, is carried on to 
the common ground point 
for the oscillator circuit. 
The filament, cathode, 
and screen by-pass con-
densers for the amplifier 
are all returned to the 
common ground. These 
three condensers, C7, Cg 

and Cg, all rest on the 
832A tube socket. 
The amplifier grid coil, 

Lg, is self-supporting, with 
the ends connected to the 
grid pins of the 832A 
socket. The tuning con-
denser, C1, is actually sup-
ported on metal pillars at 
the right-hand side of the 
metal box, but the con-
denser can be wired in 
place if the operation is 
carried out in the proper 
order. First, mount the 
chassis plate on the box 
and locate the proper 
place for the condenser. 
Next, determine the 
length of the leads to con-
nect the condenser to the 
tube socket, and then re-

om the case. The condenser 
the 

Fig. 13-34 — Top ViÇW of the :ill- NI c. mobile transmitter 
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Fig. 13-35 — Bottom view of the mobile 
transmitter, showing all major components 
attached to the top plate. 

rigid mounting of Ci, by means id 
metal posts 1 inches long, can be 
done during the final assembly of t 
Unit. 
The grid leak, R3, is connected be-

tween the center-tap of L3 and a tie-
point strip that is mounted on I lie 
condenser frame. RFC2 is mounted lu-
ward the front of the chassis, and t he 
grommet-fitted hole to the left of the 
choke (Fig. 13-35) carries the lead be-
t ween the plate-voltage terminal and 
the choke. 
The metering jacks and the power terminal 

strip may now be mounted on the front and rear 
walls of the metal box. Holes to permit mount-
ing and adjustment of C1 should also be drilled 
at this time. Portions of top flanges of the 
metal case must be cut away in order to pro-
vide clearance for the oscillator section and 
the mounting nut for the amplifier plate choke. 
After the case, chassis and panel have been 
fastened together, the wiring of the amplifier 
plate circuit may be completed. 

Test Procedure 

A power supply capable of delivering 300 
volts at 100 ma. and 6.3 volts at 2 amp. may 
be used for testing the transmitter. The high 
voltage should not be applied to the 832A 
plates until the oscillator has been checked. 
For initial tests the input voltage can be re-
duced to approximately 150 volts while the cir-
cuits are checked for resonance and proper 
operation. Squeezing or spreading the turns 
of the coils should bring the circuits into reso-
nance, as indicated by maximum grid current 
to the 832A. If the oscillator is performing cor-
rectly, the 6V6 plate current will be between 
1 and 4 ma., rising to the latter value when 
the circuits are tuned to the second harmonic 
of the crystal by adjustment of C1. The grid 
current should fall to zero, and the plate cur-
rent of the oscillai or tube should rise consid-

erably when the crystal is removed from the 
socket. 
The amplifier plate and screen voltage can 

be applied at this point. The unloaded cathode 
current of the amplifier should be about 15 
ma., rising to a maximum of 75 or 80 ma. under 
load, which may be a 15-watt light bulb con-
nected to the antenna jack. C3 should be ad-
justed along with the coupling between L4 and 
Là until maximum output is obtained. The 
correct degree of loading has been obtained 
when the plate current at resonance is 10 to 
15 ma. below the off-resonance value. The 
plate tuning condenser, C2, should be reset 
each time that a loading adjustment is made. 
A final check of voltages and currents should 

show the following: oscillator and amplifier 
plate, 300 volts; oscillator screen, 200 volts: 
amplifier screen, 150 volts; amplifier bias (read 
at the grid-coil center-tap with a high-resist-
ance voltmeter), 65 volts, negative. 
The oscillator plate current should be 28 to 

30 ma. and amplifier grid current should be 
about 3 ma. Under load, the amplifier cathode 
current should be approximately 60 ma. with 
8 or 10 ma. of this amount being drawn by the 
832A screen. 

Modulation can be supplied by the audio 
system used in the 2-meter rig shown in Fig. 
13-28, or a similar unit may be added, if only 
50- Me. operat ion is deiired. 

Transceivers 
The transceiver is a combination tranb-

mitter-receiver in which, by suitable switching 
of (l.c. and audio circuits, the same tube and 
r.f. circuit functions either as a modulated 
transmitting oscillator or as a superregenera-
tive detector. This makes for extreme compact-
ness and light weight, making the transceiver 
popular for hand-carried portable equipment. 
It is a compromise with respect to other 
features, however. The transceiver can be a 
source of serious interference, and its efficiency 

is not equal to that of other types of gear 
wherein separate tubes and circuits are used 
for transmission and reception. 

As a matter of good amateur practice the 
use of transceivers should be confined to very 
low-power operation — as in " walkie-talkie" 
or " handie-talkie" equipment — in the 144-
Mc. band, and to experimental low-power 
operation in the higher-frequency bands. The 
use of transceivers should be avoided entirely 
for regular operation on the 144- Mc. band. 
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V.H.F. Antennas 
While thebasic principles of antenna opera-

tion are essentially the same for all frequen-
cies, certain factors peculiar to v.h.f. work 
call for changes in antenna technique for the 
frequencies above 50 megacycles. Here the 
physical size of multielement arrays is reduced 
to the point where an antenna system having 
some gain over a simple dipole is possible in 
nearly every location, and experimentation 
with various types of arrays is an important 
part of the program of most progressive ama-
teurs. The importance of high-gain antennas in 
v.h.f. work cannot be overemphasized. A good 
antenna system is often the sole difference 
between routine operation and outstanding 
success in this field. By no other means can so 
large a return be obtained from a small in-
vestment as results from the erection of a good 
I lirectional array. 

Design Factors 

Beginning with the 50-Mc. band, the fre-
quency range over which antenna arrays 
should operate effectively is often wider in 
percentage than that required of lower-fre-
quency systems; thus greater attention must 
be paid to designing arrays for maximum fre-
quency response, possibly to the extent of 
sacrificing other factors such as high front-to-
back ratio. 

As the frequency of operation is increased, 
losses in the transmission line rise sharply; 
hence it becomes more important that the 
line be matched to the antenna system cor-
rectly. Because any v.h.f. transmission line is 
long, in terms of wavelength, it is often more 
effective to use a high-gain array at relatively 
low height, rather than to employ a low-
gain system at great height above ground, 
particularly if the antenna location is not 
completely shielded bx heavy foliage, build-
ings, or other obstructions in the immediate 
vicinity. 
This concept is in direct contrast to early 

notions of what was most desirable in a v.h.f. 
antenna system. An appreciable clearance 
above surrounding terrain is desirable, but 
great height is by no means so all-important 
as it was once thought to be. Outstanding 
results have been obtained by many v.h.f. 
workers, especially on 50 and 144 Mc., with 
antennas not more than 25 to 40 feet above 
ground. DX can be worked on 50 Mc. with 
arrays as low as a half-wave above the ground 
level. 

Polarization 

Practically all the early work on frequencies 
above 30 Mc. was done with vertical antennas, 
probably because of the somewhat stronger 
field in the immediate vicinity of a vertical 
system. When v.h.f. work was confined to al-
most pure line-of-sight distances, the vertical 
dipole produced a stronger signal at the edge 
of the working range than did the same an-
tenna turned over to a horizontal position. 
With the advent of high-gain antennas and 
extended operating ranges, horizontal systems 
began to assume importance in v.h.f. work, 
especially in parts of the country where a con-
siderable degree of activity had not already 
been established with verticals. 
Numerous tests have shown that there is 

very little difference in the effective working 
range with either polarization, if the most 
effective element arrangements are used and 
the same polarization is employed at both 
ends of the path. Vertical polarization still has 
its adherents among 50-Mc. enthusiasts and 
much fine work has been done with vertical an-
tennas, but an effective horizontal array is 
somewhat easier to build and rotate. Simple 
2-, 3- or 4-element horizontal arrays have 
proven extremely effective in 50-Mc. work, 
and the postwar era has seen an increase in the 
use of such arrays which has amounted to 
standardization on horizontal polarization. 
The picture is somewhat different when one 

goes to 144 Mc. and higher. At these fre-
quencies, the most effective vertical systems 
(those having two or more half-wave elements. 
vertically stacked) are more easily erected 
than on 50 Mc. Important, in considering the 
polarization question, is the existence of 
countless 144-Mc, mobile stations, whose 
antenna systems must, of necessity, be verti-
cal. While horizontal polarization will un-
doubtedly find increased favor at 144 Mc. and 
higher, particularly for point-to-point work in 
rural areas, it is probable that vertical polar-
ization will continue in use for some years to 
come, particularly in areas where activity has 
been established with vertical systems. Under 
certain conditions, notably a station directly 
in the shadow of a hill, there may be a con-
siderable degree of polarization shift, but or-
dinarily it may be assumed that best results in 
144-Mc. work will be obtained by matching the 
polarization of the stations one desires to con-
tact. 

444 
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Impedance Matching 

Because line losses tend to be much higher 
in v.h.f. antenna systems, it becomes increas-
ingly important that feedlines be made as 
nearly " flat" as possible. Transmission lines 
commonly used in v.h.f. work include the 
open-wire line of 500 to 600 ohms impedance, 
usually spaced about two inches; the poly-
ethylene-insulated flexible lines, available in 
impedances of 300, 150, 100, and 72 ohms; 
and coaxial lines of 50 to 90 ohms impedance. 
These may be matched to dipole or multi-
element antennas by any of several arrange-
ments detailed below. 

The "1" 

Used principally as a means of feeding a 
stationary vertical radiator, around which 
parasitic elements are rotated, the " J" con-
sists of a half-wave vertical radiator fed by a 
quarter-wave matching section, as shown at A, 
Fig. 14-1. The spacing between the two sides 
of the matching section should be two inches 
or less, and the point of attachment of the 
feedline will depend on the impedance of 
the line used. The feeder should be slid along 
the matching section until the point is found 
that gives the best operation. The bottom of 
the matching section may be grounded for light-
ning protection. A variation of the "J" for use 
with coaxial-line feed is shown at B in Fig. 14-1. 
The " J" is also useful in mobile applications. 

Fig. 14-1 — Two 
versions of the 
"J" antenna, often 
used in mobile in-
stallations, or in 
vertical arrays 
NV here parasitic 
elements may ro-
tate around a fixed 
radiator. 

Coa.rial 
Line 

The Delta or Y"-Match 

Probably the simplest arrangement for feed-
ing a dipole or parasitic array is the familiar 
delta, or " Y "-match, in which the feeder sys-
tem is fanned out and attached to the radiator 
at a point where the impedance along the ele-
ment is the same as that of the line used. In-
formation on figuring the dimensions of the 
delta may be found in Chapter Ten. Chief 
weakness of the delta is the likelihood of radia-
tion from the matching section, which may 
interfere with the effectiveness of a multi-
element array. It is also somewhat unstable 

mechanically, and quite critical in adjustment. 

The "Q" Section 

An effective arrangement for matching an 
open-wire line to a dipole, or to the driven 
element in a 2- or 3-element 
array having wide (0.25 
wavelength or greater) spac-
ing, is the " Q " section (Chap-
ter Ten). This consists of a 
quarter-wave line, usually of 
"-inch or larger tubing, the 
spacing of which is deter-
mined by the impedance at 
the center of the array. The 
parallel-pipe " Q" section is 
not practical for matching 
multielement arrays to lines 
of lower impedances than 
about 600 ohms, nor can it 
be used effectively with 
close-spaced parasitic arrays. 
The impedance of the " Q" 
section required in these 
cases is lower than can be obtained with paral-
lel sections of tubing of practical dimensions. A 
quarter-wave section of coaxial or other low-
impedance line is a commonly-used means of 
matching a line of 300 to 600 ohms impedance 
to the low center impedance of a 3- or 4-
element array. The length of such a line will 
depend on the velocity of propagation (propa-
gation factor) of the line used. The propagation 
factors of all the commonly-used lines are 
given in table form in Chapter Ten. 

In some installations it may be more con-
venient to use a line of greater length than a 
single quarter wave for matching purposes, in 
which case any odd multiple of a quarter 
wavelength may be used. The exact length 
required may be determined experimentally by 
shorting one end of the line and coupling it to 
a source of r.f., and trimming the line length 
until maximum loading is obtained at the 
center frequency of the operating range. 

The " T"-Match 

The principal disadvantages of the delta 
system can be overcome through the use of the 
arrangement shown in Figs. 14-5 and 14-13, 
commonly called the " T"-match. It has the 
advantage of providing a means of adjustment 
(by sliding the clips along the parallel con-
ductors), yet the radiation from the matching 
arrangement is lower than with the delta, 
and its rigid construction is more suitable 
for rotatable arrays. It may be used with 
coaxial lines of any impedance, or with the 
various other forms of transmission lines up 
to 300 ohms. The position of the clips should, 
of course, be adjusted for maximum loading 
and minimum standing-wave ratio, the latter 
being most important as an indication of 

5540 
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Fig. 14-2 — De-
tails of the folded 
dipole. 
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proper setting. The " T" system is particularly 
well suited for use in all-metal " plumbing" 
arrays. 

The Folded Dipole 

Probably the most effective means of match-
ing various lines to the wide range of antenna 
impedances encountered in v.h.f. antenna 
work is the folded dipole, shown in its simplest 
form in Fig. 14-2. When all portions of the 
dipole are of the same conductor size, the im-
pedance at the feed-point is equal to the square 
of the number of elements in the folded dipole 
times the normal center impedance which 
would be present if only a conventional split 
half-wave radiator were used. Thus, the simple 
folded dipole of Fig. 14-2 has a feed-point 
impedance of 4 X 72, or approximately 288 
ohms. It may be fed with the popular 300-ohm 

line without appreciable mismatch. It a three-
wire dipole were used, the step-up in imped-
ance would be nine times. Note that this step-
up occurs only if all portions of the folded 
dipole are the same conductor size. 
The impedance at the feed-point of a folded 

dipole may also be raised by making the fed 
portion of the dipole smaller than the parallel 
section. Thus, in the 50-Mc. array shown in 
Fig. 14-4 the relatively low center impedance 
of a 4-element array is raised to a point where 
it may be fed directly with 300-ohm line by 
making the fed portion of the dipole of Yr itich 
tubing, and the parallel section of 1-inch. A 
3-element array of similar dimensions could be 
matched by substituting 34-inch tubing in the 
unbroken section. Conductor ratios and spac-
ings may be obtained from Fig. 10-80, Chapter 
Ten. 

Antenna Systems for 50 Mc. 

Since the same basic principles apply to all 
antennas regardless of frequency, little dis-
cussion is given here of the various simple 
dipoles that may be used when nondirectional 
systems are desired. Details of such antennas 
may be found in Chapter Ten, and the only 
modification necessary for adaptation to use on 
50 Mc. or higher is the reduction in length 
necessary for increased conductor diameter at 
these frequencies. 

A Simple 2-Element Array 

A simple but effective array which requires 
no matching arrangement is shown in Fig. 
14-3. Its design takes into account the drop 
in center impedance of a half-wave radiator 
when a parasitic element is placed a quarter 
wavelength away. A director element is shown, 
as the drop in impedance using a slightly-
shortened parasitic element is just about right 
to provide a good match to a 50-ohm coaxial 
line. The element lengths are not extremely 
critical in such a simple system, and the fig-
ures presented may be used with satisfactory 
results. 

A 4-Element Array 

The importance of broad frequency response 
in any antenna designed for v.h.f. work 
cannot be overlooked. The disadvantage of all 
parasitic systems is that they tend to tune 

erecter =- SUS 

Fig. 14-3— A simple 2-element array for 50 Mc. No 
matching devices are needed with this arrangement. 

quite sharply, and thus are often effective over 
(mly a small portion of a given band. One way 
in which the response of a system can be broad-
ened out is to increase the spacing between the 

Fig. 14-4— Dimensional drawing of a 4-element 50-Mc. 
array. Element length and spacing were derived ex-
perimentally for maximum forward gain at 50.5 Mc. 

parasitic elements to somewhat more than the 
0.1 or 0.15 wavelength normally considered to 
provide optimum front-to-back ratio. Some 
broadening may also be obtained by making 
the directors slightly shorter and the reflector 
slightly longer than the optimum value. The 
folded dipole is useful as the radiator in such an 
array, as its over-all frequency response is 
somewhat broader than other types of driven 
elements. 
A 4-element array for 50 Mc. having an 

effective operating range of about 2 Mc. is 
shown in Figs. 14-4 and 14-5. It employs a 
folded dipole having nonuniform conductor 
size. Reflector and first director are spaced 
0.2 wavelength from the driven element, while 
the forward director is spaced 0.25 wavelength. 
The spacing and element lengths given were 
derived experimentally, and are those that 
give optimum forward gain at the expense of 
some front-to-back ratio. As the latter quality 
is not of great value in 50-Mc, work, it can be 
neglected entirely in the tuning procedure for 
such an array. 
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• 

Fig. 14-5 — An example of 
stacking t%o arrays for differ-
ent bands on the same sup-
port. The top section is a 
4-element array for 50 Mc.; 
the lower a 3-element system 
for 28 Mc. All-metal construc-
tion is employed. 

• 

The dimensions given are for peak perform-
ance at 50.5 Mc. For other frequencies, the 
length of the folded dipole in inches should be 
figured according to the formula 

L = 5540 

The reflector will be 5 per cent longer, the first 
director 5 per cent shorter, and the second 
director 6 per cent shorter than the driven 
element. A broadening of the response may be 
obtained, at a slight sacrifice in forward gain, 
by adding to the reflector length and subtract-
ing from the director lengths. For those inter-
ested in experimenting with element lengths, 
slotted extensions may be inserted in the ends 
of the various elements, other than the dipole, 
as shown in Fig. 14-7. A 3-element array may 

Fig. 14-6 — Detail sketches showing method of mount-
ing elements in the dual array for 28 and 50 Mc. A — 
The 50-Mc, boom is comprised of two pieces of angle 
stock mounted edge-to-edge to form a channel. The 
elements are fastened to the boom by means of a cradle, 
also of angle stock. B — In the 10-meter array, the two 
portions of the boom are separated, and mount on either 
side of the vertical support. The elements and their sup-
porting crossarm-; are attached to the km er surface of 
the boom, 

be built, using 'the same general dimensions, 
except that the unbroken section of the folded 
dipole, in this case, should have a 34-inch 
diameter element in place of the 1-inch tubing 
used in the 4-element array. 

Stacked Antennas 

Excellent results in long-distance work are 
being obtained by 50-Mc. stations using vari-
ous more-complex directional arrays than the 
ones described above. The most important 
factor in such work is the attainment of the 
lowest-possible radiation angle, and this pur-
pose is well served by stacking of elements, in 
either vertical or horizontal systems. The use 
of two parasitic arrays, one a half-wavelength 
above the other, fed in phase, provides a gain 
of 3 db. or more over that of a single array. 
The system shown (for 144 Mc.) in Fig. 14-8 
is excellent for either vertical or horizontal 
polarization, as is the " H" array, using four 
half-wave elements, with or without parasitic. 
elements. 

Stacked Arrays for Two Banda 

As many 50-Mc. enthusiasts also operate on 
28 Mc, it is often desirable to stack arrays for 
the two bands on a common tower and rotating 
device. Such a dual array, combining a 4-
element system for 50 Mc. with a 3-element 
array for 28 Mc., is shown in Fig. 14-5. 

If space limitations make it absolutely neces-
sary, the two arrays may be mounted with but 
a few inches separating them, but experience 
has shown that some effectiveness is sacrificed, 
particularly in the array for the higher fre-
quency. A separation of at least three feet is 
recommended as the minimum for avoiding 
harmful interaction. In the example shown the 
separation is six feet, at which distance each 
array performs equally as well as it would if 
mounted alone. 
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I";. - 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. 

In this dual array all-metal construction is 
employed, doing away with the use of insu-
lators in mounting the elements. The booms 
are made of two pieces of 1-inch angle stock 
(24ST aluminum), with supporting braces of 
the same material. The method of assembling 
the booms and mounting the elements is shown 
in Fig. 14-6. The booms are 150 inches and 160 
inches in length for the 6- and 10-meter arrays 
. respectively. To prevent swaying of the 10-

meter elements, they are braced with guy 
wires, which are broken up with small insu-
lators. These sway-brace wires are attached to 
the elements at approximately the midpoint 
between the boom and the outer end, and are 
brought up to the vertical support at the point 
of attachment of the horizontal fore-and-aft 
braces. 
The 50-Mc. portion of the array is similar in 

element length and spacing to the 4-element 
array already described. The element spacing 
for the 10-meter array is 0.2 wavelength, or 80 
inches. The driven element is 198 inches long, 
the director 188 inches, and the reflector 208 
inches. It is fed by means of a "T"-match and a 
300-ohm line. These dimensions give quite 
uniform performance and low standing-wave 
ratio over the range from 28 to 29.1 Me., and 
the array will take power and show appreciable 
gain over a half-wave from 27.2 to 29.7 Mc. 
Complete details of this dual array will be 
found in QST for 1947. 

Antenna Systems for 144 Mc. 

The antennas already described may, of 
course, be used for 144 as well as 50 Mc., but 
since they are designed for maximum effective-
ness in a horizontal position, other designs may 
be used more effectively where vertical polari-
zation is desired. With either polarization, the 
stacking of elements vertically lowers the 
radiation angle and extends the operating 
range. The smaller size of 144-Mc. arrays 
makes such stacking of elements a much sim-
pler procedure than on 50 Mc. Another ad-
vantage of the array employing elements fed 
in phase is that its frequency response is likely 
to be less critical than an array that achieves 
the same gain with but one driven element and 
parasitic directors and reflectors. Thus the 
element lengths, even in such complex systems 
as the 16-element array shown in Fig. 14-9, 
are not at all critical. 

Plane reflectors are usable at 144 Mc., their 
size at this frequency being within reason. An 
interesting possibility in connection with this 

REFLECTORS 

* RADIATORS 

Fig. 14-8— A double-"Q" array for 114 Mc. The hor-
izontal portion of the half-wave " II- acts as a -Q" sec-
tion, matching the antenna impedance to the 300-ohm 
line attached at the center of the array. This array works 
well in either vertical or horizontal positions. 

type of reflector is its use with two different 
sets of driven elements, one on each side of the 
reflecting screen. A set of elements arranged 
for vertical polarization may be used on one 
side, and a set of horizontally-polarized ele-
ments on the other, or the plane reflector may 
be made to serve on two different bands by a 
similar arrangement of elements for two fre-
quencies, on opposite sides of the reflector. 
The screen need not be a solid sheet of metal. 
or even a close-mesh screen. A set of wires or 
rods arranged in back of the driven elements 
will work almost equally well. The dimensions 
of the reflector are not critical. For maximum 
effectiveness, the plane reflector should extend 
at least one-quarter wavelength beyond the 
area occupied by the elements, but reflecting 
curtains no larger than the space occupied by 
the reflectors shown in Fig. 14-9 have been 
used with good results. 

A 6-Element Array 

In designing direMional arrays having more 
than one driven element it is advisable to ar-
range for feeding the array at a central point. 
A simple 6-element array of high performance, 
incorporating this principle, is shown in Fig. 
14-8. All the elements may be made of sol t-
copper tubing, 34,  inch in diameter. The driven 
elements are comprised of two pieces which 
are bent into two "U"-shaped sections and ar-
ranged in the form of a half-wave " H." The 
horizontal portion of the " H" is then a double 
quarter-wave " Q" section, matching the im-
pedance of the two radiators to that of the 
feedline. With the wide spacing used, the po-
sition of the parasitic elements is not particu-
larly critical, except as it affects the imped-
ance of the system, and the spacing of thc 
elements may be varied to provide the best 
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Fig. 14-9 — A 16-element 
array for 144 Mc., showing 
supporting structure and 
"rotating mechanism." Sash 
cord wrapped three times 
around the crisscross pulley 
permits 360-degree rotation. 

match. The spacing of the horizontal 
section may be varied for the same 
purpose. With the dimensions given, 
a spacing of one inch between centers 
is about right for feeding with a 300-
ohm line. The radiation pattern of 
this array is similar in both horizontal 
and vertical planes; thus it will work 
with equal effectiveness in either posi-
tion, provide& the polarization is the 
same as that of the stations to be 
contacted. 

A 16-Element Array 

By using a curtain of eight half-
wave elements, arranged as shown in 
Figs. 14-9 and 14-10, backed up by eight re-
flectors, a degree of performance can be ob-
tained which is truly outstanding. A gain of as 
much as 15 db. can be realized with such an ar-
rangement, effecting an improvement in op-
erating range which could never be obtained by 
any other means. Such an array is neither diffi-
cult nor expensive to construct, and its per-
formance will more than repay the builder for 
the trouble involved in its construction. 
The cumbersome nature of the structure re-

quired to support such an array would make 
its construction out of the question for a lower 
frequency, but for 144 Mc. the outside dimen-
sions are only 1 X 7 X 10 feet, and the sup-
porting frame can be made quite light. 
The center pole (a 1%-inch rug pole 10 feet 

long) turns in three bearings which are 
mounted on braced arms extending out about 
two feet from a " two by three," which is 

300 ohm, 
line 

Fig. 14.10— Schematic of the radiating portion of the 
16-element 144-Mc. array. Reflectors are omitted for 
clarity. Radiators are 38 inches long, reflectors 40.5 
inches. Crossover or phasing sections are also 40.5 
inches long. Reflectors are mounted 17 inches in back of 
each radiator. 

braced in a vertical position. An improvised 
pulley made of two pieces of 1 X 2-inch " fur-
ring" notched in the ends and fastened criss-
cross fashion near the bottom of the center 
pole serves as a " rotating mechanism." Sash 
cord wrapped three times around this " pul-
ley" and run over to the window on small pul-
leys allows the beam to be rotated more than 
360 degrees before reversal is required. To keep 
the array from twisting in high winds light 
sash cords are attached near each end of the 
supporting structure. These cords are brought 
through the window near the rotating ropes 
and are pulled up tight and fastened)when the 
antenna is not in use. 
The elements are of 740-inch soft-aluminum 

tubing for light weight. To stiffen the struc-
ture, and to help maintain alignment, in-
serts were turned down from Veinal poly-
styrene rod to fit tightly into the elements at 
the point where the crossover or phasing 
wires are connected. Similar inserts are used 
for the reflector elements also. The inter-
connecting phasing sections are of No. 16 
wire, spaced about 1 h inches. The feedline, 
connected at the center of the system, is 
Amphenol 21-056 Twin-Lead, 300 ohms 
impedance. The impedance at the center of 
the array is about right for direct connection 
of the 300-ohm line, without the necessity for 
a matching section of any kind. It is probably 
somewhat lower than 300 ohms, actually, and 
if a perfect match is desired, a " Q" section 
may be used. The performance is not greatly 
affected by such a change, however, as the 
standing-wave ratio is relatively low with the 
connection as shown. 
The center section of the array may be used 

without the outside 8 elements, if space is hm-



450 CHAPTER 14 

ited, and a simpler array of good performance 
is desired. The simple " H" with reflectors may 
also be fed with 300-ohm line without the ne-
cessity for special matching devices. 

Desiring still further gain, ambitious 144-
Mc. enthusiasts have doubled and even tripled 
the 16-element array with worth-while im-
provements in gain. The same general arrange-
ment, but using four rows of 4 driven elements, 
with 16 reflectors, has been particularly effec-
tive in improving the gain and sharpening the 
pattern. 

Long- Wire Antennas 
Where space permits their use, the possibili-

ties of long-wire antenna systems, particularly 
the rhomboid, should not be overlooked. De-
sign problems are similar to those for lower fre-
quencies, and data contained in Chapter Ten 
may be applied to systems for the v.h.f. bands. 
A vertical rhomboid for 144 Mc. or higher is of 
practical size, and such antennas have been 
used with outstanding results. At still higher 
frequencies the stacking of such arrays a half-
wave apart presents interesting possibilities. 

Mobile and Portable Antennas 
A common type of antenna employed 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. The inner 

Fig. 14-11 — Method of feeding quarter-wave mobile 
antennas with coaxial line. CI should have a maximum 
capacitance of 75 to 100 puld. for 28- and 50-Me. work. 
LI is an adjustable link. 

conductor of the coaxial line is connected to 
the antenna, and the outer conductor is 
grounded to the frame of the ear. 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 between the low side of the transmit-
ter coupling coil and ground, as shown in Fig. 
14-11. This condenser should have a maximum 
capacitance of 75 to 100 eq.4fd. for 50 Mc., and 
should be adjusted for maximum loading with 
the least coupling to the transmitter. Some 
method of varying the coupling to the trans-
mitter should be provided. 
The short antenna required for 144 Mc. 

(approximately 19 inches) permits mounting 
the antenna on the top of the car. Such an ar-
rangement provides good coverage in all di-
rections, the car body acting as a ground 
plane. When the antenna is mounted else-
where on the car, it is apt to show quite 
marked directional characteristics. Because of 
this it is desirable to make provisions for the 
use of the same antenna for both transmitting 
and receiving. 

A Collapsible Array for 50 Mc. 

The best antenna possible for operation un-
der mobile conditions is not particularly effec-
tive, as compared with antenna systems nor-
mally used in fixed-station work'. To make the 
most of the fine opportunities for DX work 
afforded by countless high-altitude locations 
which are accessible by car, it is helpful to have 
some sort of collapsible antenna array which 
can be assembled " on tha.apitat Even a sim-
ple array like the one shown in Figs. 14-12 and 
14-13 will effect a great improvement in the 
operating range of the low-powered gear nor-
mally used for mobile operation. This one is 
designed for 50-Mc. use, but similar arrange-
ments can be made for other frequencies. 
The array shown is a 2-element system, com-

prised of a radiator which is fed with coaxial 
line by means of a " T "-match, and a reflector 
which is spaced 0.15 wavelength in back of the 

Fig. 14-12 — A 2-element collapsible array for 50-Mc. 
portable use. 
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Fig. 14-13— Detail drawing of the 
collapsible 50-Mc, array shown in 
Fig. 14-12. All parts except the verti-
cal support, which is 1 inch in di-
ameter, are made of $4-inch dur-
alumin tubing. For carrying pur-
poses, it is taken apart at points 
A and B, inserts of slotted dural 
tubing being used at points A to 
hold the sections together. All ex-
tensions are the same length, the 
difference in element length being 
provided by the length of the center 
sections. 

RADIATOR CENTER 
SECTION 38'LONG 

driven element. It is made entirely of 34-inch 
dural tubing, except for the vertical support, 
which is 1-inch tubing of the same material. 
A suggested method of mounting is shown in 
Fig. 14-12. A short length of 1 X 2-inch or 
larger wood is bolted to the car bumper. A 
piece of 34-inch dural tubing is bolted to this 
upright, and the 1-inch vertical section of the 
array slips over the top of the 34-inch section. 
The array is turned by means of ropes attached 
to the reflector element. Height of the array 
may be increased over that shown by using a 
longer wooden support, in which case it is de-
sirable to use a 2 X 2 for greater strength. An 
anchoring pin made from a spike inserted in 
the bottom end of the wooden support is help-
ful to prevent tilting of the array. With such a 
device embedded in the ground, the whole as-
sembly will remain rigid, which is helpful in 
the high winds usually encountered in moun-
tain-top locations. Portability is provided by 
making the elements in three sections, with 

EXTENSIONS 

ALJ.36'LONG 

TAPE HERE 

DETAIL OF INSERTS 
MD AT POINTS 'A' 

REFLECTOR CENTER 
SECTION•,LONC 

VERTICAL SUPPORT 
•DURAL TURING 

the end sections all the same length. The cen-
ter section of the radiator is 6 inches shorter 
than that of the reflector. 
The fed section of the "T" matching device 

is composed of two pieces of 3d-inch dural tub-
ing about 14 inches long. The two sections are 
held together mechanically, but insulated 
electrically, by a piece of polystyrene rod 
which is turned down just enough to make a 
tight fit in the tubing. The inner and outer 
conductors tif the coaxial line are fastened to 
the two inside ends of the matching section. 
Clips made of spring bronze are used for con-
nection between the radiator and the " T." 
The position of these should be adjusted for 
maximum loading and minimum standing-
wave ratio on the line. 
This antenna system may be used as a dipole 

on 29 Mc. by plugging the reflector sections 
into the driven element, thus bringing its 
over-all length to approximately that of a half-
wave for the high end of the 10-meter band. 

Miscellaneous Antenna Systems 

Coaxial Antennas 

With the " J" antenna radiation from the 
matching 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. 14-14 was developed to eliminate 
feeder radiation. The center conductor of a 
70-ohm concentric transmission line is ex-
tended 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 con-
centric 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 an-
tenna field. The line is nonresonant, 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 
tubing of suitable diameter to clear the trans-

mission line. The coaxial antenna is somewhat 
difficult to construct, but is superior to simpler 
systems in its performance at low radiation 
angles. 

Cylindrical Antennas 

Radiators such as are used for television and 
broad-band FM are of interest in amateur 
v.h.f. operation because they work at high 
efficiency without adjustment throughout the 
width of an amateur band. 
At the very-high frequencies an ordinary di-

pole or equivalent antenna made of small wire 
is purely resistive only over a very small fre-
quency range. Its Q, and therefore its selec-
tivity, is sufficient to limit its optimum per-
formance 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 re-
tuning the whole system. However, in the case 
of antennas fed by matched-impedance lines, 
any appreciable frequency change requires an 
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actual mechanical adjust-
ment of the system. Oth-
erwise, the resulting mis-
match with the line will 
be sufficient to cause sig-
nificant reduction in power 
input to the antenna. 
A properly-designed-

and-constructed wide-
band antenna, on the 
other hand, will exhibit 
very nearly constant in-
put impedance over sev-
eral megacycles. 
The simplest method of 

obtaining a broad-band 
characteristic is the use 
of what is termed a " cy-
lindrical" antenna. This 
is no more than a conven-
tional 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 resonance 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 v.h.f. 

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 characteristic impedance can be re-
duced to a very low value suitable for ex-
tremely wide-band operation. The cone may 
be made up either of sheet metal or of multiple 
wire spines, as in Fig. 14-15. 

Plane Sheet Reflectors 

The small physical size of v.h.f. antennas 
makes practical many methods not feasible 
on lower frequencies. For example, a plane 
flat-sheet reflector may be used with a half-
wave dipole, obtaining gains of 5 to 7 db. 
Much higher gains are attainable with a num-
ber of stacked dipoles, spaced one-quarter or 
three-quarter wavelength apart, and a larger 
reflecting sheet; such an arrangement is called 
a " billboard" array. 

Plane reflectors need not be constructed of 
solid sheets. Wire mesh, or a grid of closely-
spaced parallel-wire spines, is more easily 
erected and offers lower wind resistance. 

Metal 
Rod 

insukzior 

Connected 
to outer 
conductor 
of concentric 

line 

Meta/ 
Sleeve 

70-ohm 
concentric 
• /Me 

Fig. 14-14 — Coaxial 
antenna. The insulated 
inner conductor of the 
70-ohm concentric line 
is connected to the 
quarter-wave metal 
rod which forms the 
upper half of the an-
tenna. 

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 para-
bolic reflector is sufficiently large so that the 
distance to the focal point is a number of wave-
lengths, 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 pattern. With an 
aperture of the order of 10 or 20 wavelengths, a 
beam-width of 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. 

Corner Reflectors 

The " corner" reflector consists of two flat 
conducting sheets which intersect at a desig-
nated angle. The corner-reflector antenna is 
particularly useful at v.h.f. where structures 
one or two wavelengths in maximum dimen-
sions are more practical to build than larger 
systems. 

The plane surfaces are set at an angle of 90 
degrees, with the antenna set on a line bisecting 
this angle. For maximum performance, the dis-
tance of the antenna from the vertex should 
be 0.5 wavelength, but compromise designs 
can be built with closet' spacings. The plane 
surfaces need not be solid sheets; spines spaced 
about 0.1 wavelength apart will serve as well. 
The spines do not have to be connected to-
gether electrically. 

If the driven radiator is situated on a line 
bisecting the corner angle, as shown in Fig. 
14-16, maximum radiation is in the direction 
of this line. There is no focus point for the 
driven radiator, as with a parabolic reflector, 
and the radiator can be placed at a variety of 
positions along the bisecting line. 

Corner angles larger than 90 degrees can be 

0.735 

0 24A 

Balance:Jim* 

Fig. 14-15— Conical broad-band antennas have rela-
tively constant impedance over a wide frequency range. 
The three-quarter wavelength dipole at left and the 
quarter-wave vertical with ground plane at right have 
the same input impedance — approximately 65 ohms. 
Sheet-metal or spine-type construction may be used. 
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Fig. 14-16 — Plane sheet reflectors for v.h.f. and u.h.f. A shows a parabolic sheet and B a square-corner reflector. 

used, with some decrease in gain. A 180-degree 
"corner" is equivalent to a single flat-sheet 
reflector. With angles smaller than 90 degrees, 
the gain theoretically increases as the corner 
angle is decreased. However, to realize this 
gain the size of the reflecting sheets must also 
be increased. 
At a spacing of 0.5 wavelength from the 

driven dipole to the vertex, the radiation re-
sistance of the driven dipole is approximately 

twice the radiation resistance of the same 
dipole in free space. Smaller spacings of driven 
dipole and vertex are practical, but at a slight 
sacrifice in efficiency. The alternative design 
for the 144- and 50-Mc, square-corner reflector 
has a dipole-to-vertex spacing of 0.4 wave-
length. At this spacing the driven-dipole radi-
ation resistance is still somewhat higher than 
its free-space value, but is considerably less 
than when the spacing is 0.5 wavelength. 
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U.H.F. and Microwaves 
Once the amateur pases the 144-Mc. band 

on the way up through the radio-frequency 
spectrum, he encounters a distinct change of 
technique. So far he has been operating in a 
region where various modifications make usa-
ble the familiar coils and condensers, the 
crystal-controlled transmitters, selective super-
het receivers, and other more-or-less standard 
items of the amateur field. 
The boundary line beyond which such con-

ventional gear is no longer usable has moved 
ever higher and higher in frequency as new 
developments and improvements in existing 
equipment have come along. In the early '30s 
the boundary line was our 28-Mc. band; then, 
as that band filled, the line moved up to 56 
Mc., which remained border territory until 
1938, when stabilization of transmitters used 
was made a legal requirement of operation in 
the old 5-meter band. For some years, then, 
the 112-Mc, band, and since the war the 144-
Mc. band, constituted the dividing line, but 
even the latter band has now swung into the 
stabilized-transmitter-and- super het - receiver 
field. 

In the light of current developments, it may 
be said that the 235-Mc, band is now true 
borderline territory. The multistage trans-
mitter can be used successfully, as can the 
superheterodyne receiver of semiconventional 
design, but special tank circuits must be em-
ployed and extreme care in mechanical layout 
must be used, in order to achieve satisfactory 
results. For these reasons, equipment for the 
235-Mc. band is included in this " microwave" 
chapter, though current nomenclature desig-
nates it as a v.h.f. band. 
The 235- and 420-Mc, bands are fruitful 

territory for the experimentally-minded ama-
teur. Most of the gear used will have to be 
made by the worker himself, but the techniques 

employed are such that construction of the nec-
essary equipment will not be outside his 
capabilities. There is enough interest in a 
number of areas to support regular activity in 
both bands, and more can be generated with a 
little organizational effort. 

Antenna work on these frequencies is par-
ticularly intriguing. The antenna systems are 
so small in size that arrays having a gain of 
10 db. or more can be erected in almost any 
location. Experimentation with models built 
for 420 Mc. is a fine way of checking the per-
formance of arrays for lower frequencies. The 
experimenter who starts to work with u.h.f. 
antenna systems is bound to find himself 
spending many interesting hours checking his 
pet antenna ideas. Since u.h.f. or microwave 
experimentation is best accomplished in groups 
of interested workers, it is a fine project for 
cooperative effort by radio clubs. 
The communication possibilities of the u.h.f. 

region should not be overlooked. Recent expe-
rience in the 144-Mc, band has demonstrated 
the possibilities of that band for long-distance 
work, and it is reasonable to assume that 
propagation vagaries, as regards tropospheric 
effects, will continue on up through the micro-
wave range. With suitable antenna systems, it 
is probable that operating ranges on the fre-
quencies above 200 Mc. may equal or approach 
those now being covered in the 70-160-Mc. 
region. 
At leasj, some amateur work has been done 

in all the microwave bands now assigned. The 
work of the pioneers in adapting these fre-
quencies to communication purposes has been 
in line with the best amateur tradition, and it 
is hoped that the almost unknown territory 
from 500 Mc. up will sec much amateur 
exploration in the near future. 

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 
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Fig. 15-1— Equivalent coupling circuits for parallel. 
line, coaxial-line and conventional resonant circuits. 

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 Mc. 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. 
15-1. 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. 

In circuits operating above 300 Mc., the 
spacing between conductors becomes an ap-
preciable fraction of a wavelength. To keep 
the radiation loss as small as possible the 

Fig. 15-2 — Methods of tuning coaxial resonant lines. 

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 
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. 15-2. At the left, a slid-

Fig. 15-3 — Methods 
of tuning parallel-
type resonant lines. 

 e 

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 same 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 
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 
soldered connection or a tight clamp is used to 
secure good contact. - When the length of line 
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Fig. 15-4— Concen. 
tric-cylinder or " pot "-
type tank for v.h.f. 
The equivalent circuit 
diagram is also shown. 
Connections are made 
to the terminals marked 
T. For maximum Q the 
ratio of b to c should 
be between 3 and 5. 

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. 15-3. 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. , 

Equivalent impedance points, for coupling or 
impedance-transformation purposes, are shown 
in Fig. 15-1 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 

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. 

"Pot"-Type Tank Circuits 

The lumped-constant concentric-element 
tank in Fig. 15-4, commonly referred to as the 
"pot" circuit, is equivalent to a very short 
coaxial line (no linear dimension should exceed 
1/20 wavelength), loaded by a large integral 
capacitor. 
The inductance is supplied by the copper 

rod, A. Capacitance is provided by the con-
centric cylinders, B and C, plus the capacitance 
between the plates at the bottoms of the cylin-
ders. 
Approximate values of capacitance and in-

ductance for tank circuits of the " pot" type 
can be determined by the following: 

L 0.0117 log -b mh. 

. (0.6225 d ( 0.17) 
itedd. 

log (1 
C ) 75 b2 

e 

where the symbols are as indicated in Fig. 
15-4, and dimensions are in inches. The left-
hand term for capacitance applies to the con-
centric cylinders, B and C, while the second 
term gives capacitance between the bottom 
plates. 

"Butterfly" Circuits 

The tank circuits described in the preceding 
section are primarily fixed-frequency devices. 
The " butterfly " circuits shown in Fig. 15-5 are 
capable of being tuned over an exceptionally 
wide range, while still having high Q and rea-
sonable physical dimensions. The circuit 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 

(A) 

(D) 

I‘MM 

Stator 

Rotor Ul 

(13) (c) 

(E) 
Fig. 15-5 — "Butterfly" tank circuits for v.h.f., showing 
front and cross-section views and the equivalent circuit. 
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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 180 degrees, thereby achiev-
ing the electrical symmetry réquired to permit 
tapping for balanced operation. Connections 
to the 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 4 and 4' are suit-
able locations for coupling links. 
The capacitance of any butterfly circuit may 

be computed by the standard formula for 
parallel-plate condensers given in Chapter 
Twenty-Four. The maximum inductance can 
be obtained approximately 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 minimum to maximum inductance 

varies between 
1.5 and 4 with 
conventional 
construction. 
Any number 

of butterfly sec-
tions may be 
connected in 
parallel. In prac-
tice, units of 
four to eight 
plates prove 
most satisfac-
tory. The ring 
and stator sec-
tions may either 
be made in a 
single piece or with separate sectoral stator 
plates and spacing rings assembled with ma-
chine screws. 

Glass 

Mica 
Neater 

o.c.cathodo 
connection 

Plate 

God 

Cathode 

eFCathode 
connection 

Fig. 15-6—Sectional view of the 
"lighthouse" tube's construction. 
Close electrode spacing reduces 
transit time while the disk electrode 
connections reduce lead inductance. 

V.H.F. and U.H.F. Tubes 

At very-high frequencies, interelectrode ca-
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 dielectric losses, grid emission, 
and " transit-time" effects. In low-frequency 
operation, the actual time of flight of electrons 

CONCENTRIC LINE 
OUTPUT C1RCutT 

.36 V 
5500.x 

COttECTO* 
+4V 

+350V 

Fig. 15-7 — Simple form of cylindrical-grid velocity. 
modulated tube with retarding-field collector and 
coaxial-line output circuit, used as a superheterodyne 
high-frequency 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. 

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 time represents 1/10 of a cycle, and a 
full cycle at 1000 Mc. These limiting factors 
establish about 3000 Mc. as the upper fre-
quency limit for negative-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 
output may be obtained up to 800 Mc. 

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 megatrons the plate, grid and cathode 
are assembled in parallel planes, as shown in 
Fig. 15-6, 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 
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C 
Fig. 15-8 — Circuit diagram of the klystron oscillator, 
showing the feed-back loop coupling the frequency -con-
trolling rhumbatrons and the output loop in the catcher. 

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 intensity of a constant-
velocity current flow as is the method in ordi-
nary tubes. 
A simple form of velocity-modulation oscil-

lator tube is shown in Fig. 15-7. Electrons 
emitted from the cathode are accelerated 
through a negatively-biased cylindrical grid 
by a constant positive voltage applied 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 accele-
rated 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-
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 

Direction of magnetic fielot—o. 

Dinxaon of magnetic Field 

Filament Anode 

»NI 

(A) 

(B) 

Fig. 15-9 — Conventional magnetrons, with equivalent 
schematic symbols at the right. A, simple cylindrical 
magnetron. B, split-anode negative-resistance magnetron. 

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. 15-8, 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. 
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(A) (8) t) (D) (E) (E) (G) 

He H 

Fig. 15-10 — Electron trajectories for increasing values 
of magnetic field strength, H. Below is shown the corre-
sponding curve of plate current, I. Oscillations ç,ommence 
when H reachesa critical value, II.; progressively higher. 
order modes of oscillation occur beyond this point. 

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 
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 potentials of the two 
halves are unequal, the effect of the magnetic 
field is such that the majority of the electrons 
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 Mc. 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 

(A) 1111111111 _ 

Fig. 15-11 — S.h.f. magnetron circuits. A, split-anode 
type. B, 4-anode type, opposite electrodes paralleled. 

zioe 
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 electron trajectories is 

shown in Fig. 15-10. 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. "or a 

Fig. 15-12 — 
Split - anode 
magnetron 
with integral 
resonant anode — 
cavity for 
use at u.h. f. 

Cathode 

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 ce 
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. 

Fig. 15-10E, 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 
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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. 
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 strueture, as illustrated in Fig. 15-12. 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. 15-13. 
The efficiency of multisegment magnetrons 

Fig. 15-13 — 
Multisegment 
magnetron 
with four res-
onant cavities. 
This construc-
tion is used for 
extremely high Reamant 
frequencies. ceatett 

Cathode 

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. 

Equipment for 235 Mc. 

While the serious experimenter, who is inter-
ested in fully exploring the possibilities of the 
235-Mc. band, will undoubtedly wish to employ 
the most advanced techniques possible, there 
are many who will want to work the band with 
simple gear. The modulated oscillator and the 
superregenerative receiver are in disrepute 
among 144-Mc, enthusiasts principally because 
they were improperly used by many on that 
band, resulting in extremely bad-sounding 
signals and much needless interference. The 
simple-oscillator type of rig is capable of radi-
ating a signal that is not unduly broad, and 
which sounds ,well when received on a not-too-
sha receiver. With proper attention to a few 
imp ant details, the simplest form of equip-
ment can be used on 235-Mc, with good 
results. 

In the transmitter, it is a relatively simple 
matter to avoid the faults that have been so 
common in past experience. If an a.c. power 
supply is used on the transmitter, we should 
use heater-type tubes, to avoicL hum modula-

tion of the signal. Special attention sliould be 
paid to the design of the oscillator, making 
certain that sufficient feed-back (as indicated 
by the grid current) is provided so that the 
oscillator will function over a wide range of 
plate voltages. This assures that the carrier 
will stand up well under reasonable percentages 
of modulation, and that the degree of fre-
quency modulation will be minimized. The 
loading of the oscillator should not be exces-
sive, otherwise the signal will be broad and of 
poor quality. The tubes must be operated at 
considerably-lower ratings than would be used 
on lower frequencies, otherwise there will be 
severe drift, and shortened tube life. 

If the receiver is the superregenerative type, 
we should avoid coupling the detector to the 
antenna, if there is appreciable other activity 
within a few miles, as nothing is more trouble-
some than receiver radiation. The superhetero-
dyne principle can be used without excessive 
complication, and it should be employed wher-
ever possible. A simple solution to this problem 

• 

Fig. 15-14— A one-tube trans-
mitter for 235 Mc. The oscil-
lator is a 7F8 dual triode. 
Linee and antenna coupling 
are below the chassis. 

• 
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• 

Fig. 15-15 — Under-chassis 
view of the 235-Mc. trans-
mitter. Note the method of 
making the shorting bar and 
mounting the trimmer con-
denser — both by the use of 
spring grid clips, permitting 
adjustment of the position of 
either along the line. 

is the use of a converter working into a super-
regenerative detector on some lower frequency, 
or into a broad-band i.f. system, such as an 
FM broadcast receiver. 

A 10- Watt Transmitter for 235 Mc. 

A line oscillator which is suitable for low-
power experimental work is shown in Figs. 
15-14, 15-15 and 15-16. It is built entirely of 
readily-obtainable standard parts, and may be 

+250V. 6.3V. -250V 
- 63V 

Fig. 15-16 — Schematic of the 235-Nie, transmitter. 
R.f. chokes are 12 turns No. 18 d.c.e. wire, 34.-inch diam. 
C2 is 0.0047 dd. See text for other values. 

constructed at very low cost. The tube is a 
7F8 dual triode, working as a push-pull oscilla-
tor, with parallel lines in the plate circuit. The 
frequency is varied by means of a mica trimmer 
which is connected across the line near the cold 
end, so that a vernier effect is attained. A 
rough adjustment of frequency is made by 
means of an adjustable shorting bar. When the 
proper setting of the shorting bar is found, the 
235-240-Mc, band will be covered by about 
two complete turns of the trimmer. 
The transmitter is mounted on a 3 X 5 X 

10-inch chassis. Only the oscillator tube is 
above the chassis, with the lines and antenna 
coupling' below. The antenna coupling loop is 
connected to a National FWG terminal assem-
bly which projects through the end of the 
chassis. The plate lines are 7% inches long 
and made of 8%-inch copper tubing spaced 
3% inch, center to center. They are held in posi-
tion by two halves of a National FWH or 
FWJ terminal block. These blocks are of low-
loss insulating material, and the hole spacing 
is right for this application. The connection 

between the plates and the lines should be 
made with 8%-inch-wide copper strip. They 
are mounted on two cone stand-offs 6 inches 
apart. Self-supporting r.f. chokes, one in the 
cathode lead and the other in the B-plus lead, 
a 1000-ohm resistor from grids to ground, and 
a small by-pass condenser from the hot heater 
terminal to ground, complete the circuit. The 
antenna coupling is a " U"-shaped loop 4% 
inches long. 
The transmitter may be placed in operation 

by applying 6.3 volts a.c. and about 250 volts 
d.c. Plate current, under load, should be under 
40 ma. A lamp load should be used across the 
antenna terminals until the frequency is ad-
justed to within the band limits. The shorting 
bar is made from two National No. 8 grid clips, 
which make a tight fit on the 8%-inch tubing, 
and the trimmer condenser is also connected to 
the line by means of a pair of these clips, mak-
ing it possible to adjust the position of the con-
denser along the line to give the desired degree 
of frequency coverage. The shorting bar and 
the trimmer should be set in such positions 

Fig. 15-17 — A simple converter for 2 i3- Mc. reception. 
The large knob was substituted for the customary small 
one to facilitate slow tuning. 
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Fig. 15-18 — Top view of the 235-Mc. converter. At the 
lower left is the slug-tuned mixer input circuit. The out-
put transformer, also slug-tuned, is in the shield. Just 
visible over the top of the shield is the coaxial if. output 
fitting. Oscillator tuning is by means of the split-stator 
condenser attached to the vernier dial. 

that, with the trimmer set near maximum 
capacitance, the frequency of the oscillator is 
235 Mc. 
The antenna coupling may then be adjusted, 

r-
▪ 63V a3V 4105V -335v 

Fig. 15-19 — Circuit diagram of the 235 Me. converter. 

Ci — 15-itufd.-per-section split stator Bud LC-1660 
reduced to 1 stator and 1 rotor plate per section). 

C2 — 3-30-mpfd. mica trimmer (National M-30). 
C2, C4 — 22-pfd. mica. 
Ca — 27-pmfd. mica. 
Cs, C7 — 470-tgitfd. mica. 
Ri — 1 megohm, watt. 
R2 — 10,000 ohms, j¡ watt. 
Rs, R4 — 1000 ohms, AI watt. 
Li — 1 turn insulated wire, 94-inch diam., wound at 

cold end of L2. 
La — 1 turn No. 18 e. wire, 3/5-inch diam. 
La — 2 turns No. 12 tinned wire, 3j-inch diam., turns 

spaced wire diam. 
Lt — 9 turns No. 18 e. wire, %-inch diam., 5A  inch long. 
La — 2 turns insulated wire, close-wound over bottom 

end of L4. Li and La are wound on a Cambridge 
Thermionic Corp. Type LS-3 slug-tuned coil 
form, 34-inch diameter. L. and La are wound on 
a National Type XR-50 slug-tuned form. 

Ji — Coaxial-cable connector (Jones S-201). 
RFC — 12 turns No. 18 wire, 54.-inch diameter, 1 inch 

long. 

with the antenna connected. The position of the 
loop should be adjusted for maximum power 
transfer (a field-strength meter close to the 
antenna is a good indication), using the mini-
mum coupling that will give satisfactory out-
put. The frequency should be checked again 
after the antenna is on and the coupling ad-
justed, as this operation may have shifted the 
frequency slightly. 
The transmitter can be run at 10 watts in-

put without endangering the tube. The useful 
output is in the vicinity of 2 watts. The rig 
may be modulated with a single 6V6 tube. 

A Simple 235-Mc. Converter 

A simple 'one-tube converter for 235 Mc. is 
shown in Figs. 15-17-15-20. It uses the new 
9-pin miniature 12AT7 dual triode, but a 7F8 
or 6J6 might work equally well. Its circuit is 
similar to that of the 7F8 converter for 144 
Mc., described in Chapter Twelve. One section 
of the tube is used as the oscillator, and is tuned 
by means of a small split-stator condenser and 
the vernier dial. The mixer input circuit is un-
tuned, except for the slug adjustment. Mixer 
output is on 27.9 Mc., but it could be changed 
to any lower or higher frequency within reason, 
to suit the i.f. to be used. The converter was 
designed for use with superregenerative receiv-
ers such as the National One-Ten, or with 
other broad-band receivers capable of tuning 
to the i.f. frequency. It has also been used 
successfully in reception of crystal-controlled 
transmitters, in conjunction with conven-
tional low-frequency communications receiv-
ers, though the selectivity of such an arrange-
ment is excessively sharp for most signals. Its 
sensitivity, with any of the above arrange-
ments, is appreciably better than is obtainable 

Fig. 15-20 — Bottom view of the 235-Mc. converter 
showing the 12AT7 tube mounted below the chassis. 
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with superregenerative detectors operating on 
235 Mc., and the radiation and other disadvan-
tages of the superregen are eliminated. 
The converter is built on the smallest-size 

standard utility box, with the bottom plate 
removed and used for a front panel. The tube 
is mounted with its socket above the chassis, 

permitting short leads to all r.f. components. 
Leads must, of course, be practically non-
existent at these frequencies. The general parts 
arrangement is visible in the photographs, and 
putting the converter into operation is similar 
to the process detailed for the 7F8 converter 
described in Chapter Twelve. 

420-Mc. Gear 

Though it is entirely possible to use crystal 
control, even on 420 Mc., it is highly improb-
able that many amateurs will care to go to the 
trouble necessary to accomplish it. For some 
time to come, at least, most work on this band 
will be done with simple oscillators supplying 
the r.f. power. Superheterodyne-receiver design 
is not too difficult, and a considerable number 
of experimenters will find the superhet the 
most satisfactory receiving system, especially 
when broad-band i.f. systems are employed. 
The i.f. strips used in radar work are readily 
adapted to 420-Mc, amateur work, as their 
extreme broadness is not important at the 
present state of activity on this frequency. 
Broadness in both the transmitter and receiver 
need not be troublesome in this band, which is 
considerably wider than any of our lower v.h.f. 
assignments. 

A 420-Mc. Transmitter 

Not too many tubes are available which can 
be made to function at 420 Mc. Of these, the 
6J6 is a logical choice. The transmitter shown 
in Figs. 15-21 through 15-24 uses a pair of 
6J6s in push-pull-parallel. It can be operated 
at 15 watts input and is capable of delivering 
about 2 watts output at 420 Mc., the output 
dropping off slightly toward the 450-Mc. end 
of the band. 
The circuit and shorting-bar details were sug-

gested by a war-surplus transmitter-receiver 
known as the AN/APS-13. Details of the tank 

Fig. 15-21 — A transmitter for 420 Mc. using two 6J6 
. tubes in push-pull-parallel. Antenna coupling terminals 
project through the front of the chassis. 

Fig. 15-22 — Bottom view of the 420-Mc, transmitter, 
showing the plate-line assembly. Note wide strips used 
to make connection to the tube plates. 

circuit may be seen in the under-chassis photo-
graph, and the drawing, Fig. 15-23. It is made 
of two pieces of ei6-inch copper tubing, this 
size being used because it can be tapped 

(A) 

— 0— 0- 411QL1 t L1 

(B) (C) 
Fig. 15-23 — Detail drawing of the plate-line assembly 
used in the 420-Mc. transmitter. A shows the lines and 
method of mounting in the polystyrene block, which is 
shown in detail at B. The shorting bar, for frequency 
adjustment, is shown at C. In view A parts D are 4-36 
nuts which are tightened on shaft A, a 1%-inch 4-36 
screw. Part D is a bushing which is embedded in the 
polystyrene block. It serves as a bearing. Lines Li. and 
Lib are 1 inches long. 
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+200V. -5.3v. 
-2oov. 

+6.3V. 

Fig. 15-24 — Circuit diagram of the 420-Me, push-pull-
parallel transmitter. 
11; — 2700 ohms, 1,¡ watt. 
Li., Lib — Plate line; see Fig. 15-23. 
RFC', RFC2, RFC3, RFC4, RFC.5 — 6 turns No. 20, 

s-inch inside diameter, inch long. 

merely by running a 6-32 tap into the end of 
the tube, providing a simple means of mount-
ing. The shorting bar is made of two pieces of 
spring bronze which are soldered to opposite 
faces of a 4-36 nut. A long screw, mounted in 
the polystyrene block which also acts as a sup-
port for the two portions of the line, serves as a 
means of frequency adjustment, its head being 
reached through a rubber-gronametted access 
hole in the end of the chassis. With the dimen-
sions shown, movement of the shorting bar the 
whole length of the line just about covers the 
420-450-Mc. range. Output drops off slightly 
at the high end, as might be expected, with 
most of the tank circuit shorted out. Note that 
the two plates of each 6J6 are connected to the 
tank circuit by means of 3A-inch-wide copper 
strip, for negligible lead inductance. 
The unit is mounted on the top plate of a 

small-sized utility box, with antenna terminals 
(National FWG) coming out through one side. 
Small self-supporting r.f. chokes are inserted in 
each heater lead, and the cathode is connected 
to the heater (be sure it's the grounded side) at 
the socket. Another r.f. choke is in the B-plus 
lead to the cold end of the tank circuit. A grid 

Fig. 15-26 — Close-up view of the detector assembly 
used in the 420-Mc. receiver. The frequency coverage is 
attained by moving a copper vane across the "U"-
shaped detector tank circuit, maximum frequency being 
reached when the loop is•covered by the vane. Antenna 
coupling is varied by means of the hairpin loop at the 
left. The two audio tubes were removed from their 
sockets to permit a clear view of the tuning system. 

resistor is the only additional circuit com-
ponent required. 
The transmitter should be checked at low 

voltage, preferably 200 or under, until it is 
determined that it is operating correctly. At 
250 volts it can run as high as 60 ma. without 
damaging the 6J6s, provided a load is kept 
across the antenna terminals. Since few experi-
menters will have an absorption-type wave-
meter for 420 Mc., it is best to check the fre-
quency with Lecher wires. Antenna coupling 
should be adjusted until maximum output is 

obtained, the least amount of cou-
pling possible bcing used. Frequency 
checks should be made with the an-
tenna attached, once the frequency 
of the oscillator is found to be close 
to the band. 

Fig. 15-25 — A superregenet-
ative receiver for 420 Mc. 
The two lower controls are 
for variation of detector volt-
age (left) and audio gain. The 
vernier dial controls the posi-
tion of the tuning vane, while 
the knob at the top adjusts 
the antenna coupling. 
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Though the output of this little transmitter 

is less than two watts, it. is sufficient for much 
interesting work. Since It is a simple matter to 
attain antenna gains of 15 db. or more at this 
frequency, a small amount of power can be 
made to produce surprising results. 

Superregenerative Receiver for 420 Mc. 

Though the advanced experimenter will wish 
to use something more elaborate, the simple 
superregen is a good start on 420 Mc. The 
tuning system used in the receiver, see Fig. 
15-26, could, however, be adapted to the 
tuning of the oscillator in a converter, if a 
suitable broad-band i.f. system is available. 

It is obviotis that coils and condensers, in the 
normal sense, are incapable of operation at 420 
Mc. The tuning arrangement used in this 
receiver is the vane type, wherein a self-reso-
nant loop of wire has its inductance reduced by 
passing a copper vane across the plane of the 
loop. The three-tube receiver shown in Figs. 
15-25-15-28 uses a 955 superregenerative 
detector, with a loop of stiff wire connected 
between the plate and the grid-blocking con-
denser, in a manner similar to the conventional 
circuit used on lower frequencies. In details 
other than the tuning arrangement, the re-
ceiver is similar to self-quenched detectors 
used for years on lower v.h.f. bands. 
The 955 socket is mounted on one side of a 

" U "-shaped bracket, with the grid and plate 
terminals at the top, so that the inductor ex-
tends above the top of the mounting bracket. 
The vane is attached to a 3-inch polystyrene 
rod which extends through a shaft bearing on 
the opposite side of the bracket from the tube 

Ant 

0131 .Querreeur.1.3 RFC, RFC2 

C, 
55 iC2 

6.3v. 
6.3V. 

Ci — 47-pmfd. trimmer (National XLA-C). 
C2 — 0.0033-mfd. mica. 
C3 — 0.01-ufd. 400-volt paper. 
C4, C5 — 10-mfd. 25-volt electrolytic. 
— 1.2 megohms, 1,¡ watt. 

Ri — 47,000 ohms, 34 watt. 
R3 — 0.5-megohm potentiometer. 
R4 — 2200 ohms, 34 watt. 
Ra., R9 — 0.1 megohm, ,1A watt. 
R7 470 ohms, 1 watt. 
Rs — 50,000-ohm potentiometer. 

Fig. 15-27— Bottom view of the 420-Mc. receiver. 
Loudspeaker terminals are at the lower left. At the 
right are the antenna terminals, from which a length of 
300-ohm line runs up through the chassis to the antenna 
coupling loop. 

socket. The vane is moved across the coil by 
means of a vernier dial, providing slightly 
more than 30 Mc. tuning range. The vane is 
not grounded, so that if it accidentally touches 
the coil it will not short the B-plus to ground. 

Adjustable antenna coupling, absolutely 
necessary at this frequency, is provided by a 
hairpin loop which is attached to a front-panel 

5 , e Fig.15-28 — Sche-
matic of the 420-
Mc. receiver. 

+2309. 

R9 — 22,000 ohms, watt. 
Li — Hairpin loop; No. 12 wire with an inside diameter 

of % inch and a length of 234 inches. 
L2 — Hairpin loop; No. 12 wire with an inside diameter 

of 3¡ inch and a length of 2 inches. Vane-tuned 
— see text and photograph. 

.11 — Closed-circuit jack. 
RFQ — 4-5h. r.f. choke (Millen 34300). 
RFC2 — 10-mh. r.f. choke (Millen 34210). 
Si — S.p.s.t. toggle switch. 
Ti — Interstage transformer. 
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control in a manner that will be clear from the 
front- and rear-view photographs. A length of 
300-ohm line runs from the hairpin through a 
hole in the chassis to the antenna terminals on 
the back of the chassis. 

Critical points in attaining smooth operation 
of the 'detector are the values of R1, C2 and 

R2, and the condition of the 955 tube. Tubes 
which work satisfactorily on lower frequencies 
may fail to operate entirely on 420 Mc. The 
addition of r.f. chokes in the heater and 
cathode leads may be necessary in some cases. 
They should be similar to those used in the 
420-Mc. transmitter. 

Wave Guides and Cavity Resonators 

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. 

(A) (B) 

transmission line. Fig. 15-29— Evolution of a wave guide from a two-w ire 

In Fig. 15-29A, 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. 
15-29C. As before, the line impedance still will 
not be affected. But now, instead of a two-wire 
transmission line, the energy is being con-
ducted 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 
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 electric-
ity. Typical distributions of 
electric and magnetic fields 
in a rectangular guide are 
shown in Fig. 15-30. It will 
be observed that the intensity 
of the electric field is greatest 
at the center along the x di-
mension, diminishing to zero 
at the end walls. The latter 

is a necessary condition, since the existence of 
any electric field parallel to the walls at the 
surface would cause an infinite current to flow 
in a perfect conductor. 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. 15-31. 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 
reflection at which this cancellation occurs de-
pends upon the width x of the guide and the 
length of the waves; Fig. 15-31A 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-
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Fig. 15-30 — Field distribution in a rectangular wave 
guide. The 'FRIA mode of propagation is depicted. 

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 the two 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. 15-31. 

Modes of Propagation 

Fig. 15-30 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 
frequency to be transmitted. Each field config-
uration is called a mode. All modes may be 
separated into two general groups. One group, 
designated TM (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 other 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. TM waves are sometimes called 
E waves, and TE waves are sometimes called 
H 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, TEL°. 
TMia, etc. The number of possible modes in-
creases with 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. 
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Wave-Guide Dimensions 

In the rectangular guide the critical dimen-
sion is x in Fig. 15-29; this dimension must be 
more than one-half wavelength at the lowest 
frequency to be transmitted. In practice, the y 
dimension usually is made about equal to AJ.r 
to avoid the possibility of operation at other 
than the dominant mode. 

Other cross-sectional shapes than the rec-
tangle can be used, the most important being 
the circular pipe. Much the same considera-
tions apply as in the rectangular case. 

Wavelength formulas for rectangular and 
circular guides are given in the following table, 
where x is the width of a rectangular guide and 
r is the radius of a circular guide. All figures 
are in terms of the dominant mode. 

Rectangular Circular 
Cut-off wavelength  2x 3. 41r 
Longest wavelength trans-

mitted with little atten-
uation  1.6x 3.2r 

Shortest wavelength before 
next mode becomes pos-
sible  lz 2.flr 

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 the fre-

' quency is increased, coils and condensers must 
be reduced to impracticably small physical 
dimensions. Up to a certain point this difficulty 
may be overcome by using linear circuits but 
even these fail at extremely high frequencies. 
Another kind of circuit particularly applicable 
at wavelengths of the order of centimeters is 
t he 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. 15-32. As in the case of the wave-guide 
derivation, this picture must be accepted with 
some reservations, and for the same reasons. 

Considering that even a straight piece of wire 
has appreciable inductance at very-high fre-

POSITIVE CREST 

NEGATIVE CREST 

Fig. 15-31 — Reflection of two component waves in a 
rectangular guide. x = wavelength in space, xg -= wave-
length in guide. Direction of wave motion is perpendicu-
lar to the wave front (crests) as shown by the arrows. 
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Fig. 15-32 — Steps in the derivation of a cavity resona-
tor from a conventional coil-and-condenser tuned circuit. 

quencies, it may be seen in Fig. 15-32A 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. 15-32C, the circuit may be thought of 
as a resonant-line section. For d.c. 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 
section. 

Increasing the number of parallel wires be-
tween the plates of the condenser would have 
no effect on the equivalent circuit, as shown 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, the circuit 
will respond like any equivalent coil-condenser 
tank circuit at its resonant frequency. A cavity 
resonator may therefore be used as a u.h.f. tun-
ing element, along with a vacuum tube of suit-

-X 

CYLINDER 

_t-

SPHERE SPHERE WITH 
REENTRANT CONES 

Fig. 15-33 — Forms of cavity resonators. 
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able design, to form the main components of 
an oscillator circuit which will be capable of 
functioning at frequencies considerably beyond 
the maximum limits possible when conven-
tional tubes, coils and condensers are employed. 

Other 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. 15-33. The resonant fre-
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  4r 

The resonant wavelengths of the cylinder 
and square box are independent of the height 
when the height is less than a half-wavelength. 
In other modes of oscillation the height must 
be a multiple of a half-wavelength as measured 
inside the cavity. Fig. 15-32F 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. 

id 

CROSS-SECTIONAL VIEW 

Fig. 15-34 — Re-entrant cylindrical cavity resonator. 

A form of cavity resonator in wide practical 
use is the re-entrant cylindrical type shown in 
Fig. 15-34. It is useful in connection with vac-
uum-tube oscillators of the types described 
for u.h.f. use earlier 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. 
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 
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(A) (B) 
Fig. 15-35 — Coupling to wave guides and resonators. 

are shown in Fig. 15-35. 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 B 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 the 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. 

Amateur Microwave Technique 

All he microwave bands allotted to ama-
teurs have been used experimentally for com-
munication purposes. Complete description of 
the equipment used is beyond the scope of this 
text, but reference is made to various articles 
which have appeared in QST, describing the 
gear devised by the amateur pioneers in this 
field. 

For the experimentally inclined, our micro-
wave assignments represent a challenge to ama-
teur ingenuity. Who can say but greater use 
of these frequencies will repeat past history, 
turning up propagation peculiarities and poten-
tial uses which will make these bands as 
coveted a region as our " communication fre-
quencies" are considered today? 
The first amateur microwave communica-

tion was carried on by Merchant and Harrison, 
W6BMS/2 and W2LGF, who assembled the 
gear shown in Fig. 15-36 in time to communi-
cate with each other on November 15, 1945 — 
the date that the microwave bands were offi-
Many opened to amateur experimentation. 
They used two klystron tubes, one as a fre-
quency-modulated transmitter oscillator, the 
other as a local oscillator for receiving. The 
latter workod in conjunction with a crystal 
mixer, into a 30-Mc. i.f. in the form of an FM 
receiver. 
The 2300-Mc, amateur assignment was first 

used for communication by Koch and Floyd, 
W9WHM /2 and W6OJK/2, who used light-
house tubes in simple transceivers, both oi 
which aro shown in Fig. 15-37. Their antenna 
systems used parabolic reflectors, one being 
made of wire screening attached to a wooden 
frame, and the other, also shown in the photo-
graph, was simply an electric-heater assembly, 
with the microwave dipole substituted for the 
heater element. 
Amateur communication on 10,000 Mc. was 

first accomplished by Atwater and McGregor, 
W2JN and W2RJM, who modified 723-A/B 
klystrons to permit their operation in the 
amateur band. They are shown, with one of 
their equipment set-ups, in Fig. 15-38. A 
somewhat similar arrangement was used by 

W4HPJ/3 and W6IFE/3 to extend the dis-
tance record, and has since been employed by 
W6IFE in opening the 3300-Mc, band to ama-
teur use, except that the tube used in the latter 
instance was a 707-B with an external cavity. 
The highest frequency ever used in amateur 

work is 21,000 Mc., first employed by Shar-
baugh and Watters, W1NVL/2 and W9SAD/2, 
whose laboratory set-up is shown in Fig. 15-39. 
The r.f. generator, for transmitting and receiv-
ing, was a developmental tube designated as 
the Z-668, a velocity-modulated tube of the 
reflex type. Communication was carried on, 
two-way, over a distance of 800 feet. 
A list of QST references, arranged accord-

ing to the amateur band concerned, follows. 
It should be emphasized that the equipment 

Fig. 15-36 — The first amateur microwave communica-
tion was accomplished by W6BMS (left) and W 2LGF, 
who used two sets of similar equipment to open the 
5300-Mc, amateur band on November 15, 1945, the date 
that the first microwave bands wereveleased for amateur 
use. 
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Fig. 15-37—The 2300-Mc. band was first employed for amateur communication by W6OJK (left) and W9WIIM 
(extreme right). Antenna systems employed a standard electric-heater unit and a handmade screen-lined parabola. 

described in these reports is experimental in 
nature. In most instances it represents only one 
of several ways in which microwave communi-
cation equipment might be built. The distances 
covered in the pioneering work just mentioned 
are not, for the most part, indicative of the 
maximum working range, since exploration 
of the particular band in question was the end 
in view when the experiments were conducted, 
rather than the covering of any long distances. 
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21,000 Mc. — Sharbaugh and Watters, " Our 
Best DX — 800 Feet!" Aug. 1946 
QST, page 19. 



CHAPTER 16 

Measuring Equipment 
To comply with FCC regulations it is neces-

sary that the amateur station be equipped to 
make a few relatively simple measurements. 
For example, the regulations require that 
means be available for checking the transmit-
ter frequency to make sure that it is inside the 
band. This means must be independent of the 
frequency control of the transmitter itself; it 
is not enough to depend on, say, the calibration 
of a crystal in the crystal-controlled oscillator 
that drives the transmitter. In addition, it is 
necessary to make sure that the plate power 
input to the final stage of the transmitter does 

not exceed one kilowatt. The regulations also 
impose certain requirements with respect to 
plate-supply filtering, stability and purity of 
the transmitted signal, and depth of modula-
tion in the case of 'phone transmission. 

In many cases all these measurements can 
be made to a satisfactory degree of accuracy 
with no more auxiliary equipment than the 
regular station receiver. However, a better job 
usually can be done by building and calibrating 
some relatively simple test gear. Too, the 
progressive amateur is interested in instru-
ments as an aid to better performance. 

Frequency Measurement 

Frequency-measuring equipment can be di-
vided into two broad classes: oscillators of 
various types generating signals of known 
frequency that can be compared with the 
signal whose frequency is unknown, and ad-
justable resonant circuits. 

Instruments in the first classification are the 
more accurate. Two types are commonly used 
by amateurs, the secondary frequency stand-
ard and the heterodyne frequency meter. The 
secondary frequency standard, nearly always 
crystal-controlled, usually generates a fre-
quency of 100 kc. and employs a circuit that is 
rich in harmonic output. As a result, it supplies 
a series of frequencies, all multiples of 100 
kc., which provides accurate calibration points 
throughout the communications spectrum. The 
more elaborate instruments of this type are 
provided with frequency dividers (multivi-
brators) to supply intermediate calibration 
points; a divisor commonly used is 10, thus 
furnishing signals at intervals of 10 kc. when 
the fundamental frequency is 100 kc. 
The heterodyne frequency meter is a varia-

ble-frequency oscillator which is calibrated in 
frequency against a secondary eendard or by 
other means. The oscillator usual!,' is designed 
to cover the lowest frequency band in which 
measurements are to be made; measurements 
then can be made in higher-frequency bands by 
using the harmonic output of the oscillator. 
For example, when the oscillator is set to 3560 
kc. its second harmonic is 7120 kc., its fourth 
harmonic is 14,240 kc., and so on. The proper 
frequency reading is determined by knowing 
the fundamental frequency of the oscillator 
and the number of the harmonic that falls in 
the desired frequency range. 

Both the secondary standard and the hetero-
dyne meter are ordinarily used in conjunction 
with a receiver, the signals from the instru-
ments being picked up just as though they 
were from distant stations. In the case of the 
secondary standard, the frequency of the un-
known signal can be determined by locating it 
between two known 100-kc. or 10-kc. multi-
ples. With the heterodyne meter, the frequency 
is measured by adjusting the frequency meter 
until its signal is at zero beat with the signal 
of unknown frequency, after which the fre-
quency can be read from the frequency-meter 
calibration. 

Since the secondary standard operates on a 
fixed frequency and can be crystal-controlled, 
its accuracy can be quite high. However, it 
simply establishes a series of known frequencies 
at regular intervals, and thus auxiliary meth-
ods must be used for determining frequencies 
between the known points. The series of fixed 
frequencies, when they mark the edges of 
amateur bands (as they do if they are multiples 
of 100 kc.), is quite sufficient for amateur work 
because the information that is required is 
whether or not the transmitter frequency is 
inside the band limits, rather than the exact 
frequency itself. On the other hand, the hetero-
dyne frequency meter, while capable of giving 
readings at any point in its calibrated range, 
is inherently less accurate than the crystal-
controlled standard because of the lower sta-
bility of the variable-frequency oscillator. 

In the absence of more elaborate frequency-
measuring equipment, a calibrated receiver 
may be used to indicate the approximate fre-
quency of the transmitter. If the receiver is 
well made and has geod inherent stability, a 
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Fig. 16-1 — Heterodyne frequency meter with built-in harmonic 
amplifier, crystal calibrator, and detector, usable on all amateur 
bands up to 144 Mc. Controls along the bottom of the panel are, 
from left to right, crystal-oscillator on-off switch, 100/1000-kc. 
crystal-selector switch, calibration range switch, drift compensator, 
harmonic-amplifier range switch, output control, headphone jack. 
The two output terminals are along the right-hand edge. 

bandspread dial calibration can be relied upon 
to within perhaps 0.2 per cent. For most ac-
curate measurement maximum response in the 
receiver should be determined by means of a 
carrier-operated tuning indicator (such as an 
S-meter), the receive beat oscillator being 
turned off. 
When checking the transmitter frequency 

the receiving antenna should be disconnected, 
so that the signal will not overload or " block" 
the receiver. 1f the receiver still blocks with-
out an antenna the frequency may be checked 
by turning off the power amplifier and tuning 
in the oscillator alone. 

• HETERODYNE FREQUENCY METER 
AND CRYSTAL CALIBRATOR 

The basis of the heterodyne frequency meter 
is a completely-shielded oscillator with a pre-
cise frequency calibration. The oscillator must 
be so designed and constructed that it can be 
accurately calibrated and will retain its cali-
bration over long periods of time. 
The oscillator used in the frequency meter 

must be very stable. Mechanical considera-
tions are most important in its construction. 
No matter how good the instrument may be 
electrically, its accuracy cannot be depended 
upon if the mechanical construction is flimsy. 
Inherent frequency stability can be improved 
by avoiding the use of phenolic compounds 
and thermoplastics (bakelite, polystyrene, 
etc.) in the oscillator circuit, employing only 
high-grade ceramics instead. Plug-in coils 
ordinarily are not acceptable; instead, a solidly-
built and firmly-mounted tuned circuit should 
be permanently installed. The oscillator panel 
and chassis should be as rigid as possible. 

A stable oscillator circuit suitable 
for use in a heterodyne frequency me-
ter is the electron-coupled circuit. It 
is possible to take output from the 
plate with but negligible effect on the 
I requency of the oscillator, and strong 
harmonics are generated In the plato 
circuit. 
The heterodyne frequency meter 

shown In Figs. 16-1 to 16-4, in-
clusive, combines a number of features 
that make it suitable for accurate 
frequency measurement in the ama-
teur bands from 3.5 to 144 Mc. As 
shown in the circuit diagram, Fig. 
16-3, it consists of a 651i7 electron-
coupled oscillator followed by a 
GAC7 amplifier that is used to inten-
sify the higher-frequency harmonics. 
A second 6SK7 oscillator, using a 
crystal of the type that operates at 
either 100 or 1000 kc., provides check-
points and a means for calibration of 
the frequency meter. A 6SL7 is incor-
porated to amplify the crystal har-
monics and to provide a detector 
circuit in which the outputs of the 

crystal and c.c. oscillators can be mixed for 
calibration purposes. The detector also enables 
direct checking of the transmitter frequency. 
The fundamental tuning range of the hetero-

dyne oscillator is from 3500 to 4000 kc. By 
means of St this range can be changed to 
3500-3720 kc., approximately, so that the 
eighth harmonic just covers the 28-29.7-Mc. 
band. This avoids excessively critical tuning at 
the higher frequencies. The main tuning con-
denser, C2, is connected across all of L1 for the 
larger range and is connected to a tap on L1 
for the smaller to increase the bandspread. 
Simultaneously, an adjustable padding con-
denser, C1, is switched in so that the oscillator 
frequency will be exactly 3500 kc. with C2 set 
at maximum capacitance regardless of the 
switch position. C4 is a fixed padding con-
denser to make the circuit fairly high C, and 
C5 is the band-setting condenser. Ca is a small 
padder adjustable from the panel; its function 
is to permit resetting the oscillator frequency 
to the calibration points provided by the crys-
tal oscillator and thus take care of drift effects. 
The 6AC7 plate circuit is broadly tuned by 

means of switched coils resonating, with the 
circuit capacitances, at 144, 50 and 28 Mc., 
and thus increases the harmonic strength on 
those bands. A radio-frequency choke is con-
nected to the fourth switch position; this gives 
ample signal strength at 14 Mc. and lower fre-
quencies. R6 makes it possible to reduce the 
strength of the signal from the meter to the 
value desired for measurement purposes. 

In the crystal-oscillator circuit, 82 changes 
the frequency from 100 to 1000 kc. or vice 
versa. In the 100-kc. position C14 is connected 
across the crystal to provide means for adjust-
ing the frequency to exactly 100 kc. 
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WWV SCHEDULES 

Standard radio and audio frequencies are 
broadcast from WWV, the station of the Central 
Radio Propagation Laboratory, National Bureau 
of Standards, 11 ashington, D. C., on the follow-
ing schedule: 

Freq. in Mc. Time, EST 
2.5 7 P.M. to 9 A.M. 
5 7 P.M. to 7 A.M. 
5 7 A.M. to 7 P.M. 

10 Continuously 
15 Continuously 
20 Continuously 
25 Continuously 
30 Continuously 
35 Continuously 

Modulation, e.p.s. 
1 and 440 
1 and 440 
1, 440 and 4000 
1, 440 and 4000 
1, 440 and 4000 
1, 440 and 4000 
1, 440 and 4000 
1 and 440 
1 

The 1-c.p.s. modulation is a 0.005-second 
pulse, the beginning of which marks each second 
to an accuracy of one part in 1,000,000. The pulse 
is omitted on the 59th second of every minute. 
The accuracy of the radio and audio fre-

quencies is within one part in 50,000,000. The 
audio frequencies are interrupted exactly on the 
hour and each five minutes thereafter; they are 
resumed in precisely one minute. During each 
silent interval the time is given in telegraphic 
rode. A station announcement is given in voice 
on the hour and half hour. 

As shown in Figs. 16-2 and 16-4, the fre-
quency meter is built on a chassis folded from a 
piece of sheet aluminum, the dimensions being 
9 inches wide by 5Y2 inches deep by 2 inches 
high. Half-inch lips are bent along the bottom 
edges of the walls to make the chassis more 
rigid. The cabinet into which the meter fits is 
10 X 7 X 6 inches. The main tuning con-
denser, C2, is mounted on an aluminum bracket 
above the chassis and the coil, Li, is 
similarly mounted below it. The band-
setting condenser, C5, is mounted on 
the chassis behind the coil, with its 
shaft protruding through the chassis 
for screwdriver adjustment. Trjmmer 
C3 is mounted on the panel and is ad-
justed by a knob underneath the main 
tuning dial. The coil is shielded from 
the amplifier section by the small 
aluminum baffle shown in Fig. 16-4. 
The bandspread padder, Ci, is mounted 
to the left of the oscillator range 
switch and, like C5, is screwdriver-
adjusted from the top of the chassis. 
Wiring in the oscillator tuned circuit, 
including the switch, should be short, 
direct, and as rigid as possible. 
The 100-kc. oscillator trimmer, CH, 

does not require frequent adjustment 
and is therefore mounted on the rear 
edge of the chassis, close to the crystal 
unit. CH, the plate tuning condenser for 
1000 kc., is adjusted from the top of the 
chassis and is mounted to the right of 
the crystal-oscillator socket in Fig. 
16-4. 

In putting the instrument into op-
eration, the crystal oscillator should 

be checked first. Connect a length of wire to 
the crystal output terminal (from Cis) and lis-
ten on a receiver over the range from 3.5 to 5 
Mc. With 82 in the 1000-kc. position, signals 
should appear at 4000 and 5000 kc., and with 
82 in the 100-kc. position signals should be 
heard every 100 kc. Tune in WWV on 5000 
kc., wait for the modulation to go off, and then 
adjust C14 for zero beat. This sets the oscillator 
to precisely 100 kc. In the 1000-kc. position 
there may be a difference of a few kilocycles 
between the frequency of WWV and the 5-Mc. 
harmonic, but this is not a serious condition 
sinée the 1000-kc. crystal oscillator is used only 
as an aid in identification of the 100-kc. har-
monics. 
To set the range of the e.c. oscillator, put $2 

in the 1000-kc. position, plug a pair of 'phones 
into Ji, set 82 on the maximum range position 
(('2 across all of Li), and set C2 near minimum 
capacitance. Adjust C5 until the 4000-kc. har-
monic is heard. Then switch S2 to 100 kc. and 
tune C2 toward maximum, counting off five 
additional 100-kc. signals. C5 may then be re-
adjusted to bring the 3500-kc. marker close to 
the end of the tuning-dial scale. The 100-kc. 
points may then be marked off on the scale or 
the readings recorded. The second tuning 
range is adjusted by setting C2 at 3500 kc. on 
the first range, then setting Si so that C2 
is connected to the tap, and adjusting Ci (with-
out touching C2) so that the 3500-kc. marker is 
brought to the same point on the dial. The sec-
ond range may be calibrated by the 100-kc. 
points in the same way as the first. 

Calibration points may be obtained be-
tween the 100-kc. markers on both ranges by 

Fig. 16-2 — Inside view of the heterodyne frequency meter. The 
main tuning condenser is in the center with the c.c. oscillator tube 
to its right. The crystal-oscillator tube is at the upper left, and the 
twin-triode amplifier-detector is in line with it at the rear edge 
(foreground) of the chassis. The 6AC7 is in the lower-right corner. 



474 CHAPTER 16 

Fig. 16-3 — Circuit diagram of 

Cs, Ca — 75-jed. variable. 
CI, Cie — 100-mpfd. variable. 
C3, C14 — 25-upfd. variable. 
C4— 220-ppfd. mica. 
C6, C10, C13 — 100-upfd. mica. 
C8, Cs, Cis, C20, C21 — 0.01-mfd. paper. 

Cu, Cis — 47O-pfd. mica. 
C12 — 10-umfd. mica. 
C17 — 0.001-pfd. mica. 
C18 — 47-mmfd. mica. 
RI, R3, Rs, Ris — 0.47 megohm, A watt. 
112 — 10,000 ohms, 1 watt. 
R4 — 330 ohms, 1 watt. 
Rd — 25,000-ohm potentiometer. 
R- 4.7 megohms, A watt. 
Ri — 470 ohms, 1 watt. 
Rs — 0.22 megohm, 1 watt. 
Rio — 10,000 ohms, 1 watt. 
Rit — 1500 ohms, 1 watt. 

using a receiver as an auxiliary. For example, 
if the receiver is adjusted to pick up the fifth 
harmonic of the ex. oscillator ( 17.5 to 20 Mc.) 
and the harmonic is beat against 100-kc. points 
from the crystal oscillator in that range, 100-kc. 
intervals on the fifth harmonic will give 20-kc. 
intervals on the fundamental. With a straight-
line capacitance condenser at C2, the relation-
ship between dial divisions and frequency is 
almost linear, and marking off the dial at the 
proper intervals between actual calibration 
points will result in a calibration of sufficient 
accuracy. 
The various amateur bands are covered by 

the following harmonics: 3.5-4 Mc., funda-
mental; 7-7.3 Mc., 2nd harmonic; 14-14.4 
Mc., 4th; 27.185-27.245 Mc., 7th; 28-29.7 Mc., 
8th; 50-54 Mc., 14th; 144-148 Mc., 40th. At 
lower frequencies a short length of wire con-
nected to the output terminal will give ample 
signal strength under average conditions, but 
in the v.h.f. range closer coupling — such as 
running the wire in close proximity to the re-
ceiving antenna lead, or actually connecting it 

the heterody ne frequency meter. 
Ris, 1114 — 0.1 megohm, A watt. 
— 18 turns No. 18 on 1-inch form, length 1A inches. 

Cathode tap 5 turns from ground end; band-
spread tap 11 turns from ground. 

L2 — 24 turns No. 18 enam. close-wound on A-inch 
form. 

L3 — 11 turns No. 18 enam. close-wound on 3-inch 
form. 

L4— 2 turns No. 16 spaced A inch, diameter A inch. 
L5 — 8-mh. coil (r.f. choke). 
Ls — I pie of 4-pie 2.5-mh. r.f. choke. 
ji — Open-circuit jack. 
RFC', RFC2 — 2.5-mh. r.f. choke. 
Si — 2-position 2-pole ceramic wafer switch. 
S2 — 2-position 2-pole switch (bakelite insulation sat-

isfactory). 
Ss — S.p.s.t. toggle. 
S4 — 4-position 1-pole ceramic wafer switch. 
XTAL — 100/1000-kc. crystal unit (Bliley SMC-100). 

to the antenna post through a small fixed con-
denser — may be necessary to get a good 
signal. 

With an instrument of this type the edges of 
amateur bands may be quite accurately deter-
mined, if care is used in setting the 100-kc. 
oscillator to WWV and equal care is used in 
setting the c.c. oscillator scale to the 100-kc. 
crystal points. Cg may be used for the latter 
purpose each time the meter is used, and par-
ticularly during the first 30 minutes or so of 
operation when the temperature of the equip-
ment is rising. The accuracy at intermediate 
points will depend upon the accuracy of the 
original calibration; it should be possible to 
read within 0.05 per cent under normal condi-
tions by using the " drift corrector," Cg. 

• ABSORPTION FREQUENCY METERS 
The simplest possible frequency-measuring 

device is a resonant circuit, tunable over the 
desired frequency range and having its tuning 
dial calibrated in terms of frequency. Such a 
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tiequency meter operates by extract-
ing a small amount of energy from the 
oscillating circuit to be measured, the 
frequency then being determined by 
tuning the frequency-meter circuit to 
resonance and reading the frequency 
from the calibrated scale. This method 
is not capable of as high accuracy a, 
the heterodyne methods for two rea-
sons: First, the resonance indication is 
relatively " broad" as compared to the 
zero beat of a heterodyne; second, the 
necessarily close coupling between the 
frequency meter and the circuit being 
measured causes some detuning in 
both circuits, with the result that the 
calibration of the frequency-meter 
circuit depends to some degree on the 
coupling to the circuit being measured. 

It is necessary to have some means 
for indicating resonance with an ab-
sorption frequency meter. When such 
a meter is used for checking a trans-
mitter, the plate current of the tube connected 
to the circuit being checked can provide the 
resonance indication. When the frequency me-
ter is tuned through resonance the plate cur-
rent will rise, and if the frequency meter is 
loosely coupled to the tank circuit the plate 
current will simply give a slight upward flicker 
as the meter is tuned through resonance. The 
greatest accuracy is secured when the loosest 
possible coupling 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 the frequency meter is coupled to the 
oscillator coil and tuned through resonance the 
beat-note will change. Again, the coupling 
should be made loose enough so that a just-
perceptible change in beat-note is observed 
when the meter is tuned through resonance. 

Although the absorption-type frequency 
meter should not be depended upon for 
accurate measurement, it is a highly-
useful instrument to have in the station 
even when better frequency-measuring 
equipment is available. Since it gen-
erates no harmonics itself, it will re-
spond only to the frequency to which 
it is tuned. It is therefore indispensa-
ble for distinguishing between funda-
mental and various harmonics, and 
for detecting harmonics and parasitic 
oscillations. When provided with a 
sensitivo resonance indicator it is also 
useful for detecting r.f. in undesired 
places such as power wiring, for mak-
ing rough measurements of field 
strength in adjustment of antennas, 
and can likewise be used as a modula-
tion monitor. 
An approximate calibration — usu-

ally sufficient — may be obtained by 
comparison with a calibrated receiver. 
The usual receiver dial calibration is 

Ar; 

it,- - Underneath the chassis of the heterody ne frequency 
meter. The parts layout is discussed in the text. 

sufficiently accurate. A simple oscillator circuit 
covering the 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. 

• A SENSITIVE ABSORPTION 
FREQUENCY METER 

Figs. 16-5 to 16-7, inclusive, show an ab-
sorption frequency meter or " wavemeter" 
with a crystal-detector /milliammeter reso-
nance indicator that provides a relatively high 
degree of sensitivity. As shown in Fig. 16-6, a 

Fig. 16-5 — A sensitive absorption-type frequency meter with a 
crystal-detector rectifier and a d.c.-milliammeter indicating circuit. 
The meter is housed in a separate compartment so that it may be 
used with other measuring devices. The cabinet and front cover 
are drilled and tapped to accommodate the mounting screws for a 
large-size chart frame; frequency calibrations are marked on card-
board held in place by the chart frame. A short strip of wood, drilled 
to match the coil-form prongs, is used as a rack for the coils. Meter. 
box connections are shown in Fig. 16.15. 



476 CHAPTER 16 

resonant circuit is connected in series with a 
crystal detector and a 0-1 milliammeter. The 
tank coil, LI, serves as the pick-up coil, and the 
crystal is tapped down on the inductance in 
order to improve the sensitivity and selectivity 
of the meter. Plug-in coils are provided so that 
the unit covers a frequency range from about 
1 megacycle to 165 megacycles. Any type of 
fixed crystal detector may be used, but the 
v.h.f. types are recommended. The meter box 
shown at the right in Fig. 16-5 is the same unit 

SIAL METER 

Ja 

Fig. 16-6 — Circuit diagram of the absorption-type fre-
quency meter. 
— 140-add. variable (Millen 22140). 
— 0.0015-afd. midget mica. 

Li — 1.22-4.0 Mc.: 70 turns No. 32 enameled wire, 1. 
inch diam., inch long. Tap 12%¡ turns from 
grounded end. 

— 4.0-13.5 Mc.: 20 turns No. 20 enameled wire, 1-
inch diam., 9ís inch long. Tap 4% turns from 
grounded end. 

— 13.2-44.0 Mc.: 5 turns No. 20 enameled wire. 
1-inch diam., 3s inch long. Tap 1% turns from 
grounded end. 

— 39.8-165 Mc.: Hairpin loop of No. 14 wire, M-inch 
spacing, 2 inches long (total length including 
ends which fit down into the coil-form prongs). 
Tap 1% inches from grounded end. 

All four coils wound on Millen 45004 coil forms. 
ji — 4-prong tube socket. 
J2 — Closed-circuit jack. 
Pi — 4-prong male plug. 
XTAL — Type 1N34. 

that is used with the volt-ohm-milliammeter 
described later in this chapter. 
The frequency meter is housed in a 2 X 4 X 4-

inch metal box, the milliammeter being 
mounted in a separate " box of the same size. 
The coil socket is on the top near the front 
edge, with the tuning condenser just below it 
inside the case. This arrangement keeps the 
tuned-circuit leads short. A handle is mounted 
on the side of the box for convenience in 
handling. A headphone jack is provided for 
monitoring 'phone transmissions. The unit 
may be calibrated as described in the preced-
ing section. 
A two- or three-foot antenna rod may be 

added to the unit to permit using the instru-
ment for field-strength measurements. The 
antenna should be connected to the top end 
of the tank coil, LI. The rod antenna is not 
required for ordinary frequency measurement, 
and its use may be undesirable when the fre-
quencies of individual simultaneously-operat-
ing circuits are to be checked — as in the case 
of a multistage transmitter with frequency 
multipliers — because the antenna increases 
the sensitivity to such an extent that it may 
be difficult to identify the output of a particu-
lar circuit. It may be convenient to intercon-

nect the two units by means ot a length of 
lamp cord or coaxial cable of any reasonable 
length (up to several hundred feet) when the 
meter is being used as a field-strength meas-
uring device. 

In addition to the uses mentioned in the 
preceding section, a meter of this type may be 
used for final adjustment of neutralization in 
r.f. amplifiers when loosely coupled to the 
plate tank coil. 

• LECHER WIRES 
At very-high and ultrahigh frequencies it 

is possible to determine frequency by actually 
measuring the length of the waves generated. 
The measurement is made by observing 
standing waves on a two-wire parallel trans-
mission line or Lecher wires. Such a line shows 
pronounced resonance effects, and it is pos-
sible to determine quite accurately the current 
loops (points of maximum current). The phys-
ical distance between two consecutive current 
loops is equal to one-half wavelength. 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 except where it is'supported at the ends. 
It may be made of copper tubing or of wires 
stretched tightly. The spacing between wires 
should be about one to one-and-one-half inches. 
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. The 
system can be used more conveniently and 
with greater accuracy if it is built up in per-

Fig. 16-7 A rear view of the absorption-type fre-
quency meter. The crystal is wired between the con-
nector plug at the left and the coil socket at the top. 
The meter by-pass condenser is mounted between the 
plug and the grounded side of the 'phone jack. The 
variable-condenser terminals are connected directly to 
the coil socket. 
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manent fashion and provided with 
a shorting bar maintained at right 
angles to the wires (Fig. 16-8). The 
support may consist of two pieces 
of " 1-by-2" pine fastened together 
with wood screws to form a " T "-
girder, this arrangement being used 
to minimize bending of the wood 
when the wires are tightened. 
A slider holds the shorting bar 

and acts as a guide to keep the wire 
spacing constant. A piece of wood 
hold in the hand can be used; it 
is an easy matter to regulate the 
pressure so that free movement is 
secured. A spring device may be 
arranged for the same purpose. 

For convenience in measuring 
lengths directly in the metric sys-
tem used for wavelength, the sup-
porting beam may be marked off 
in decimeter ( 10-centimeter) units. A 10-
centimeter transparent scale (obtainable at 5 
& 10 cent stores) may be cemented to the 
slider, extending out from the front, so that 
readings can be taken to the nearest milli-
meter. The difference between any two readings 
gives the half-wavelength directly. 

Making Measurements 

Resonance indications can be obtained in 
several different ways. Let us suppose the fre-
quency of a transmitter is to be measured. 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 
transmitter tank coil, to a low-current flash-
light bulb, then coupling the loop to the tank 
coil to give a moderately bright glow. A similar 
coupling loop should be connected to the ends 
of the Lecher wires and brought near the tank 
coil, as shown in Fig. 16-9. Then the shorting 
bar should be slid along the wires outward 
from the transmitter until the lamp gives a 
sharp dip in brightness. This point should be 
marked and the shorting bar moved out until 
a second dip is obtained. Marking the second 
spot, the distance between the two points can 
be measured and will be equal to half the 
wavelength. If the measurement is made in 
inches, the frequency will be 

5905  
FM,,. — 

length (inches) 
If the length is measured in meters, 

150 
— 

length (meters) 
In checking a superregenerative receiver, 

the Lecher wires may be similarly coupled to 
the receiver coil. In this case the resonance 
indication may be obtained by setting the 
receiver just to the point where the hiss is ob-
tained, then as the bar is slid along the wires 
a spot will be found where the receiver goes out 
of oscillation. The distance between two such 
spots is equal to a half-wavelength. 

Fig. 16-8 — One end of a typical Lecher-wire system. The feet at 
each end keep the assembly from tipping over when in use. The wires 
terminate in airplane-type strain insulators at one end, and at the other 
in small turnbuckles for maintaining tension. The wire is No. 16 bare 
solid-copper antenna wire (hard-drawn). The turnbuckles are held in 
place by a % X 2-inch bolt through the anchor block. This end of 
the line is thus short-circuited; it does not matter whether it is open 
or shorted, since the other end is the one connected to the pick-up loop. 

In either case, the most accurate readings 
result only when the loosest possible coupling 
is used between the line and the tank coil. 
After taking a preliminary reading to find the 
regions along the line in which resonance oc-
curs, loosen the coupling until the indications 
are just discernible and repeat the measure-
ment. Unless this is done the tuning of the line 
will affect the frequency of the oscillator and 
inaccurate indications will be obtained. As the 
coupling is loosened the resonance points will 
become sharper, which is a further aid to ac-
curate determination of the wavelength. 
The shorting bar must be kept at right angles 

to the two 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. 

-n Bulb 

— x 

Fig. 16-9 — Coupling a Lecher-wire system to a trans-
mitter tank coil. Typical standing-wave distribution is 
shown by the dashed line. The distance, X, between the 
positions of the shorting bar at the current loops equals 
one-half wavelength. 

The accuracy with which frequency can be 
measured by such a system depends principally 
upon the technique of measurement. The 
necessity for using very loose coupling to the 
transmitter or receiver has already been men-
tioned. In addition, careful measurement of the 
exact distance between two current loops also 
is essential. Even if all other sources of error 
are eliminated, measurements within 0.1 per 
cent require an accuracy within 1 part in 1000, 
or 1 millimeter in one meter, in measuring the 
distance along the wires. This means that an 
accurate standard of length is necessary — a 
good steel tape, for instance — and that care 
must be used in determining the length exactly. 
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Signal Monitoring 

Every amateur station should make pro-
vision for checking the quality of the trans-
mitter output. This requires that some means 
be available in the station for reproducing the 
conditions existing at a distant receiving sta-
tion; that is, for reducing the strength of the 
signal from the transmitter to such a point 
that 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 transmitter frequency. If distant signals 
are stable and have " pure-d.c." tone in normal 
reception, then the local transmitter should 
too, when the receiver gain is reduced to the 
point where the receiver does not overload. 
If the signal is too strong with the r.f. gain 
"off," shorting the receiver antenna input ter-
minals may reduce it to suitable proportions, 
or the mixer circuit in the receiver may be 
temporarily detuned to arrive at the same re-
sult. 
An alternative method is to set the receiver 

on the next lower-frequency band than the one 
in use, then tune the receiver so that the second 
harmonic of its oscillator beats with the trans-
mitter signal to produce the intermediate fre-
quency. Higher-order harmonics also may be 
used for this 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 
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. 
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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. 

• C.W. SIGNAL MONITOR 
One trouble with checking a c.w. signal on 

the station receiver is that receivers frequently 
have hum and instability, particularly on the 
higher frequencies, that cause the signal to 
sound worse than it really is. The best way to 
get a true picture of the signal is to monitor it 
with a battery-operated oscillator. With 
battery plate and filament supplies, the moni-
tor cannot introduce hum. If the oscillator is 
mechanically and electrically stable and is 
well shielded, a true replica of the signal can 
be obtained. 
The construction of a shielded, battery-

operated monitor is described in Chapter 
Eight. Instructions for its use also will be 
found in that chapter. 

• MODULATION MONITOR 
Fig. 16-10 is the circuit of 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 Si in the " r.f." position the average 
value of the rectified current is measured by 
the 0-1 milliammeter, MA. With the switch 
in the " a.f." position, the audio modulation 
on the signal is transferred through T1 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-
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Fig. 16-10 — Circuit of direct. 
reading modulation meter. 
CI, C4 - 1000-upfd. ceramic. 
C2— 100-add. variable midget. 
Ca — 12-add. mica. 
Ca— 470-aafd. mica. 
RI — 1100 ohms, 5%, 1 watt. 

iN34 R2— 16,000 ohms, 5 %, 1 watt. 
.11 — Closed-circuit jack. 
MA — 0-1 ma., 100 ohms. 
RFC —20 µh. 
SEA-B, S2 — D.p.d.t. toggle. 
1'1— Push-pull interstage 

transformer, 1:1 ratic 
(Staucor A-4711). 
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rent of 1 milliampere. Switch Si provides for 
reversing the " polarity" of the modulation, 
giving a qualitative indication of the up and 
down peaks. A headphone jack, Ji, 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 unmodulated 
carrier (which must be substantially hum-free); 
with a full-scale reading when Si is in the 
"r.f." position, the meter should read zero 
when Si is switched to " a.f." The values of 
RI and R2 are critical and should be within 5 
per cent of the recommended 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 Si in the " r.f." position) and 
thus detect nonlinearity in the modulated 
amplifier. 

Measurement of Current, Voltage and Power 

The amateur regulations require that when 
the power input to the final stage is above 
900 watts, means must be provided for measur-
ing the power input. This may be done by 
measuring the d.c. voltage applied to the final-
stage plates and the d.c. current flowing to 
them. The instruments required are a milli-
ammeter and voltmeter. 

Although in lower-power transmitters power-
input measurements are not required, it is 
nevertheless true that a milliammeter is, an 
almost indispensable instrument in the amateur 
station. It is invaluable in the adjustment of 
transmitting amplifier stages; tuning a trans-
mitter without measuring grid and plate cur-
rents is like working in the dark. A d.c. volt-
meter, although not essential, is useful in 
conjunction with the milliammeter in deter-
mining whether tube ratings are being exceeded 
or not and thus is helpful in prolonging tube 
life. 

Besides d.c. measurements, it is also well to 
measure the filament voltages applied to trans-
mitting tubes. Tube performance is dependent 
upon proper cathode emission, which in turn 
depends upon the voltage applied to the fila-
ment or heater. Also, the life of some trans-
mitting tubes, particularly the thoriated-tung-
sten filament types, is critically dependent 
upon maintaining the filament voltage within 
rather close limits. Since most transmitting-
tube filaments are operated on a.c., an a.c. 
voltmeter is a worth-while addition to amateur 
transmitting equipment. 
Adjustment of a transmitter for maximum 

power output to the antenna or transmission 
line is facilitated by the use of instruments 
which measure radio-frequency current. Such 
instruments, although not actually essential, 
round out the measuring equipment used in 
transmitter adjustment. 

D. C. Instruments 

D.c. ammeters and voltmeters are basically 
identical instruments, the difference being in 
the method of connection. An ammeter is con-
nected in series with the circuit and measures 
the current flow. A voltmeter is a milliam-
meter that measures the current through a 
high resistance connected across the source to 
be measured; its calibration is in terms of the 
voltage drop in the resistance or multiplier. 

If a single instrument must be used for 
measuring widely-different values of current 
or voltage, it is advisable to purchase one 
which will read, at about 75 per cent of full 
scale, the smallest value of current or voltage 

Fig. 16-11 — 
How voltmeter 
multipliers and 
milliammeter 
shunts are con-
nected to ex-
tend the range 
of a d.c. meter. 

Muunsura 

SHUNT 

to be measured. Small currents cannot be read 
with any degree of precision on a high-scale 
instrument; on the other hand, the range of a 
low-scale instrument can be extended as de-
sired to take care of larger values. The ranges 
of both voltmeters and ammeters can be ex-
tended by the use of external resistors, con-
nected in series with the instrument in the 
case of a voltmeter or in shunt in the case of an 
ammeter. Fig. 16-11 shows at the left the man-
ner in which a shunt is connected to extend the 
range of an ammeter and at the right the con-
nection of a voltmeter multiplier. 
To calculate the value of a shunt or multi-

plier it is necessary to know the resistance of 
the meter. If it is desired to extend the range of 
a voltmeter, the value of resistance which must 
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be added in series is given by the formula: 

R = R. (n — 1) 

where R is the multiplier resistance, R. the 
resistance of the voltmeter, and n the scale 
multiplication factor. For example, if the range 
of a 10-volt meter is to be extended to 1000 
volts, n is equal to 1000/10 or 100.. 

If a milliammeter is to be used as a volt-
meter, the value of series resistance can be 
found by Ohm's Law: 

1000E 
R — 

where E is the desired full-scale voltage and I 
the full-scale reading of the instrument in 
milliamperes. 
To increase the current range of a milliam-

meter, the resistance of the shunt is 

. R — R 
n — 1 

where the symbols have the same meanings as 
above. 
Homemade milliammeter shunts can be con-

structed from any of the various special kinds 
of resistance wire, or from ordinary copper 
magnet wire if no resistance wire is available. 
The Copper Wire Table in Chapter Twenty-
Four gives the resistance per 1000 feet for vari-
ous 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 resistance. Accuracy 
can be checked by causing enough current to 
flow through the meter to make it read full 
scale without the shunt; connecting the shunt 
should then give the correct reading on the 
new full-scale range. 

Precision wire-wound resistors used as volt-
meter multipliers cannot readily be made by 
the amateur because of the much higher re-
sistance required (as high as several megohms). 
As an economical substitute, standard fixed 
resistors may be used. Such resistors are sup-

Fig. 16-12 — An inexpensive multirange 
volt-ohm-milliammeter. The 2 X 4 X 4-inch 
cabinet at the left houses the multipliers, 
shunts, switch and zero-adjustment resistor. 
The meter is mounted in the metal cabinet 
shown at the right. The units are provided 
with plugs and jacks so that the meter can be 
used independently or as the indicator com-
ponent for other instruments. Connections 
to the volt-ohm-milliammeter, or to the meter 
alone, are made to the terminals mounted at 
the top of both boxes. Handles are mounted 
on the cabinets to facilitate handling. 

plied in tolerances 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 resist-
ance, good accuracy can be obtained at small 
cost. High-voltage multipliers are preferably 
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. 
When d.c. voltage and current are known, 

the power in a d.c. circuit can be stated by sim-
ple application of Ohm's Law: P = El. Thus 
the voltmeter and ammeter are also the in-
struments used in measuring d.c. power. 

Multirange Voltmeters and Ohmmeters 

A combination voltmeter-milliammeter hav-
ing various ranges is extremely useful for ex-
perimental purposes and for trouble shooting 
in receivers and transmitters. As a voltmèter 

Fig. 16-13 — Diagram of the volt-ohm-milliammeter. 

Ri — 2000-ohm wire-wound variable. 
R2 — 3000 ohms, )/2 watt. 
Rs — 10-ma. shunt, 6.11 ohms (see text). 
R4 — 100-ma. shunt, 0.555 ohm (see text). 
114 — 1000-ma. shunt, 0.055 ohm (see text). 
Re — 1000-volt multiplier, 0.9 megohm, 1/6 watt. 
R7 — 100-volt multiplier' 90,000 ohms, % watt. 
Rs — 10-volt multiplier, 10,000 ohms, 1/2. watt. 
B — 4.5-volt dry battery (Burgess 5360). 
Pi — 4-prong male plug (for milliammeter). 
SIA—B — 9.point 2-pole selector switch (Manor,' 

3229J). 
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Fig. 16-14— A rear view of the volt-ohm-milliammeter 
The range-selector switch is mounted above the zero 
adjustment potentiometer, and the shunts and multi-
pliers are connected across the s% itch terminals. A 
four-prong male plug, for connect  to the meter box, 
is shown at the left of the cabinet. The ohmmeter 
battery fits inside the ease; the battery terminals should 
be insulated with tape or paper before the battery is 
installed in the box. 

such an instrument should have high resistance 
so that very little current will be drawn in mak-
ing voltage measurements. A volt meter taking 
considerable current will give inaccurate read-
ings when connected across a high-resistance 
source — as is often the case in various parts of 
a receiver circuit. For such purposes the instru-
ment should have a resistance of at least 1000 
ohms per volt; a 0-1 milliammeter or 0-500 
microammeter (0-0.5 ma.) is the basis of most 
multirange meters of this type. Microam-
meters having a range of 0-50 pa., giving a 
sensitivity of 20,000 ohms per volt, also are 
used. 
The various current ranges on a multi-

range instrument can be obtained by using a 
number of shunts individually switched in 
parallel with the meter. Care should be used 
to minimize contact resistance in the switch. 

Fig. 16-15 — Wir-
ing diagram of the 
0-1 milliammeter 
shown in Figs. 
16-5 and 16-12. 
hiss 4-prong tube 
socket. 

It is often necessary to check the value of a 
resistor or to find the value of an unknown 
resistance, particularly in receiver servicing. 
An ohmmeter is used for this purpose. The 
ohmmeter is simply a low-current d.c. volt-
meter provided with a source of voltage (usu-
ally dry cells), the meter and battery being 

connected in series with the unknown resist-
ance. If a full-scale deflection is obtained with 
the connections to the external resistance 
shorted, insertion of the resistance under 
measurement will cause the meter reading to 
decrease. The meter scale can be calibrated in 
ohms. When the resistance of the voltmeter 
is known, the following formula can be ap-
plied: 

R =  — R,,, 
E 

where R is the resistance under measurement, 
E is the voltage read on the meter, 
e is the series voltage applied, and 
R., is the resistance of the voltmeter. 

Since the resistance of a voltmeter is usually 
rather high, this method is not well adapted to 
measuring low values of resistance. For very 
low resistances, the unknown may be connected 
in shunt with the instrument (not including 
the multiplier) instead of in eries. 
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Fig. 16-16— Calibration curve for the high- and low-
resistance ranges of the volt-ohm-milliammeter. 

• AN INEXPENSIVE V.O.M. 
A combination multirange volt-ohm-mil-

liammeter, reduced to simple and inexpensive 
terms, is shown in Figs 16-12 to 16-15. Using 
a 0-1 milliammeter, the voltmeter has three 
ranges at 1000 ohms per volt: 0-10, 100 and 
1000 volts. Current ranges of 0-4 .10, 100 and 
1000 ma. are provided. There are two resis-
• 
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lance-measurement ranges, a series range t hat 
is useful up to about 0.5 megohm, and a shunt 
range of 0-1000 ohms. 

For economy, ordinary carbon resistors are 
used as voltmeter multipliers. These can be 
obtained with an accuracy within 5 per cent. 
However, standard resistors of 10-per-cent 
tolerance can be used without introducing 
undue error. The 1000-volt multiplier, Rg, is 
I wo 1.8-megohm resistors in parallel, and the 
100-volt multiplier, R 7, is two 0.18-megohni 
resistors in parallel. 
The 10-, 100- a to I 1000-ma, shunts are made 

of ordinary copper magnet wire wound on 
3/2-watt resistors of high resistance value — 
10,000 ohms or higher. The approximate 
lengths and sizes of the wire for the shunts 
are as follows: 113, 9 inches No. 38 enameled; 
R4, 5 inches No. 30 enameled; Rfi, 3 inches 
No. 18. 
A calibration curve for the ohmmeter ranges 

is given in Fig. 16-16. With instruments hav-
ing different internal resistance than the one 
shown in the photograph (Triplett Model 
0321-1) the " low-ohms" curve will not apply 
exactly. 

Test Oscillators and Grid-Dip Meters 

A useful and inexpensive general-purpose 
instrument is an oscillator covering a wide 
frequency range. When it generates frequencies 
in the audio range it can be used as a signal 
source for checking the performance of audio 
amplifiers. As a radio-frequency oscillator it 
may be made to generate signals that can be 
used for receiver alignment, for calibrating 
absorption wavemeters as described earlier in 
this chapter, and for furnishing small r.f. 
voltages for whatever purpose may be re-
quired. When equipped with a low-range mil-
liammeter connected to read the oscillator grid 
current, it becomes a grid-dip meter and may 
be used for checking the resonant frequencies 
of tuned circuits, and as a means for measuring 
inductance and capacitance as described in a 
later section. 
The grid-dip meter is so called because when 

its oscillator is coupled to a tuned circuit, the 
oscillator grid current will show a decrease or 
"dip" when the oscillator is tuned through 
resonance with the unknown circuit. The 
reason for this is that the external circuit will 
absorb energy from the oscillator when both 
it and the oscillator are tuned to the same fre-

quency, and the loss of energy from the oscil-
lator circuit causes the feed-back to decrease. 
The decrease in feed-back is accompanied by a 
decrease in grid current. The dip in grid current 
is quite sharp when the circuit to which the 
oscillator is coupled has reasonably high Q. 

• GENERAL-PURPOSE OSCILLATOR 
AND GRID-DIP METER 

A general-purpose test oscillator is shown in 
Figs. 16-17 and 16-19. This simple unit can be 
used as an audio oscillator, an r.f. signal 
generator, a grid-dip meter, a field-strength in-
dicator, or as an absorption wavemeter, and 
has a frequency range of 200 cycles to 56 Mc. 
As shown by the circuit diagram, Fig. 16-18, 

a Type 6SN7GT tube is used in a cathode-
coupled oscillator circuit. The only critical 
values are those of the cathode resistor, R2, and 
the coupling condenser, C4. Use of a cathode 
resistor of less than 1000 ohms will result in a 
poor waveform at audio frequencies, and the 
oscillator output will be greatly reduced if the 
cathode resistor is larger than 3000 ohms. The 
audio attenuator, R4, loads the circuit to some 

Fig. 16-17 — .Ile general-purpose 
test oscillator. The variable conden-
ser, sensitivity control and audio-
output potentiometer are mounted 
on the front panel of a 2 X 4 X .1-
inch metal box. A handle at the left 
of the box, and a meter jack at the 
right, are provided so that the os-
cillator may be used with the meter 
unit shmsn in Fig. 16-12. Sockets for 
the oscillator tube and the plug-in 
coils are mounted on the Lop of the 
box. The coil shield is necessary only 
',hen the oscillator is being used as a 
-igual generator. The r.f. coils are 
shown mounted in a wooden rack 
su hick has been drilled to fit the 
prongs of the coil forms. 
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extent, and will prevent oscillation if 
the coupling condenser, C4, is made 
much smaller than 0.1 dd. The os-
cillator requires a filament supply of 
6.3 volts at 0.6 amp., and the plate 
supply should deliver 150 to 250 volts 
at 14 ma. (the plate-current drain will 
be less than 10 ma, at the audio and 
the low radio frequencies). 
The frequency of the oscillator is 

controlled by the values of inductance 
and capacitance connected across 
points C and I) in Fig. 16-18. The 
coil chart lists values of capacitance 
and inductance that can be used for 
either audio- or radio-frequency out-
put. At audio frequencies, the L(' 
combination is connected across ter-
minals C and I), and at radio frequen-
cies the coils plug into the socket pro-
vided for this purpose. The variable 
condenser, C1, is used as the frequency 
adjustment over the r.f. range of the 
oscillator, and can be used as a vernier 
adjustment at audio frequencies. 
A potentiometer, R3, serves as the 

sensitivity control when the oscillator 
is used as a grid-dip meter, an absorp-
tion wavemeter, or as a field-strength indica-
tor. This control also acts as an output at-
tenuator when the oscillator is used as a signal 
generator. It should be noticed that the audio-
output attenuator, R4, in series with the out-
put coupling condenser, C5, is connected to the 
resonant circuit by means of a jumper con-
nected between . terminals A and C. This 
juniper must be removed when the oscillator is 
used at radio frequencies; otherwise the circuit 
will not oscillate. 

ro  
B o•r MA 

16-18 — Simple general-purpose test oscillator. 

C1 — 100- add. midget variable ( Millen 20100). 
C2, C3 — 0.01-dd. 400-volt paper. 
Ca, C3 — 400-volt paper. 
Cs — 100-jidd. midget mica. 
Ri — 68,000 ohms, 1 watt. 
R2 — 1500 ohms, 1 watt. 
Ra — 0.2-megohm carbon potentiometer. 
114 — 50,000-ohm carbon potentiometer. 
14, t, 1.3— See text and coil table. 
ii. 12 — 4-prong plug (Amphenol &,.0 l'1). 
XTAL — Type 1N34, 

big. 16-19 — A rear view of the general-purpose test oscillator. 
The low impedance link for the pick-up loop feeds through a 
rubber grommet mounted in the rear cover. Input and output jacks 
are also located on the backplate. The arrangement of components 
inside the box is not critical. The 1 \ 34 crystal and the meter by-
pass conierver, Cs, are mounted inside the box. 

The rectifier system consists of coil L2, the 
1N34 crystal, a pick-up loop, and a meter by-
pass condenser. R.f. current generated by the 
oscillator circuit is coupled to the crystal 
rectifier by means of L2. The current is rectified 
by the crystal and flows through the pick-up 
loop to an external meter (any 0-1 milliam-
meter will do). The pick-up loop, if placed in 
series with the crystal as shown, will not over-
load the oscillator circuit. 

For output in the audio-frequency range, 
the desired LC combination is connected across 
the circuit and output connections are made to 
terminals B and D (the jumper is connected 
between A and C). If a test signal of radio 
frequency is desired, the jumper connection 
is removed and a coil is plugged in the coil 
socket. Terminal C will then serve as a short 
antenna from which the signal is radiated. 
The strength of the signal being radiated .can 
be increased by adding a short length of wire 
to the output terminal. It is advisable to shield 
the r.f. coil for this type of operation so that 
hand-capacitance effects will be minimized. 
To use the oscillai or as a grid-dip meter, 

connect a 0-1 milliammeier t o the meter jack, 
.1 2. With the proper r.f. coil in place, and with 
power turned on, adjust the sensitivity con-
trol for maximum meter deflection (full 
deflection will be approximately 0.5 nia, on 
the highest frequency range). The pick-up 
loop can then be coupled to the circuit under 
measurement and, if the oscillator frequency 
is varied by means of the tuning condenser, 
C1, there will be a pronounced dip in grid cur-
rent as the resonant frequency of the external 
circuit is passed. 



484 CHAPTER 16 

COIL CHART FOR THE TEST OSCILLATOR 

Audio Frequencies Radio Frequencies 

Capacitance Length of 
Frequency 
(Cyr.le8) 

Inductance (ha.) 
(L) 

(dd.) 
(C) 

Freq. 
(Mc.) 

Coa 
No. 
Turns 

Wire Size Winding 
(Inches) 

200 1.2 0.02 0.955-1.75 Li 120 No. 30 emu'. 1,,6 

400 0.06 L2 12 18 

600 " 0.15 1.72-3.1 Li 50 30% 

1000 " 0.5 L2 6 18 

1300 0. 12à ( Igeissner) 0.1 3 . 0-5 . 4 Li 23 "30" 5i, 

No. 19-6848. L2 2 18 

1800 " 0.05 5.3-9.8 Li 15 22ii 

2000 " 0.04 L2 6 15 

2300 " 0.03 9.7-17.8 Lt 9 22% 

2800 0.02 L2 2 18 

3300 " 0.015 17.6-31.5 Li 4 22ii 

4000 
5200 

" 
- 

0.01 
0.0068 31.0-56.0 

L2 
Li 

2 
3 

18 
" 12 - 

" 
A 

6250 " 0.005 L2 1 " 18 

10,000 " 0.002 

Li and L2 for 0.33 to 0.6 Mc. are the primary and secondary windings of a 456-kc. if. transformer, closely coupled, 
and mounted inside the coil form. Li for 31.0 to 56.0 Mc. has a diameter of fi'e inch and is mounted inside the form. 
For all other frequencies Li is wound on the outside of the coil form. All L2 windings are close-wound, have a di-
ameter of h inch, and are mounted inside the forms. Millen Type 45004 forms are used throughout. L3, the pick-up 
coil, is one turn of No. 12 enameled wire, 1.3¡ inches in diameter, connected to a length of 75-ohm t Twin-Lead. 

The 0-1 milliammeter is also require' d when 
the unit is used as an absorption wavemeter 
or as a field-strength indicator. However, the 
power supply is not required for these types of 
operation. It is only necessary that the proper 
r.f. coil be selected and that the coil (or the 
pick-up loop) be placed in the field of the fre-
quency-generating device that is being meas-
ured. The sensitivity, during field-strength 
measurements, can be increased by attaching 
a short antenna to terminal C. 

Because of the large frequency range covered 
by this instrument, it is not practical to employ 
a dial calibrated directly in terms of frequency. 
Therefore, an ordinary 0-100 degree dial is used 
and the actual frequency calibrations are 
marked on a separate chart. The r.f. ranges 
can be calibrated by using a calibrated re-

ceiver for listening to the oscillator out put sig-
nal. An alternative method is to use the unit as 
a grid-dip meter coupled to a calibrated ab-
sorption wavemeter. The audio-frequency 
range can be calibrated by feeding the oscil-
lator output to the vertical amplifier of an 
oscilloscope while the horizontal amplifier of 
the 'scope is being excited by the output of a 
calibrated audio oscillator. A circular pattern 
will be registered on the screen of the 'scope 
when the outputs of the two audio oscillators 
are adjusted to the same frequency. An al-
ternative method of a.f. calibration is to con-
nect a headset to the oscillator output ter-
minals and compare the tone to the notes of a 
piano, determining which piano note is nearest. 
The approximate frequency then can be found 
from the table in Chapter Twenty-Four. 

Measuring Inductance and Capacitance 

The ability to measure the inductance of 
coils, the capacitance of condensers, or the 
resonant frequency of a tuned circuit fre-
quently saves time that might otherwise be. 
spent in cut-and-t ry. A convenient instrument 
for this purpose is t he grid-dip oscillator, 
described earlier in this chapter. 

For measuring inductance, the coil to be 
measured is connected to a condenser of known 
capacitance as shown at A in Fig. 16-20. A 
mica condenser may be used as a standard; a 
100-pmfd. 5-per-cent tolerance unit will serve 
for most purposes. With the unknown coil 
connected to the standard condenser, the pick-
up loop is coupled to t he coil and the oscillator 
frequency adjusted for the grid-current dip, 
using the loosest coupling that gives a de-

tectable indication. The inductance is then 
given by the formula 

— 25,300 

ugh'. fMe 2 L. _  

A calibrated variable condenser is required 
for measuring capacitance. The circuit used is 
shown at B in Fig. 16-20. The frequency of the 
circuit, using any convenient coil, is first 
measured with the unknown capacitance dis-
connected and the calibrated condenser set 
near maximum. The unknown is then con-
nected and the calibrated condenser readjusted 
to resonance. The unknown capacitance is then 
equal to the difference between the capaci-
tances at the two settings of the calibrated con-
denser. Obviously only capacitances smaller 
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than the maximum capacitance of the cali-
brated condenser can be measured by this 
method. Since high accuracy in capacitance 
measurement is not ordinarily required, a sat-
isfactory standard is any condenser of the 
straight-line capacitance type, for which a 
sufficiently good calibration curve can be con-
structed by noting the dial divisions at which 
the plates just start to mesh and are com-
pletely meshed, and assuming that the capaci-
tance change is linear within those limits. The 
minimum and maximum capacitance (corre-
sponding closely enough to these condenser 
settings) can be obtained front the manufac-
turer's data on the particular condenser used. 

(A) 

(6) 
Grid- Dip 
Meter 

Unknown 
Inductance 

Any Convenient 
Value of Inductance 

Standard 
Condenser 

Unknown 
Capacitance 

,Calibrated 
Condenser 

Fig. 16-20 -- Set-ups for measuring inductance and ca-
pacitance with the grid-dip meter. 

The Oscilloscope 

The cathode-ray oscilloscope is ait instru-
ment of great versatility, and in conjunction 
with the instruments herein described, should 
be a valuable addition to the practical amateur 
station. The oscilloscope is useful on d.c., 
and audio and radio frequencies, and is particu-
larly suited to a.f. and r.f. measurements be-
cause, compared to other types of measuring 
equipment, it introduces relatively little error 
at such frequencies. 

• CATHODE-RAY TUBES 
The heart of the oscilloscope is the cathode-

ray tube, a vacuum tube in which the electrons 
emitted front a hot cathode are first accelerated 
to give them considerable velocity, then formed 
into a beam, and finally allowed to strike a 
special translucent screen which fluoresces, or 
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 be 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. 
16-21, the gun consists of the cathode, grid, 
and anodes Nos. 1 and 2. The intensity of the 
electron beam is regulated by the grid in the 
same way a..s in an ordinary tube. Anode No. 1 
is operated at a positive potential with respect 
to the cathode, thus accelerating the electron, 
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 to a point at the fluorescent screen. The 
potential on anode No. 2 is usually fixed, while 
that on anode No. 1 is varied to bring the beam 
into focus. Anode No. 1 is, therefore, called the 
focusing electrode. 

Sharpest 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. However, 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. 

Fig. 16-21 — Typical construction for a modern cathode-ray tube of the electrostatic-deflection type. The 
envelope is made of glass, with the fluorescent screen at one end. Leads for the high-voltage anode, the deflection 
plates, and other electrodes are insulated low-capacitance conductors carried inside the envelope to the base. 
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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 electrostatic 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. 
16-21. 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 of 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. 16-22 shows how such 

Y 

o 

TIME —3. 

VERTICAL 

E 

H 

LU Fig. 16-22 — A.c.-
voltage waveshape 
as viewed on an 
oscilloscope screen. 
showing the forma-
tion of the pattern 
from the horizontal 
(sawtooth) and ver-
tical sweep voltages. 

HO R I ZONTAL 

Y. 

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 II 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 B' on the screen. 
The resulting 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. 16-22, is called a linear 
sweep, because the deflection in the horizontal 
direction is directly proportional to time. If 
the sweep were perfect the fly-back time, or 
time taken for the spot to return from the end 
(H) to the beginning (/ or A) of the horizontal 
trace, would be zero, so that the line HI 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. 16-22, 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-
age will appear in the pattern. The shape of 
only the last cycle (or the last few cycles, de-
pending upon the number in the pattern and 
the characteristics of the sweep) 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 depend upon the shape of the 
horizontal sweep voltage. If the horizontal 
sweep is sinusoidal, the main and return sweeps 
each occupy the same time and the spot moves 
faster horizont ally in the center of the pattern 
than it does at the ends. When two 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 the amplit udes and phase relationships of 
the two voltages. 

For many amateur purposes a satisfactory 
horizontal sweep is simply a 60-cycle voltage 
of adjustable amplitude. In modulation moni-
toring (described in Chapter Nine) audio-
frequency voltage can be taken from the modu-
lator to supply the horizontal sweep. For 
examination of audio-frequency waveforms, 
the linear sweep is essential. Its frequency 
should be adjustable over the entire range of 
audio frequencies to be inspected on the oscil-
loscope. 
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Fig. 16-23 — Front view of a rack-mounting 
oscilloscope for modulation monitoring. All 
components are mounted on the rear of a 19 
X 5Y2-inch rack panel. The pouer-supply 
components are built into a utility box bolted 
on the left side of the panel, and the 'scope 
circuits are mounted on the right-hand side, 
enclosed by a shield box. The a.c. switch is on 
the left. All other controls are on the right, as 
follows: top rou, I. to r., sueep suitch, in-
tensity control, focus control: bottom row, 
sueep--amplitude control, horizontal center-
ing. vertieal centering. 

• A SIMPLE OSCILLOSCOPE FOR 
MODULATION MONITORING 

Figs. 16-23 through 16-25 show the circuit 
and constructional details of a simple 2-inch 
oscilloscope that is suitable for use as a modu-
lation monitor. It is designed to be mounted in 
the transmitter rack, becoming a permanent 
part of the 'phone station. Inexpensive parts 
are used throughout, and the circuits them-
selves are simple to build and operate. 
The 2AP1 cathode-ray tube is mounted with 

its screen protruding through a 2-inch hole 
in the 19 X 5%-inch aluminum rack panel. 
The cathode-ray tube is enclosed in a Millen 
shield, and its screen is covered by a Millen 
Type 80072 bezel. The power-supply compo-
nents are housed in a standard 3 X 4 X 5-inch 
utility box that is bolted to the left rear of the 

Vertical 
R9  

4 

R3 
Focus 

Rz 

keens/ 

EXT. 

115V A C. 

A 

+800V 

rack panel. An inexpensive replacement-type 
transformer is used with a 2X2 half-wave 
rectifier to deliver about 800 volts at the 
required 4 or 5 ma. drain. 
The voltage-divider circuit components and 

the sweep-circuit controls are mounted on the 
right-hand side of the panel, and are enclosed 
by a 6 X 41% X 2%-inch three-sided box 
folded from sheet aluminum. A small audio 
transformer, mounted on the rear of this box, 
serves to provide 60-cycle sweep voltage. The 
by-pass condensers, Cg, C3 and C.I, used to 
eliminate a.c. components from the d.c. con-
trol circuits, are connected directly to the 
rotor arms of their respective potentiometers, 
RI, R8 and Rg. 
The socket for the cathode-ray tube is not 

fastened to any of the structural members of 
the unit, but is used as a plug, with the socket 
terminals enclosed in a tubular aluminum 
shield made by cutting down a National Type 
T-78 tube shield. The base plate of this assem-
bly is used as the support for a two-terminal tie-

2881 Vertical Input 

53,1 A C. 
HonzontalAmpl tide RE 

ExT Horizontal Input 

Fig. 16-24 — Circuit diagram of the simple 
oscilloscope for modulation monitoring. 
— I afd., 1000 volts, oil-filled. 

C2, C3, C4 - 0.01-5fd. 600-volt paper. 
C5 — 0.1 afd., 1000 volts, paper. 
Cs — 0.001 ad., 600 volts, mica. 
RI — 20,000-ohm potentiometer, linear taper. 
112— 4700 ohms, 34 watt. 
113 — 50,000-ohm potentiometer, linear taper. 
114, R5 — 33,000 ohms, 1 watt. 
Rs, R7 — 47,000 ohms, 1 watt. 
Rs, RA - 50,000-ohm potentiometer, linear 

taper. 
Rio, Rn — 1 megohm, 3z matt. 
R12— 0.25-megohm potentiometer, linear 

taper. 
— S.p.s.t. toggle su itch. 

S2 — D.p.d.t. toggle sw itch. 
Ti — Replacement-type recei N er transformer, 

350 v. each side of c.t., 70 ma. (Stan-
cor P-6011.) 

— Interstage audio transformer. (UTC 
S-2, uith half of secondary unused, t:, 
produce approx. 1:1 turns ratio.) 

Ç4' 
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point. that holds isolating resistors Nil, and 
R71. These resistorq, are mount ell inside t he 
socket shield, as close to t be tube base as possi-
ble. A M-inch hole is drilled t hrough the side 
of the shield to pass the cabled and shielded 
d.c. leads that run from t he t ube socket into 
the divider network in 1 he aluminum shield 
box. A ceramic feed-through bushing requiring 
a %-inch clearance hole passes through the 
opposite side of the socket shield to serve as 
the vertical input terminal. C6 is connected 
between this bushing and the vertical deflec-
tion-plate pin on the tube socket. C6, the 
coupling condenser for the horizontal plates, 
is mounted inside the larger shield box, near 
the horizont al-amphi ude control, R12. 
The horizontal input terminals of the 'scope 

are mounted on the rear of the shield box, 
alongside of the audio transformer. The t rans-
former secondary is connected to produce a 
turns ratio of approximately 1-to- I, which is 
sufficient to produce more than enough sweep 
voltage. A double-pole toggle switch is used 
to open the primary circuit of the audio trans-
former and to connect. the external terminal to 
the amplitude control when the 'scope is used 
for transmitter monitoring. In this case sweep 
voltage is obtained from the audio system of 
the transmitter. R12 is connected on the tube 
side of the sweep switch, so that it remains in 
the circuit at all times to give control of voltage 
applied to the horizontal plates. 

Details for using this oscilloscope to monitor 
a 'phone transmitter and to check both linear-
ity and percentage modulation are contained 
in Chapter Nine. It should be remembered that 
an external resistor, RE in Fig. 16-24, must be 
used in series with the lead to the horizontal 
input terminals to reduce the audio voltage to 
the desired level. Instructions for selection of 
t his resistor are given in Chapter Nine. 

• LINEAR SWEEPS AND 
AMPLIFIERS 

Probably the chief use of the oscilloscope in 
amateur work is in measuring the percentage 

Fig. — Bear view or 
the ract.• ,, ,, . mting oscillo-
scope. Tin -IC.. 1.1 emeriti': the 
voltage-ni % itier components 
has been removed to show 
wiring. %I. ,,,,, ted on the shield 
are the audio transformer and 
tue horizontal input termi-
nals. The •ACenbe tube und it. 
socket have been removed. 

• 

modulat ion n ' phone transmitters and in serv-
ing as a el ntinuous monitor of modulation 
percentage. An oscilloscope for t his purpose 
may be quite simple and inexpensive, consist-
ing only of a small cat bode-ray tube and an 
appropriate power supply as described above. 
Ilowever, by providing amplifiers for the de-
flection plates and furnishing a linear sweep 
circuit, the possibilities of the instrument are 
greatly extended. It then becomes possible, for 
example, to examine audio-frequency wave-
forms and to check and locate the causes of 
distortion in a.f. amplifiers. 

Gas-Tube Sweep Generator 

Atypical circuit for a linear sweep generator 
and amplifier is shown in Fig. 16-26. The tube 
is a gas triode or grid-control rectifier. The 
striking or breakdown voltage, which is the 
plate voltage at which the tube ionizes or 
"fires" and starts conducting, is determined 
by the grid bias. When plate voltage, Eb in 
Fig. 16-27, is applied, the condenser between 
plate and cathode acquires a charge through 
R6R7. The charging voltage rises relatively 
slowly, as shown by the solid line, until the 
breakdown or flashing point, Vf, is reached. 
Then the condenser discharges rapidly through 
the comparatively low plate-cathode resistance 
of the tube. When the voltage drops to a value 
too low to maintain plate-current flow, E„, 
the ionization is extinguished and the con-
denser once more charges through R6117. If they 
are large enough, the voltage across the con-
denser rises linearly with time up to the break-
down point. This linear voltage change is used 
for the sweep. The fly-back time is the time re-
quired for discharge through the tube; to keep 
this time small, the resistance during discharge 
must be low. 
The “ sawtooth" rate is controlled by vary-

ing the capacitance between plate and cathode 
and the resistance of R6R7. To obtain a sta-
tionary pattern, the sweep is synchronized by 
int ion ucing some of the voltage being observed 
on the vertical plates into the grid circuit of the 
884 tube. This voltage " triggers" the tube int 
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Fig. 16-26 — Linear sweep generator and horizontal amplifier. 
Ci — 0.1-gfd. paper. 
C2 — 25-pfd. 25-volt electrolytic. 

—0.25-pfd. paper, 600 volts. 
C4 — 0.1-pfd. paper, 600 volts. 
C5 — 0.04-pfd. paper, 600 volts. 
Co — 0.015-pfd. paper, 600 volts. 
C7 — 0.005-51d. paper or mica, 600 volts. 
Cs — 0.0022-51d. mica. 
CO, Cli — 0.5-pfd. paper, 600 % ohs. 

— 8-51d. electric!) tie, 450 volts. 
— 0.25-megohm potentiometer. 

operation in synchronism ‘vit It the signal fre-
quency. Synchronization will occur so long as 
the signal frequency is nearly the same as, or a 
multiple of, the self-generated sweep frequency. 
The pentode amplifier in Fig. 16-26 can be 

used either to amplify the sweep-voltage out-
put of the 884 oscillator, or to amplify any 
external voltage that it may be desired to use 
as a horizontal sweep. The gain control, Ru, 

Time   

Fig. 16-27 — Condenser charging curves shoming how a 
sawtooth wave is produced by a gaseous-tube linear 
sweep oscillator. 

provides a means for adjusting the width of 
the pattern on the cathode-ray tube screen. 
The output of the amplifier should be con-
nected to the horizontal deflection plates of 
the tube. If this circuit is to In• used with the 
oscilloscope previously described, the output 
terminals may be ciinneeted directly to Ter-
minals 6 and 9 on t lie 211'1 socket. In such 
ease C5 iii Fig. 16-21 is {timid be disconnected, 
but all other vonneetions should be left 
unchanged. 

Vertical Amplifiers 

When using an oscilloscope for checking 
audio-frequency waveforms a " vertical" am-
plifier is a practical necessity. For most pur-

R2 — 22,000 ohms, 3/¡ watt. 
R3— 470 ohms, .j.-(2 watt. 
114 — 2200 ohms, watt. 
Rs — 22,000 ohms, I watt. 
115 — 0.33 megolun, 3watt. 
R7 — 1-megohin potentiometer. 
Rs, R9 — 62,000 ohms, 1 matt. 
Rio — 1 inegolim, 3-2 matt. 
Rn — 0.5-megohm pote  " •ter. 
Riz — 820 oli,ns. s; watt. 
Ills — 0.1 megoloo. I watt. 
Itie — Bleed re..i.tor for horizontal deflection plates. 

poses the amplilicr will be satisfactory if its 
frequency-response characteristic is flat over 
the a.f. range and if it has a gain of 100 or so. 
A typical circuit is shown in Fig. 16-28. It will 
be recognized as being practically similar to 
the " horizontal" amplifier of Fig. 16-26. A 
high-resistance gain control is desirable, to 
avoid loading the audio circuits to which the 
amplifier is connected. 
When such an amplifier is used with the 

oscilloscope of Fig. 16-24, the output terminals 
should be connect ed bet wren Terminals 3 and 8 
on the 2AI'l socket. It is advisable to connect 
Terminal 3 to t he arm of a 2-position cera bic 
switch, one et no act going to t he vertical ampli-
fier and the other to C6 in Fig. 16-24. This 
permits using either r.f. or a.f. input to the 
vertical deflection plates, disconnecting the a.f. 
amplifier circuit when r.f. is t o be applied. 

65.11 

InputI R - e 
Vert del/ 
plates 

- 300 4. 

Fig. 16-28 — Circuit diagram of vertical amplifier. 
CI, C3, C4 — 0.1-fil. paper, 400 volts. 
C2 — 25-gfd. 25-volt electrol) tie. 
RI - - 1-rnegohm potentiometer. 
R2 - - 1500 ohms, 14 watt. 
Rs — 2.2 megolun., I watt. 
141 0.17 megolini, 1 matt. 
its — Bleed resistor for vertical deflection plates. 
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Constructional Considerations 

In building an oscilloscope, care should be 
taken to see that the tube is shielded from 
•stray electric and magnetic fields that. might 
deflect the beam, and means should be pro-
vided to protect the operator from aceidental 
shock, since the voltages employed with the 
larger tubes are quite high. In general, the 
preferable form of construction is to enelose 
the instrument completely in a metal cabinet. 
It is good practice to provide an interlock 
switch that automatically disconnects the 
high-voltage supply when the cabinet is opened 
for servicing or other reasons. 

In laying out t he unit, the cat hode-ray tube 
must be placed so liai he alternating magnetic 
field from the power transformer has no effect 

on the electron beam. The transformer should 
be mounted directly behind the base of the 
tube, with the axes of the t ransformer windings 
and of the tube on a common line. 

It is impfirt ant that provision be included 
either for switching off the eleetron beam or 
reducing t he spot intensity when no signal 
voltage is Iwing applied. A hin, bright line or a 
spot of high intensity will " burn" the tube 
screen. 

If trouble is experienced in obtaining a clean 
pattern from a high-power transmitter because 
of r.f. voltage introduced by the 115-volt line, 
by-pass condensers (0.01 or 0.1 i.tfd.) should be 
connected in series across the primary of the 
power transformer, the common connection 
between the two being grounded to the ca.se. 

Antenna Measurements 
Antenna measurements are made for the 

purpose (a) of securing maximum transfer of 
power to the antenna from t he transmitter, 
and (b) of adjusting directional antennas to 
conform wit h design conditions. Measurements 
of the antenna system include the measure-
ment of transmi,don-line performance. 

• FIELD-INTENSITY METERS 
In adjusting antenna systems for maximum 

radiation and in determining radiation pat-
terns, use is made of field-intensity meters. 
Fundamentally the field-intensity meter con-
sists of a pick-up antenna and an indicating 
device such as a rectifier and microammeter, 
or a vacuum-tube voltmeter provided ‘vith 
tuned input circuit. It is used to indicate the 
relative intensity of the radiation field under 
actual rudi,iting conditions. It is particularly 
useful on t he very-high frequencies and in ad-
justing directional antennas. Field-intensity 

Fig. 16.29 — Remote-indicating field-strength meter, consisting of an r.f 
pick-up and rectifier unit, and a meter unit. The knob on the left side o 
the meter unit ie the sns itch for the shunt. On the pick-up  "t the tmo coil 
trola are the bandaLLitch (left) and tuning. The knob at the right is for the 
resfstor,shortins twitch. 

cheeks should be made at points at least several 
wavelengths (listant from the antenna and at 
heights corresponding with the desired angle of 
radial ion. 
The absorption frequency meter shown in 

Fig. 16-5 may be used as a field-strength meter 
if provided with a pick-up antenna. It is con-
venient to have t he indicating device separate 
front the actual pick-up. This arrangement 
allows the pick-up unit to be set up out in the 
field to pick up radiation from the antenna 
under test, while t he meter unit is near where 
adjustments are to be made. Antenna adjust-
ment thus becomes a one-man job. 
The unit shown in Figs. 16-29 to 16-31, inclu-

sive, is particularly suitable for measurements 
in the v.h.f. range. It is constructed in two 
sections, one containing a t uned circuit, crystal 
rectifier, and antenna connection, and the 
other housing a microammeter for registering 
the rectified eurreid front the crystal. The • 
two units arc titled with matching plug and 

socket, permitting them to be 
te:ed together, or they may be 
interconnected by means of a 
cable which can be any length 
up to several hundred feet. 
Three coils are used, so that 
measurements may be made on 
2S. 50 and 144 N1(;. A resistor is 

rn.d in 'i i'  wit ii t he crys-
tal and met ur, to lessen the 
loading Lew' on ilLy ttincd cir-
cuit and to ! mike the response 
of t h.. crystal more linear with 
variations in radiated power. As 
the resist or reduces the sen-
sitivity somewhat, a switch is 
provided to short it out in case 
measurements are to be made 
with extremely low power or at 
large distances from the trans-
mitting antenna. A 100-micro-
ampere meter is used to give 
high sensitivity, and a shunt is 
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RFC, 

lamp wpd or coax r 
any de,red lenyth, 

Fig. 16-30— Wiring diagram of the remote-indicating 
field-strength meter. 
Ci — 25-55 fil. midget variable. 
C2, C3— O.001-pfd. mica. 
RI — 1000 ohms, watt. 
112-220 ohms, 34 watt. 
1,1 — 28-Mc. coil — 7 turns No. 22 enamel, inch 

long, on 2%-inch dia. form (National PRF-1). 
La — 50-Mc. coil — 6 turns No. 22 enamel, 34 inch 

long, on 9/16-inch dia. form (National PRE-1). 
Ls- 144-Mc. coil — 3 turns No. 18 enamel, 4 inch 

long, -.inch dia., self-supporting. 
Ji, Ja — Universal receptacle, two-pole retainer-ring 

type (Amplienol 
MA — 0-100 microammeter (0-500 microammeter or 

0-1 milliammeter may he used, with reduced 
sensitivity). 

PI, P2 — Polarized plug, two-pole retainer-ring type 
(Amplienol 61-NIP). 

Si — 3-positionsafer-type switch. 
S2, Sa — S.p.s.t. snap switch. 
RFC', RFC2 — 2.5 mh. choke (National 11-1001. 

available to multiply the range of the meter by 
three. This shunt is also provided with a switch 
so that low or high readings can be taken with-
out making a trip to the pick-up unit. The 
crystal is the 1N21 type. Germanium crystals 
(1N34) also may be used with good results. 
The two units are housed in 2 X 4 X 4-inch 

steel boxes with front and back removable. 
In the pick-up unit all parts except the resistor-
shorting switch and connecting plug are 
mounted on the top panel, permitting easy 
wiring of the assembly. The interconnecting 
plug and socket are the polarized type, with 
one prong on the plug slightly larger than the 
other. The plug will fit a standard a.c. outlet, 
so the interconnect-
ing cable (ordinary 
rubber-covered lamp 
cord) doubles as a 
long a.c. extension 
cord when not in 
use for its intended 
purpose. 
The antenna con-

nection is a steat it f, 

feed-through bu-1ing fitted wit h a 

"banana-plug" 
socket. A conven-
ient pick-up an-
tenna is made by 
drilling and tapping 
a 34.-inch rod for 
6/32 thread to take 
the threaded end of 
a banana plug. The 
length of the anten-

na will vary the sensitivity of the unit. If 
measurements are to be made with high power 
levels, a rod a few inches in length will suffice, 
but for ordinary work a length of 24 inches 
or so will be about right. 

• 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 can be 
made by going along the line with an absorp-
tion wavemeter having a crystal rectifier, tak-
ing 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 
milliammeter usually will indicate current 
loops if a small pick-up coil is used, and voltage 
loops if a short pick-up antenna is used. 
On two-conductor lines the current can be 

checked by means of the device shown in Fig. 
16-32. The hooks, which should be sharp 
enough to cut through the insulation (if any) 
on the wires, are placed on one of the wires. 
The . spacing between the hooks should be 
adjusted to give a suitable reading on the 
meter. The standing-wave ratio can be deter-
mined by taking readings to determine the 
maximum and minimum currents along the 
line. At any one position along the line the 
currents in the two wires should be identical. 
If they are not, the line is carrying current 
either induced by the field of the antenna or 
coupled into the line through stray capacitance 
at the transmitter end. 

• BRIDGE-TYPE STANDING-WAVE 

INDICATORS 

The standing-wave ratio on a transmission 
line can be found without actually going along 

Fig. 16-31 — Inside view of the two units of the remote-indicating field-strength meter 
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ADJUTS0TA3BLE LIGHT WOODEN 
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Fig. 16-32 — Line-
current measuring 
device for check-
ing standing muses 
on transmission 

MERMOIeLl,•MMETER lunes. 
0-250 SCALE fines. 

t t line and measuring the current or voltage. 
The basis of such measurement is the separa-
tion of the power traveling outward along the 
t ransmission line to the load from the power 
reflected back from the load toward the source. 
At any point along the line the following 
relationship is true: 

=  

where S. W.R. = Standing-wave ratio 

V. = Outgoing component of voltage 
V, = Reflected component of voltage 

V. and V, are both taken at the point where 
the s.w.r. measurement is made. 
An ordinary voltage measurement on the 

tor r=0 
C2 

RL.R 

forV.0 

RL=U:t 

Fig. 16-33 — Fundamental circuits of two bridge-type 
standing-wave indicatm. The upper circuit is used in 
the "Micro-Match" unit the lower is a Maxwell bridge. 

line simply shows t he result ant of t he two 
voltage components, but by using special 
bridge-type circuits it is possible to obtain 
voltage readings that are proportional to each 
component. Two circuits of this type are shown 
in Fig. 16-33. The one at A is a resistance-
capacitance bridge and that at B a Maxwell-
type bridge. Both bridges are theoretically 
independent of the applied frequency, and are 
practically so up to the frequency where stray 
inductance, capacitance, and coupling bet ween 
circuit elements and wiring become of impor-
tance. In both circuits the radio-frequency 
voltmeter, V, must be a high-impedance de-
vice. The conditions for " balance" — that is, 
for the voltmeter to read zero regardless of the 
voltage applied to the input terminals — are 
given in the equations to the right of each 

diagram. CI in Fig. 16-33A, and C in the cir-
cuit at B, are made adjustable so that the ratio 
of the bridge can be varied for various load 
resistances, RIL. 

If the load, RL, is a transmission line, it will 
look like a pure resistance equal to its charac-
teristic impedance when the line is correctly 
terminated. Consequently, the voltmeter will 
read zero when the line is perfectly matched, 
if the bridge lias previously been balanced for 
that saine value of resistance. If the line is not 
matched, the reflected power will cause the 
voltmeter to register a reading that is propor-
tional to the reflected voltage. If the load is 
connected to the " input" terminals and the 
source of power to the " output" side, the volt-
meter reading will be proportional to the out-
going component of voltage. Substituting the 
two voltmeter readings in the formula above 
will then give the standing-wave ratio. 

Practical circuits corresponding to the two 

Load 

Fig. 16-34—Cireni t diagram of the "M icro-M a tch" stand. 
i ng-m a ve indicator. 4 .j 

— 3-15-ggfd. midget variable. 
I :2, C4 — 220-55M. mica. 
Cz — 82-ggfd. mica. 
Ci - 0.0047-pfd. mica. 
Iti — 1.1-ohm resistor (9 10-olun I -m at t carbon re4.:tor-

in parallel). 
liz — 5000-ohm potentiometer. 
MA — 0-1 d.e. milliammeter. 
RFC — 2.5-mh. r.f, choke. 
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Fig. 1.6-3ô -- Circuit diagram of resistance bridge for 
measuring as adapted for coaxial lines. This cir-
cuit operat,. at vet, lo% pomer level and provision must 
he made for reducing the transmitter power to a low 
value % hen using it. 

CI, C2 — 470-umfd. mica. 
IIi — 1-watt composition resistor, value equal to im-

pedance of line being measured. 
R2 — 10 ohms, 1 watt. 
R3, R4 — 56-ohm 1-%att composition. Exact value not 

important but the two resistors must have the 
same value. 

R5 — 470 ohms, watt. 
Li — Good r.f. choke at operating frequency. Not re-

quired if antenna system is closed type that 
offers d.c. return. At 28 \lc., 40 turns of No. 36 
d.c.c. wound on a 1-watt 0.1-megohm resistor is 
satisfactory, or a regular 2.5-mh. choke may he 
used. 

MA — 0-1 milliammeter. 

ance in series with the meter as possible while 
still obtaining full-scale indications at the r.f. 
power level used. 

Several precautions must be observed in 
constructing and using such instruments. The 
leads must be kept short, to avoid introducing 
reactance that would prevent obtaining proper 
balance. The rectifier-circuit wiring should be 
kept out of the fields of the other components 
insofar as possible, since stray pick-up in this 
wiring will give a " residual" volt meter reading 
t hat will not balance out. It is absolutely essen-
tial that the resistors have negligible capaci-
tance and inductance; wire-wound resistors 
cannot be used with any succe. 

Fig. 16-37 — Standing-wave ratio in terms of meter 
reading (relative to full scale) after setting outgoing 
voltage to full scale. This graph is a plot of the formula 

1-o -}- 1-r S. W.R. — 
Vr 

To calibrate such a bridge, connect a non-
inductive resistor equal to the characteristic 
impedance of the line to be used to the output 
terminals, apply an r.f. voltage to the input 
terminals, and adjust the variable condenser 
for minimum reading. Then reverse the bridge 
so that the power source is connected to the 
output terminals and the resistor load to the 
input. Adust the r.f. voltage (by changing the 
coupling to the transmitter) lu make the meter 
read full scale. Then reverse the bridge connec-
tions and check the reading. If it is more than 
one or two per cent of the full-scale reading it 
will be necessary to try different arrangements 
of the wiring until the null reading can be 
brought as close to zero as possible. The varia-
ble condenser can be calibrated in terms of 
various line impedances by substituting load 
resistances of the appropriate values, noting 
the setting for balance at each resistance 

Fig. 16-38 — The "tm in-larnp" standing-wave indicator 

value. Bot h circuit s can be used over the range 
of 50 to 300 ohms, approximately. 

In using standing-wave indicators, the read-
ings will be reliable only when there are no 
"antenna" currents on the transmission line. 
(See Chapter Ten.) If there is no stray pick-up 
on the line, it will not matter which line con-
ductor is connect ed to which output terminal; 
the meter reading will be the same bot h ways. 
The same is true of the connections to the 
power source. If the way the line or source is 
connected does make a difference in the read-
ings the results can be considerably in error. 
Coaxial lines usually are less troublesome in 
this respect than parallel-conductor lines. 

Resistance Bridge 

The bridge circuit in Fig. 16-36 uses equal 
resistance arms and can be used with only one 
value of line impedance. However, it is not 
necessary to reverse the line and power source 
to obtain a standing-wave reading. When 
properly constructed (noninductive resistors 
must be used) the meter reading will be zero 
when a noninductive resistance equal to the 
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line impedance is connected to t he output, 
terminals. 
To use the bridge, the output terminals are 

first short-circuited and the input voltage ad-
justed to give a full-scale reading on the 
milliammeter. When the short-circuit is re-
moved «and the line connected to the output 
terminals, the meter reading (relative to the 
full-scale reading) indicates the s.w.r. as shown 
in Fig. 16-37. 

The "Twin-Lamp" 

A simple and inexpensive standing-wave 
indicator for 300-ohm line is shown in Fig. 
16-38. It consist s only of two flashlight lamps 
and a short piece of 300-ohm line. When laid 
flat against the line to be checked, the combi-
nation of induct ive 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. When the line is matched and no power 
is reflected, the lamp toward the antenna will 
be dark. The power input to the line should be 
adjusted to make the lamp nearest the trans-
mitter light to full brilliance. When the lamp 
nearest t he load just begins to glow, the s.w.r. 
is about 1.5 to 1. 
To construct the " twin-lamp," take a short 

length (a foot. or two) of 300-ohm line and re-
move about 54 inch of insulation from one 
wire at the center of the piece. Then take a 
second piece, 4 to 10 inches long (depending on 
the frequency and the transmitter power) and 
short-circuit both ends. Cut one wire in the 
exact center of the piece and peel the ends 
back on either side just far enough to provide 

Fig. 16.39 — Wiring diagram of the "twin-lamp'. 
standing-wave indicator. 

leads to t he flashlight lamps. Use the lowest-
current flashlight, bulbs or dial lamps avail-
ble. Solder the tips of the bulbs together and 
connect them to t he bare point in the long sec-
tion of line, t hen solder the ends of the cut 
portion of the short piece to the shells of the 
bulbs. Figs. 16-38 and 16-39 should make the 
construction clear. The whole unit forms a 
"test section" that can be inserted in series 
with the line to be measured. 

While the " twin-lamp" cannot readily be 
used for quantitative measurement of s.w.r., 
it is very useful in checking the effect of load 
adjustments on the standing-wave ratio, when 
300-ohm line is used. 
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CHAPTER 17 

Assembling a 

Station 
An amateur station is generally far better 

known by its sigaidand good operation than by 
its physical apWice. 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 fact 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 are careful 
of the appearance and arrangement of any-
thing else which is part of the household. An 
antenna installation is the only external indi-
cation of the amateur station. and the degree 
of neatness required is generally determined by 
the district where the amateur lives and the 
attitude of the neighbors. 
The actual location 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. 
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! 

• CONVENIENCE 
The first consideration in any amateur 

station is the operating position, which in-
cludes the operator's table and chair and the 

pieces 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 microphones, with enough space 
left over for the logbook, a pad and pencil, 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 rack for the auxiliary equipment, or 
to mount it in some less convenient location in 
or under the table. If one has the facilities, a 
semicircular " 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 
Masonite. Home-built tables or consoles can 
be finished in any of the available oil stains, 
varnishes, paints or lacquers. Many operators 

This station is tucked away in a corner of the attic, and 
everything is accessible to the operator without his bay. 
ing the chair. The second-hand furniture was not an at. 
tempt to he fancy, hut simply the only way the operator 

old find any lumber during a shortage. (W Ill// 
thFC, ‘ nnandale, Va.) 

495 
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A convenient operating position can be obtained by 
building a "horseshoe-type' operating desk as shown 
here. Considerably more equipment can be placed on 
the desk around the operator than if an ordinary desk is 
used. (W9A D, Dixon, Ill.) 

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. 
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 procedure, the trans-
mitter should be mounted close to the oper-
ator, either along one side or above the re-
ceiver, so that the controls are easily accessible 
without the need for leaving the operating 
position. 
A compromise arrangement would place the 

VFO or crystal-switched oscillator at the op-
erating position and the transmitter in some 
convenient location not adjacent to the op-

V, heu  one slierm:ho.- in elean-cut e.tv. operation on all 
;hands, he is likely to ',one up with a neat arrangement 
like this. The tiansonitter runs .1.00 mutts, despite its 
small size. The small unit transmitter and 
receiver i the VFO. (W5MY, saur \amain, Texas) 

mutton Since it is usually possible to operate 
over a portion of a band without retuning the 
transmitter stages, an operating position of this 
type is an advantage over one in which the 
operator must leave his position to make a 
change in frequency. 

Controls 

The operator has an excellent chance to 
exercise his ingenuity in the location of the op-
erating 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 

00 

6 6 •  o b d 

big. 17-1 — It a station assembled for maxituto n ease 
frequency or band el angina. the transmitter should 

loe located next to the operating position, as shown 
above. On the operating table, the receiver is in front of 
the operator and V FO or crystal-snitching oscillator on 
the left. (The VEO or crystal os,•illa tor could be part of 
tloe transmitter proper, lout most operators seem to 
prefer a separate VFO.) 
The 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 cabinet-. The "send-receive-
snitch is to the right of the telegraph lo•> , other 
su itch,- ire u.n ti,, tran-initter or the itirlis idmil unit-. 
The also e arrangement can be Ina& ti, look t•Irarier 

by arranging all of the equipment on the table behind .1 
single panel or a set of panels. In thi- ease, pros ision 
 st i.e made for gelang bel I I lie pant I for soy% icing 
the  • s. 

shelf or bracket will do the trick. With the 
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 tuning 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 iminfttance ii f 
a properly-located receiver. The majority if 
e.w. operators t une 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, and 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 
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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-
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 of 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. 

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. 
Either location is satisfactory, of course, and 
the choice depends upon personal preference. 
Some operators use a foot-eontrolled switch. 
which is a convenience but doesn't allow too 
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. 17-2 — Witco little space is a% ailable for the ama-
teur station, the equipment has to be spotted w here it 
will tit. In the abo% e arrangement, the tran-mitter, 
modulator and power supplies (separate unit-) are 
sandw idled in alongside the operating table and on a 
shelf alone the table. The antenna t  • g  t is 
 ted over the feed.through insulators that bring 
the antenna line into tile :Itack," and loudspeaker and 
:quail power supplies are mounted under the table. The 
operating position is clean, however, with the VFO, 
receiver and keys at table level. The tuning knob of this 
receiver would be uncomfortably low if the receiver 
weren't raised by the wooden arch, and the "send-
reeei% e" switch is mounted on the right-hand side of this 
arch, next to the hand-key. Interconnecting leads should 
be cabled along the back of the table and table legs, to 
keep them inconspicuons. 

A high-powered station in a room with enough space to 
locate the transmitters along one wall and the operating 
table along another. Note the convenient location of the 
control switches, and the receiver raised above the ta-
ble. (W1CII, Worcester, Mass.) 

are not too desirable, although they are widely 
used in mobile and portable work. A breast, 
chin or throat microphone is safer for mobile 
work, if the operator is also the driver of the 
vehicle. 
The location of other switches, such as those 

used to control power supplies, filaments, 
'phone/c.n. change-over and the like, is of no 
particular importance. and they can be located 
on the unit with which they are associated. 
This is not strictly true in the case of the 
'phone/c.w. DX man, 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 that the 
switch controls. 

If a rotary brain is used the control of the 
beam should be convenient to the operator. 
The beam-direction indicator, however, can 
be located anywhere within sight of the oper-
ator, and does not have to be located on the 
operating table unless it is small, or included 
with the beam control. 
When several fixed beams are used, the se-

lection of any one should be possible from the 
operating position, to minimize the time re-
quired to select the proper one. This generally 
means using a series of antenna relays or a 
stepping switch. 

Frequency Spotting 

In a station where a VFO is used, or where a 
number of crystals•is avetilable, the operator 
should be able to turn on only the oscillator of 
his transmitter, so that he can spot accurately 
his location in the band with 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 bands!), or to see what his fre-
quency is with respect to another station. Such 
a provision can be part of the " send-receive" 
switch. Switches are available with a center 
"off" position, a " hold" position on one side, 
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Fig. 17-3 — Power eircuits for a high-power statioi . A shows the nutlet- for the receiver, monitoring equiptnent, 
speech amplifier and the like. The outlets should be mounted incon-picuoudy on the operating table. If shows the 
transmitter filament circuits and control-relay circuits, if the latter are used. C shows the plate-transformer primary 
eirenits, controlled by the power relay. A heavy-duty switch can be used instead of the relay, in which case the 
antenna relay would be connech.d in circuit C. 

If 11.5-volt: pilot lamps are tliey can be connected as shown. Lower-voltage lamps must be connected across 
suitable windings on transformer-. 

ith -po-hi-to-talk" operation, the "send-receive" switch can be a d.p.d.t. affair, with the second pole controlling 
the "on-off- circuit of the receiver. 

for 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-
pose, provided a " send-receive" switch is 
available to turn off the high-voltage supplies 
and prevent a signal going out on the air during 
adjustment of the oscillator frequency. 

For 'phone operation, the telegraph key or 
an auxiliary switch can control the transmitter 
oscillator, and the " send-reeeive" switch can 
then be wired into the control system so as to 
control the osvilla tor as well as the other circuits. 

Ad-example of the compact station, complete on the 
operating table. The receiver is mounted on the left 
of the table, for left-hand t g. The beam-direction 
indicator and au itehes are I -4,1 in boN sit (Mg 
on the VFO. (WgNFU. Forest N, Y.) 

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 position while using 
them. If you get sleepy fast, the ventilation 
may he at fault. (Or you may need sleep!) 

e POWER CONNECTIONS AND 
CONTROL 

Following a few simple rules in wiring your 
power supplies and control circuits will make 
it an easy job to change units in the station. If 
the station iA 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 from time to time without a 
major rewiring job. 
The regular wall outlets in a home are gen-

erally rated at 15 anipet e, a 115 volts, and so 
will furnish sufficient power for receivers, 
monitoring equipment. as- It amplitier8, and 
anything that doesn't draw too high an 
intermittent load (such as a keyed transmitter 
or Class B modulator). A low-powered trans-
mitter, under one or two hundred watts, can 
be supplied by an ordinary wall outlet. To 
make a neat installation, it is better to run a 
single pair of wires from the outlet over to the 
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operating table or some central point, rather 
than to use a number of adapters at the wall 
outlet. 

In a high-powered station, the receiver and 
auxiliary equipment can get their power from 
the wall outlet, but it is advisable to run in a 
special, heavy three-wire line from the meter 
box for the transmitter. This three-wire line 
will, of course, be 115 volts either side of neu-
tral (ground), or 230 volts across the outside 
In many cases it is possible to run the filaments 
and constant loads from une side of this three-
wire line and the intermittent loads (plate 
transformers) from the other side. In this case 
the filament voltages will rise slightly with the 
application of load, because of the reduced nel 
current in the neutral. However, this pro-
cedure often unbalances the system too much, 
resulting in considerable " blinking" of the 
lights, and the load must be distributed equally 
across the 230-volt circuit. This can be done 
by using plate transformers with 230-volt 
primaries, by dividing the load as equally as 
possible across both 115-volt circuits, or by 
using autotransformers that step down the 
230 volts to 115 volts and connecting the 
plate-transformer primaries across the a ut o-
transformer secondaries. Obviously balancing 
the load is the cheapest " out" and the first 
one to try. 

If the lights blink with keying or modula-
tion of a low-powered transmitter that gets its 
power from a regular wall outlet, taking some 
of the power from another outlet may help to 
improve the regulation and is always worth a 
try. 
When a special heavy line is run into the 

shack for a high-powered transmitter, it will 
generally be done by a licensed electrician who 
can advise you on the various types of outjets 
that are available. Some amateurs terminate 
their special lines in switch boxes, while others 
end the line in an electric-stove receptacle. In 
case you do the work yourself, it is wise to find 
out if there are any special regulations in your 
area covering the type of wire, insulation and 
outlet which must be used. The power com-
panies are always willing to advise you if it 
looks as though you will be using more power! 

Interconnections 

The wiring of any station will entail two or 
three common circuits. The circuit for the re-
ceiver, monitoring equipment and the like, 
assuming it to be taken from a wall outlet 
should be run from the wall to an inconspicu-
ous 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 time, or the plug can simply be pulled out 
at the wall when leaving the shack. 
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 
from a wall outlet or from the transmitter line, 
if a special one is used. 
The third circuit is the one that furnishes 

power for the power-supply transformers for 
the r.f. stages and for the modulator. When it is 
opened, the transmitter is disabled except for 
the filaments, and the transmitter should be 
safe to work on. However, one always feels 
safer when working on the transmitter if he has 
turned off everything pertaining to the trans-
mitter. 
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 (which runs 
all the time) ties into the first circuit. Any new 
power supply or r.f. unit gets its filament 
power from the second circuit. Since the third 
circuit is controlled by the send-receive switch 
(or relay), any power-supply primary that is to 
be switched on and off for send and receive 
connects to circuit No. 3. 

Break-In and Push-To-Talk 

In c.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 letters. This 
allows the sending station to be " broken " by 
the receiving station at any time, to shorten 
calls, ask for " fills" in messages, and speed 
up operation in general. With present tech-
niques, it requires the use of a separate receiv-
ing antenna and, with high power, some means 
for protecting the receiver from the transmit-
ter when the key is " down." Several methods, 
applicable to high-powered stations, are de-
scribed in Chapter Eight. If the transmitter is 
low-powered (50 watts or so), no special 

In this example of a compact high-powered station, the 
operating table folds up Ni lien not in use and covers the 
receiver and speech amplifier. Special furniture, like this 
homemade operating table, goes a long way toward solv-
ing the space problem for many amateurs. (W411AV, 
Fort Thomas, Ky.) 
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This station goes all the way in concealment by housing 
the entire station in a special cabinet. V1 hen the cabinet 
is opened, the operating table is formed and all pieces of 
gear are accessible. (W6YNX, Mountain View, Calif.) 

equipment is required except the separate re-
ceiving antenna and a receiver that " recovers" 
fast. Where break-in operation is used, there 
should be a switch on the operating table to 
turn off the plate supplies when adjusting the 
oscillator to a new frequency, although during 
all break-in work this switch will be closed. 

"Push-to-talk" is an expression derived 
from the " push" switch on some microphones. 
and it means a ' phone station with a single 
control for all change-over functions. Strictly 
speaking, it should apply only to a station 
where this single send-receive switch must be 
held in place during transmission periods, but 
any fast-acting switch will give practically the 
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 switch must 
control the antenna change-over relay, the 
transmitter power supplies, and the receiver 
"on-off" circuit. This latter is necessary to 
disable the receiver during transmit periods, to 
avoid acoustic feed-back. 

Switches and Relays 
It is dangerous to use an overloaded switch 

in the power circuits. After it has been used for 
some time, it may fail, leaving the power on the 
circuit even after the switch is thrown to the 
"off" position. For this reason, large switches, 
or relays with adequate ratings, should be used 
to control the plate power. Relays are rated by 
coil voltages (for their control circuits) and by 
their contact ratings (what they will carry 
safely). 
When relays are used, the send-receive 

switch closes the circuit to their coils, thus 
closing the relay contacts. The relay contacts 
are in the power circuit being controlled, and 
thus the switch 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 practice. If there are small 
children in the house, every step must be 
taken to prevent their accidental contact with 
power leads of any voltage. A locked room is a 
fine idea, if it is possible, otherwise, housing the 
transmitter and power supplies in metal 
nets is : in excellent, although expensive, solu-
tion. Lacking a metal cabinet, a wooden cala-
net or a wooden framework covered with wire 
screen is the next best solution. Many stations 
have the power supplies housed in metal cabi-
nets in the operating room or in a closet or 
basement, and this cabinet or entry is kept 
locked — with the key mit of reach of everyone 
but the operator. The power leads are run 
through conduit to the transmitter, using 
ignition cable for the high-voltage leads. If the 
power supplies and transmitter are in the sanie 
cabinet, a lock-type main switch for the incom-
ing line power is a good precaution. 
A simple substitute for a lock-type main 

switch is an ordinary line plug with a short 
connecting wire between the two pins. By 
wiring a female receptacle in series with the 
main power line in the transmitter, the short-
ing plug will act as the main safety lock. When 
the plug is removed and hidden, it will be im-
possible to energize the transmitter, and a 
stranger or child isn't likely to spot or suspect 
the open receptacle. 
An essential adjunct to any station is a 

shorting stick for discharging any high voltage 
to ground before any work or coil changing is 
done in- the transmitter. Even if interlocks and 
power-supply bleeders are used, the failure of 
one.or more of these components may leave the 
transmitter in a dangerous condition. The 
shorting stick is made by mounting a small 
metal hook, of wire or rod, on one end of a dry 
stick or bakelite rod. A piece of ignition cable 
or other well-insulated wire is then run from 
the hook on the stick to the chassis or common 
ground of the transmitter, and the stick is hung 
alongside the transmitter. Whenever the 
power is turned off in t he transmitter to work 
on the rig, or to change coils, the shorting stick 
is first used to touch t he several high-voltage 
leads (tank condenser, filter condenser, tube 
plate connection, ('tc.) to insure that there is no 
high voltage at any of these points. Most corn-
mercial installations require the use of this 
simple device, and it has saved 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, the house fuses will gen-
erally blow. However, it is unwise and incon-
venient to depend upon the house fuses to 
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protect the lines running to the radio equip-
ment, and every power supply should have its 
own set of fuses, with the fuse ratings selected 
at about 150 or 200 per cent of the maximum 
rating of the 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 t he primary circuit of the trans-
former. Circuit breakers can he used instead of 
fuses if desired. 

Wiring 

Control-circuit wires running bet ween the 
operating position and a transmit ter in another 
part of the room should be hidden if possible. 
This can be done by running the wires under 
the floor or behind the base molding, bringing 
the wires out to terminal boxes or regular wall 
fixtures. Such construction, however, is gen-
erally only possible 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 from the operating table to the 
transmitter, as is generally t he case, a single 
piece of rubber- or vinyl-covered multicon-
ductor cable will always look neat el t han 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 t heir antenna-
tuning assemblies right at the point of entry of 
the feedline, toget her with an antenna change-
over relay (if one is used), and then the link 
from the tuning assembly to the transmitter 
can be made of inconspicuous coaxial line or 
Twin-Lead. If the transmitter is mounted near 
the point of entry of the antenna line, it sim-

There was enough room at this station to build the 
transmitter into the wall, and to protect it with glass 
doors. In an installation like this, it is convenient to 
have access to the rear of the transmitter units, for 
making connection to them and for testing. If the rear 
cannot be reached, all power leads should be cabled up 
along the side walls, at the rear. (W6NY, Whittier, 

plifies the problem of " what to do with the 
feeders." 

General 

You can check your station arrangement by 
asking yourself the following questions. If all 
of your answers are an honest " Yes," your 
station will be one of which you can be proud. 

1) Is your station safe, under normal oper-
ating conditions, both for the operator and the 
visitor? 

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 time 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? 



CHAPTER 18 

The Amateur's 
Workshop 

• 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 pliers, (1-inci.. 
Diagonal cutting pliers, ti-inch. 
Screwdriver, 6- to 7-inch, 4-inch blade. 
Screwdriver, 4-' to 5-inch, 4-inch blade. 
Scratch awl or scriber for marking lines. 
Combination square, 12-ineli, for laying out work. 
Hand drill, 4-inch chuck or larger. 2-speed type 

preferable. 
Electric soldering iron, 100 watts. 
Hacksaw, 12-inch blades. 
t'enter punch for marking hole centers. 
Hammer, ball-peen. 1- lb. 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, %-inch diameter. 
Three or four small and medium files—flat, round, 

half-round, triangular. 
Drills, particularly 4-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-ineh, for cutting thin sheet metal. 
Taper reamer, 14-inch, for enlarging small holes. 
Taper reamer, 1-inch, for enlarging holes. 
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 screw-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, 4-inch. 
Cold chisel, 4-inch. 
Wing dividers, 8-inch, for scribing circles. 
Set of machine-screw taps and dies. 
Folding rule, 6-foot. 
Dusting brush. 

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 
18-I will be most commonly used in construc-
tion of amateur equipment. It is usually de-
sirable to purchase several of each of the 
commonly-used sizes rather than a quantity 
of odd sizes, most of which will be used infre-
quently, if at all. 

Care of Tools 

The proper care of tools 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 
each time. This makes it easier to maintain the 
rather critical surface angles required for best 
cutting with least wear. Occasional oilstoning 
of 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 

802 
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cleaned by dipping it in sal ammoniac while 
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 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: 

M X 1/16-inch brass strip for brackets. etc. 
(half-hard for bending). 

hi-inch-square brass rod or X 3 X 1/16-
inch angle brass for corner joints. 

'i -inch diameter round brass 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 Yi inch to 
1 inches. (Nickel-plated iron will be 
found satisfactory except in strong r.f. 
fields, where brass should be used.) 

Bakelite and hard-rubber scraps. 
Soldering lugs, panel bearings, rubber 
grommets, terminal-lug wiring strips, var-
nished-cambric insulating tubing. 

Machine screws, nuts, washers, soldering 
lugs, etc., are most reasonably purchased in 
quantitifs of a gross. 

• 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. 
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 
the actual construction is greatly simplified. 
Cover the top of the chassis with a piece of 

n-rapping paper or. preferably. cross-section 

Fig. 18-1 - Method of measuring the heights of con-
denser shafts, etc. If the square is adjustable, the end 
pf the scale should he set flush with the face of the head. 

TABLE 18-1 

Numbered Drill Sizes 

Diameter Will Clear 
Number (mils1 Screw 

228.0 
2 221.0 
3 213.0 
4 209.0 

205.0 
6 204.0 
7 201.0 
8 199.0 
9 196.0 
10 193.5 
11 191.0 
12 189.0 
13 185.0 
14 182.0 
15 180.0 
16 177.0 
17 173.0 
18 1811.6 
19 166.0 
20 161.0 
21 159.0 
22 157.0 
23 154.0 
24 152.0 
25 149.5 
26 147.0 
27 144.0 
28 140.0 
23 136 0 
30 128.5 
31 120.0 
32 116.0 
33 113.0 
34 111.0 
35 110.0 
36 106.5 
37 104.0 
38 101.5 
39 099.5 
40 098.0 
41 096.0 
48 093.5 
43 089.0 
44 086.0 
45 082.0 
46 081.0 
47 078.5 
48 076.0 
49 073.0 
SO 070.0 
51 067.0 
52 063.5 
53 059.5 
54 055.0 

12-24 

12-20 

10-- 32 
10-24 

8-- 32 

6-- 32 

4 36,- 4 40 

:3-- 48 

2-- 56 

Drilled for 
Tappinu Iron, 
Steel or Brass* 

14-- 24 

12-- 24 

12-- 20 

10-- 32 

10-- 24 

8-- 22 

6-32 

4-26, - 4-43 

3-- 48 

*Use one size larger for tapping bakelite and hard 
rubber. 

paper, folding the edges down over the sides 
of the chassis and fastening with adhesivètape. 
Then assemble tin. ', mils 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 
form the desired pattern on the panel. Be sure 
to line up the shafts squarely with the chassis 
front. Locate any pArtitinn siiiejd§ and panel 
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brackets next, and then the tube sockets and 
any other parts, marking the mounting-hole 
centers of each accurately on the paper. Watch 
(tut 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 
lades and holes for leads under i.f. transformers. 
etc., as well as holes for wiring leads. 
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 chassis with the 
center punch. After drilling, the parts which re-
quire mounting underneath may be located 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 

rig. 18-2 — To cut rectangular holes in a chassis 
corner, holes may be filed out as shown in the shaded 
portion of B, making it possible to start the hacksaw 
blade along the rutting line. A shows how a single 
ended handle may be construeted for a hacksaw blade. 

of the chassis should be transferred to the 
panel, by once again fastening the panel to the 
chassis and marking it truni tIte rear. 

Next, mount on the chassis the condensers 
and any other parts with shafts extending to 
the panel, and measure accurately the height 
of the center of each shaft above the chassis, 
as illustrated in Fig. 18-1. 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 thé back of the panel. and the holes drilled. 
Holes for any other panel equipment coming 
above the chassis line may then be marked and 
drilled, and the remainder of the apparatus 
mounted. 

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" a way 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 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 3d-inch drills. Although it is rather 
tedious, the VI-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 the purpose 
may be used in the brace. Occasional applica-
tion of machine oil in the cutting groove will 
help. The cutter first should be tried out on a 
block of wood, to make sure that it is set for 
the correct diameter. Probably the most con-
venient device for cutting socket holes is the 
socket-hole punch. The best type is that which 
works by turning 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 

-inch hole inside each corner, as illus-
trated in Fig. 18-2, and using these holes for 
starting and turning the hacksaw. The socket-
lade punch also may be of considerable 
assistance in cutting out large rectangular 
openings. 
The burrs or rougit edges which usually 

result after drilling or cutting holes may be re-
moved with a file, or sometimes more con-
veniently with a sharp knife or chisel. It is a 
good 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 shaft must he extended or in-
sulated, a flexible shaft coupling with adequate 
insulation should be used. Satisfactory support 
for the shaft extension can be prO'vided by 
means of a metal panel bearing made for tile 
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. 
This prevents any possible danger of shock. 
The use of fiber washers between ceramic 

insulation and metal brackets. screws or nuts 
will prevent the ceramic parts from breaking. 
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Cutting and Bending Sheet Meta/ 

If a sheet of metal is too large to be cut con-
veniently with a hacksaw, 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. 

Cutting Threads 

Brass rod may be threaded, or the damaged 
threads of a screw repaired, by the use of dies. 
Holes of suitable size (see Table W-I) may be 
threaded for screws by means of taps. Taps and 
dies are obtainable in all standard machine-
screw sizes. A set usually consists of taps and 
dies for 4-36, 6-32, 8-32, 10-32 and 14-20 sizes. 
with a holder suitable for use with either tap or 
(lie. Machine oil applied to the tap usually 
makes cutting easier and sticking less trouble-
some. 

Wiring 

A popular type of wire ' for receivers and 
low-power transmitters is that known as 
"push-back" wire. It comes in sizes No. 16. 
18, 20, etc., which are sufficiently large for all 
power circuits except filament. The insulating 
covering, which is sufficient for circuits where 
voltages do not exceed 400 or 500, can be 
pushed back a few inches at the end, making 
cutting of the insulation unnecessary when 
making a connection. Filament wiring should 
be done with sufficiently large conductors to 
carry the- required current without appreciable 
voltage drop (see Copper Wire Table, Chapter 
Twenty-Four). Rubber-covered house-wire 
sizes No. 14 to No. 10 are suitable for heavy-

RIGHT WAY 

Cable Wires 

z  

WRONG WAY 

Fig. 18-3— Right and wrong methods of lacing cable. 
ith the right way the leading line is pinched under each 

urn and will not loosen if a break occurs in the lacing. 

current transmitting tubes, while No. 18 to 
No. 14 flexible wire is satisfactory for receiv-
ers and low-drain transmitting tubes where 
the total length of the leads is not excessive. 

Stiff bare wire, sometimes called bus wire or 
bus bar, is most favored for the high r.f.-po-
tential wiring of transmitters and, where prac-
ticable, in receivers. It comes in sizes No. 14 
and No. 12 and is usually tin-dipped. Soft-
drawn antenna wire also may be used. Kinks or 
bends can be removed by stretching 10 or 15 
feet of the wire and then cutting it into small 
usable lengths. 
The insulation covering power wiring which 

is to carry high transmitter voltages should be 
appropriate for the voltage involved. Wire 
with rubber and varnished cambric covering, 
similar to ignition cable, is available from radio 
parts dealers. 

It is usually advisable to do the power-sup-
ply wiring first. The leads should be bunched 
together as much as possible and kept down 
close to the surface of the chassis. The lacing 
of power wiring in cable form not only im-
proves its appearance but also strengthens the 
wiring. Fig. 18-3 shows the correct way of lac-
ing cabled wires. , 

Chassis holes for wires should be lined with 
rubber grommets which fit the hole, to prevent 
chafing of the insulation. In cases where power-
supply leads have several branches, it is often 
convenient to use fiber terminal strips as an-
chorages. These strips also form handy mount-
ings for wire-terminal resistors, etc. 

High-voltage wiring should have exposed 
points kept at a minimum and those which 
cannot be avoided rendered as inaccessible as 
possible to accidental contact. 

Soldering 

The secret of good soldering is in allowing 
time 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 with the wires being joined, 
without touching the solder to the iron. 

Soldering paste, if of the noncorroding type, 
is extremely helpful when used correctly. In 
general, it should not be used for radio work 
except when necessary. The joint should first 
be warmed slightly and the soldering paste ap-
plied with a piece of wire. Only the bit of paste 
which melts from the warmth of the joint 
should be used. If the soldering iron is clean it 
will be possible with one hand to pick up a drop 
of solder on the tip of the iron which can be 
applied to the joint, while the other hand is used 
to hold the connecting wires together. The use 
of excessive soldering paste causes the paste to 
spread over the surface of adjacent insulation, 
causing leakage or breakdown of the insula-
t ion. Except where absolutely necessary, solder 
should never be depended upon for the me-
chanical strength of the joint; the wire should 
be wrapped around the terminals or clamped 
with soldering terminals. 
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• 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 1841 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 
ohms, 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 
would be in the range from 4500 to 4900 ohms, 
approximately. 

Only those values shown in the first column 
of Table 18-II are available in 20-per-cent 
tolerance. Additional values, as shown in the 
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. 

TABLE 18-11 

Standard Component Values 

20 .« 10r, 
Tolerance Tolerance Tolerant', 

10 10 10 
11 

12 12 
13 

15 15 15 
16 

18 18 
20 

22 22 22 
24 

27 27 
30 

33 33 3:1 
36 

39 39 
43 

47 47 47 
51 

56 56 
62 

68 68 68 
75 

82 82 
91 

100 100 100 

First 
Mica capacitors. black significant figure 

CAWS paper rapacitors-n  I 1   Second 
silver) Isignificant figure 

,  

  (> (> C>   

Claracte-ristic - 

0 0 0 
t t  

I—Dec/ma/ multiplier 
 Tolerance 

AWS and JAN fixed capacitors 

•si'gnificant figure 

Second   

First 
  Decimal 

multiplier 

siriticant figure 

RI,44 3- dot 503-volt,i20% toteranot on 

  Second 
First sirificant firre 

significant figure— i   Third 
sired/cant figure 

e 4, 4  

O' 
0 0 0 

 Decimal multiplier 
Voltage ndiny Tolerance 

RNA 6-dot 

kinperature coefficient 

-first significant firre 
8-Second &recant firre 
C-Oecimal multiplier 
0-Capacitance tolerance 

Fixed manic capacitors 

Fig. 184 — Color coding of fixed mica, molded paper, 
and tubular ceramic condensers. The color code for mica 
and molded paper condensers is given in Table 18-11l. 
Table 18-1V gives the color code for tubular ceramic 
condensers. 

Values that do not fit into the pkferred-
number system (such as 500, 25,000, etc.) 
casily can be substituted. It is obvious, for 
xainple, 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 18-III. 
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Fixed Condensers 

The methods of marking " postage-stamp" 
mica condensers, molded paper condensers, 
and tubular ceramic condensers are shown in 
Fig. 18-4. 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 RM A code is used for 
condensers having a rating of 500 volts and 
±20% tolerance only; other ratings and 
tolerances aîte covered by the 6-dot RM A code. 

Examples: A condenser with a 6-dot code has 
the following markings: Top row, left to right, 
black, yellow, violet; bottom 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 ggfd. The tolerance is 
..10%. The final color, the characteristic, deals 
with temperature coefficients 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 ggfd. 
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 is 
neither black our silver, this is the RNIA rode. 
The significant figures are 1, 0, 0 ( 100) and the 
decimal multiplier is 1 (black). The capacitance 
is therefore 100 gofd. The gold dot shows that 

• the tolerance is * 5'; and the blue dot indicates 
600-volt rating. 

Ceramic Condensers 

Conventional markings for ceramic con-
densers are shown in the lower drawing of 
Fig. 18-4. The colors have the meanings indi-
cated in Table 18-1V. In practice, dots may he 
used instead of the narrow bands indicated in 
Fig. 18-4. 

Example: A ceramic condenser has the fol-
lowing markings: Broad band, violet; narrow 
bands or dots, green, brown, black, green. The 
significant figures are 5, 1 (51) and the decimal 
multiplier is 1. 80 the capacitance is 51 pi.ifd. 

'olor 

Black 
Brown 
Red 
Orange 
Yellow 
Green 
Blue 
Violet 
Gray 
White 

TABLE 18-IV 

Color Code for Ceramic Condensers 

Significant 
Figure 

o 

2 
3 
4 
5 

8 
O 

Decimal 
Multiplier 

10 
100 

1000 

0.01 

Capacitance Tolerance 

More than 
ig µdd. 
(in '';) 

20 

2 

5 

10 

Lem Man 
10 witd. 
(inmd.fil.) 

2.0 

0.5 

0.25 
I . 0 

Temp. coeff. 
p. p.m. /rim 

C. 

O 
—30 
—so 
— 150 
—220 
—330 
— en) 
— 750 

30 
5110 

TABLE 18-Ill 

Resistor-Condenser Color Code 

Significant Decimal 
Calor Figure Multiplier 

Black 
Brown 1 
Red 2 
Orange 3 
Yellow 4 
Green 5 
Blue 6 
Violet 7 
Gray 8 
White 9 
Gold 
Silver 
No color - 

10 
100 

1000 
10,000 

100,000 
1,000,000 

10,000,000 
100,000,000 

1,000,000,000 
0.1 
0.01 

Tolerance Voltage 
( Rating* 

1* 100 
2* 200 
3* 300 
4* 400 
5* 500 
6* 600 
7* 700 
8* 800 
9* 000 
5 1000 
10 2000 
20 500 

* Applies to condensers only. 

The temperature coefficient is — 7.50 parts per 
million per degree C., as given by the broad 
band, and the capacitance tolerance is * 5%. 

Fixed Composition Resistors 

Composition resistors (including small wire-
wound units molded in cases identical with the 
composition type) are color-coded as shown in 
Fig. 18-5. Colored bands are used on resistors 
having axial leads; on radial-lead resistors the 
colors are placed as shown in the drawing. 
When bands are used for color coding the body 
color has no significance. 

Examples: A resistor of the type shown in the 
lower drawing of Fig. 18-5 has the following 
color bands: A, red; 13, red; C, orange; D, no 
color. The significant figures are 2, 2 (22) and the 
decimal multiplier is 1000. The value of resist-
ance is therefore 22,000 ohms and the tolerance 
is 20%. 
A resistor of the type shown in the upper draw-

ing has the following colors: body (A), blue; 
end ( B), gray; dot, red; end (D), gold. The 
significant figures are 6, 8 (68) and the decimal 
multiplier is 100, so the resistance is 6800 ohms. 
The tolerance is * 5%. 

Fixed composition resators 

Fig. 18-5 — Color coding of fixed composition resistors. 
The color code is given in Table 18-HI. The colored 
areas have the following significance: 

A — First significant figure of resistance in ohms. 
— Second significant figure. 

C — Decimal  ltiplier. 
— Resistance tolerance in per cent. If no color is 

shown, the tolerance is 20%. 
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I.F. Transformers 

Blue — plate lead. 
Red —" B" -F 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 diode plate lead is green-
and-black striped, and black is used for the 
center-tap lead. 

A.F. Transformers 

Blue — plate (finish) lead of primary. 
Red — " B" + lead (this applies whether the 

primary is plain or center-tapped). 
Brown — plate (start) lead on center-tapped 

primaries. (Blue may be used for this lead if 
polarity is not important.) 

Green — grid (finish) lead to secondary. 
Black — grid return (this applies whether the 

secondary is plain or center-tapped). 
Yellow — grid (start) lead on center-tapped 

secondaries. (Green may be used for thi-: 
lead if polarity is not important.) 

NOTE: These markings apply also to line-to-
grid and tube-to-line t ransformers. 

Loudspeaker Voice Coils 

Green — finish. 
Black — start. 

Loudspeaker Field Coils 

Black and Red — start. 
Yellow 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 Red Striped 

2) High-Voltage Plate Winding  . Red 
Center-Tap . Red and Yellow Striped 

3) Rectifier Filament Winding Yellow 
Center-Tap. . Yellow and Blue Striped 

4) Filament Winding No  1  . Green 
Center-Tap. . Green and Yellow Striped 

5) Filament Winding No  2  Brown 
Center-Tap. Brown and Yellow Striped 

6) Filament Winding No. 3 Slate 
Center-Tap.. . Slate and Yellow Striped 



CHAPTER 19 

Eliminating Broadcast 
Interference 
It is the duty of every amateur to make sure 

that the operation of his station does not re-
sult in annoyance to others in the form of 
interference with broadcast reception, police 
and aviation radio, or any other radio service. 
The nature of this duty is twofold: First, the 
amateur does not want to jeopardize his own 
right to be on the air, and second, he does not 
want to place amateur radio as a whole in an 
unfavorable light with the public, or with 
other radio services. 

FCC Regulations 

The FCC has formulated certain regulations 
pertaining to interference, as follows: 

*12.152. Restricted operation. (a) If the operation of an 
amateur station cotises general interference to the reception 
of transmissions from stations operating in the domestic 
broadcast service when receivers of good engineering design 
including adequate selectivity characteristics 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 from 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 1 P.M., local time, upon the frequency 
or frequencies used when the interference is created. (h) In 
general, such steps as may be necessary to minimize inter-
ference to stations operating in other services may be re-
quired after investigation by the Commission. 

Needless to say, no amateur likes to have his 
operating hours curtailed by enforced " silent 
periods," and where interference exists, special 
efforts are necessary to eliminate the trouble. 

Interference with broadcast reception pro-
duces more than just a technical problem. 
There is a definite " public relations" aspect 
that requires tactful handling on the part of 
the amateur. Whether the amateur equipment 
is at fault or not, the broadcast listener is 
usually unfamiliar with the technical side of 
radio, and with amateur radio itself, and there-

- fore cannot understand readily that his own 
receiver may be contributing its share to the 
trouble. It is only natural that the broadcast 
listener has a certain amount of pride in his 
receiver, and often he is not easily convinced 
without tactful, polite instruction by the 
amateur. Thus, the amateur who is confronted 
with BCI usually faces, in addition to the 
technical problem, a public relations problem 
that must be solved if he is to live in harmony 
with his neighbors. Both the public relations 
problem and the technical problem can be 
solved if the right approach is used. 

Public Relations Aspect 

There must be a spirit of cooperation be-
tween the amateur and the listener if a satis-
factory solution to any BOL problem is to be 
obtained. The FCC recognizes this fact, and in 
cases where complaints are received, two 
letters are written, one to the amateur, the 
other to the complainant. The amateur is 
directed to investigate the complaint, and to 
file a written report of the steps he has taken 
to eliminate the difficulty. The complainant 
is informed that the amateur has been re-
quested to investigate, and is asked to co-
operate with the amateur in the solution of 
the problem. The listener is informed that 
interference is not always the fault of the 
amateur, but may exist because of deficiencies 
in his own receiver, and is told what steps he 
is expected to take in coeperating with the 
amateur. The FCC offers technical assistance 
in solving stubborn cases, requesting from the 
listener a description of the circuits of his re-
ceiver. In every instance, both the amateur 
and the listener are informed that cooperation 
between them is required. The amateur should 
never merely assume that the broadcast re-
ceiver is at fault, but should first determine 
that his own station is operating in full com-
pliance with FCC regulations. Once he is 
certain of this, he should attempt to secure the 
cooperation of the listener in making whatever 
adjustments and changes are necessary to 
eliminate the interference. 

• SOME "DOs" AND 'DON'Ts" 
Experience has shown that observance of a 

few simple diplomatic precepts will go a long 
way toward smoothing the ruffled dispositions 
that are encountered in BCI difficulties. 

Prompt Action 

Do something to show the listener that you 
are concerned for his welfare as soon as a com-
plaint is received. The average person will tol-
erate a limited amount of interference, but no 
one can be expected to put up with frequent 
and extended interruption of his listening 
pleasures. The sooner you take steps to elimi-
nate the interference, the more agreeable the 
listener will be; the longer he has to wait for 
you, the less willing he will be to cooperate. 

509 
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Don't Hide Your Identity 

If a listener thinks that you are " trying to 
get away with something" he will not only be 
unwilling to cooperate, but may be actively 
hostile. As a general rule, whenever you change 
location, or mode of transmission, or increase 
power, or put up a new antenna, check with 
your neighbors to make sure that they are not 

NEVERTZ`ti 

To HIVE YOUR. 
ID î' 

experiencing interference. Announce your pres-
ence and conduct occasional tests on the air, 
requesting anyone whose reception is being 
spoiled to let you know about it so that you 
may take steps to eliminate the trouble. 

Check Your, Transmitter 

Before visiting a complainant check your 
transmitter thoroughly to make sure that it 
is free from such things as parasitic oscilla-
tions, key clicks, spurious sidebands arising 
from overmodulation, and other effects that 
might result in radiation on frequencies not 
assigned to amateurs. Only when you know 
your transmitter is " clean" can you approach 
a complainant with confidence. 

Solve the BCI problem in your own home 
first! It is always convincing if you can say — 
and demonstrate, if necessary — that you do 
not interfere with broadcast receivers in your 
own house. 

Present Your Story Tactfully 

Put yourself in the listener's place. He has 
a right, he believes, to interference-free recep-
tion of the broadcast programs he likes. When 
you interfere, his natural reaction is to assume 
that you are t he one at fault. W hen you call on 
him, explain that you do not operate on the 
frequencies to which he wants to listen, and 
the real trouble is that you and he happen to 
be located so close to each other. Explain to 
him that there are thousands of stations 
operating simultaneously, all the time, and 
that the problem of rejecting all but the one 
he happens to want to hear is one of receiver 
design. Point out that the average broadcast 
receiver is made to sell as cheaply as possible, 
and that features that would prevent interfer-
ence from 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 ran be cleared up by a 
wavetrap. In other eases the wiring of the re-
ceiver itself is picking up your signal, and such 
cases can be cured only by suppressing this 
unwanted pick-up in the receiver itself; in 
other words, some modifications will have to 
be made in the receiver if he is to expect inter-
ference-free reception. Arrange to try a test 
with a wavetrap, if there is a chance that the 
type of interference experienced will respond 
to such treat ment. 

Avoid Working on the Receiver 

If your tests show that the fault has to be 
remedied in the receiver itself, do not offer to 
work on the receiver. It is not your fault that 
the receiver design is defective. Recommend 
that the work be done by a reliable service-
man, and offer to advise the latter as to the 
cause and cure if necessary. 

It is inadvisable to tackle broadcast receiv-
ers, particularly the midget varieties, unless 
you have had experience working on them. 
In any event, if you do work on the receiver 
yourself the chances are that if anything goes 
wrong later on you'll be blamed for it. Explain 
that, while you may be technically competent 
to make the necessary modifications, radio 
servicing is best left to those who specialize in 
it, and that you are sure he, the owner, will 
prefer to have the work done by someone 
whom he can hold responsible. 

If the owner of the receiver obviously pre-
fers to have you make the modifications, do so 
only with the understanding that it is purely 
as a favor and because you are anxious to co-
operate. Make him understand, with as much 
tact as possible, that the responsibility for the 
interference does not lie with you (your trans-
mitter having previously been checked and 
found O.K.); if the receiver responds to fre-
quencies to which it is not tuned that is a 
defect in its design. You also have no obliga-
tion to pay for having the receiver modified. 
If you do the work yourself you should not 
make any charge, of course. In that event, 
insist that you must take the receiver to your 
own shop in order to work on it properly; you 
will be able to tell immediately whether the 
changes you make effect an improvement arid 
therefore can work noire rapidly and conven-
iently — and without t tinting the owner's 
living room into a repair slap. If it is necessary 
to do some work in the listener's home, be 
neat in the work you do. Remember, the listen-
er's living room cannot be treated in the same 
manner you would treat your own ham shack! 

• RADIO CLUB BCI COMMITTEES 
Organized amateur radio clubs can do a lot 

to pave the way toward coiiperation between 
individual amateurs and the broadcast listen-
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ers. Most clubs maintain an interference com-
mittee, charged with handling both the public 
relations and the technical aspects of BCI. 
Through such committees, mutual technical 
assistance is made available to all members of 

the club, so that those less qualified can have 
the benefit of the experience of others. The 
committee should also maintain contact with 
the local radio servicemen, supplying them 
with information and technical assistance 
whenever possible. Where needed, the com-
mittee can maintain valuable contacts with 
the local newspapers and other authorities to 
provide the right kind of publicity for the 
efforts of individuals or groups who are trying 
to clear up BCI problems. 
The Communications Department of the 

AR It I., as one of its services to affiliated clubs, 
has prepared material suggesting various ways 
in which local clubs can form interference 
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. 

Technical Aspects of BCI 

There are no hard-and-fast rules that can be 
applied as certain cures for all cases of BCI. 
The great number of different types of broad-
cast receivers that have been produced make 
it necessary for the amateur to apply one 
remedy for one set, and another for a different 
set. There are, however, a few generalizations 
that will be of assistance in most cases. A 
knowledge of some of the types of interference, 
and the general methods required to eliminate 
them, will enable the amateur to avoid much 
tedious cut-and-try procedure, and will lead 
to a rapid appraisal of the situation when 
interference arise, 

Improper Transmitter Operation 

An amateur transmitter can create BCI if 
it is not operating properly. In c.w. trans-
mitters, key clicks and spurious emissions are 
the usual sources of trouble. In 'phone trans-
mitters overmodulation, parasitic oscillations 
that occur only under modulation, and low-
frequency parasitic oscillations are often the 
source of trouble. In some instances, an un-
balanced antenna system can cause BCI. In 
any event, the amateur must be certain that 
none of these faults exists within his own sta-
tion before he can assume that the " blame" 
for the interference can be placed on the 
broadcast set. The methods of determining 
when improper operating conditions exist are 
discussed in detail in Chapters Six and 
Nine. 

Types of Interference 

BCI can usually be classified as one of two 
types. It is either tunable, appearing only at 
certain spots on the receiver dial, or it is un-
tunable, appearing throughout the entire 
tuning range. The tunable type is usually en-
countered only when the transmitter frequency 
is low enough to permit the amateur signal to 

beat against one of the harmonics of the oscil-
lator in the broadcast set. In most cases, this 
type is encountered only by stations operat-
ing in the 3.5- to. 4-Mc. band. The untunable 
type may be encountered by almost any 
transmitter, regardless of frequency, but is 
generally restricted to receivers within the 
immediate area of the transmitter and its 
antenna. Within these classifications, several 
variations may be encountered, the general 
nature of which is described below. 

Blanketing 

The interference takes the form of an un-
t unable signal that partially or completely 
masks all other signals on the broadcast re-
ceiver. In the case of a c.w. transmitter, each 
time the key is pressed, all broadcast signals 
disappear or are reduced greatly in amplitude. 
If the transmitter is amplitude-modulated, 
each time the carrier is turned on, the same 
"washout" occurs, and the voice modulation 
is usually severely distorted. 

Blanketing is usually encountered only 
when the transmitting antenna and the re-
ceiver are close together. Several things may 
be done to reduce this form of interference: 
(1) The receiving antenna may be relocated 
so that it picks up less energy from the trans-
mitter. If possible, orientate the two wires at 
right angles to each other. (2) The receiving 
antenna may be shortened. If it is of such 
length that it approaches resonance at the 
transmitter frequency, it will act as a tuned 
circuit, applying a signal of relatively great 
amplitude to the receiver. (3) If the receiver is 
located in a metropolitan area served by sev-
eral powerful stations, satisfactory reception 
may be obtained with an indoor antenna a few 
feet long. (4) Wavetraps tuned to the operat-
ing frequency of the transmitter may be in-
stalled between the receiver and its antenna. 
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Superheterodyne Interference 
This type of BCI is tunable, appearing only 

at certain points on the receiver dial. If one of 
these points happens to fall within audio range 
of a desired broadcast station, a " birdie" will 
result. The interference may be noticed at 
several points on the dial, but these points will 
usually bear a definite relationship to one an-
other, as they are all the result of the amateur 
signal beating with a harmonic of the oscilla-
tor in the broadcast set to produce a difference-
frequency signal that is within the passband 
of the i.f. stages of the receiver. In rare in-
stances, an amateur signal will beat with the 
signal from another near-by transmitter, either 
amateur or commercial, to produce what is 
called a " phantom" signal. Naturally, the 
phantom will appear only when both stations 
are transmit t jug at the same time. Interference 
of the superheterodyne type can sometimes be 
eliminated by wavetraps tuned to the fre-
quency of the interfering signal. In stubborn 
cases, however, it may be necessary to improve 
the shielding of the oscillator stage in the 
receiver, or to change the operating frequency 
of the transmitter to shift the difference-
frequency product away from the points where 
it interferes with local broadcast. stations. 

Cross-Talk 

In this type of interference, the amateur 
signal is heard superimposed on each broad-
cast signal, with no interference noticeable 
between stations. This type is experienced 
mainly in older receivers having poorly-
shielded input, stages. It is seldom experienced 
in receivers using a variable-p tube in the 
input stage. If it is not possible to install such 
a tube in the set, shielding the input stage 
and the wiring associated with it will usually 
reduce the interference. A wavetrap, tuned to 
the frequency of the amateur signal, will also 
be useful in eliminating this type of Bel. 

Stray Receiver Rectification 

This type is perhaps the most frequently en-
countered in present-day receivers. It is un-
tunable, with the amateur signal being heard 
at all settings of the receiver dial. It is caused 
by rectification of the amateur signal at some 
point within the receiver, and is found usually 
in sets located close to a transmitter. The 
rectification can take place in the second de-
tector, or in the audio system. Its elimination 
can be accomplished only after determining 
just where the signal is entering the set, and 
then finding out which tube, or tubes, are 
doing the rectification. This can be deter-
mined by removing one tube at a time until 
one is found that eliminates the interference. 
Details concerning this method are discussed 
under the heading " Tracking Down Interfer-
ence" in a later portion of this chapter. Once 
the offending tube has been located, the r.f. 
energy may be eliminated by any one of the 
methods shown under the same heading. 

Power-Line Pick-Up 

In some cases BCI is caused by r.f. energy 
entering the broadcast set through the a.c. 
power lines. In most instances, the r.f. gets 
into the lines because the transmitting an-
tenna runs close to the a.c. lines, but in some 
cases, the r.f. may be forced back into the line 
through the power supply of the transmitter. 
This is usually caused by unbalance in the 
transmitting antenna system, and is especially 
prevalent with Marconi and end-fed Hertz 
systems. It may also be caused by poorly 
choked and by-passed supply leads in the 
r.f. sections of the transmitter. The method of 
entry into the lines may be determined by 
operating the transmitter into a dummy load. 
If the interference disappears when this is 
done, but is present when the transmitter is 
operated with its antenna, it is certain that 
the antenna system is the cause of the trouble, 
either in being unbalanced, or because it runs 
close to a.c. lines. Elimination of Bd I of this 
type can be accomplished by redesign or relo-
cation of the antenna system, or by the use of 
line filters at the receiver power source. Line 
filters are discussed under a separate heading 
below. 

V.H.F. Interference 

Most BCI caused by stations operating at 
frequencies higher than 28 Mc. is of the type 
discussed under " Stray Receiver Rectifica-
tion" above, and is attributable to the fact 
that the higher-frequency signals are more apt 
to be picked up by the receiver circuits them-
selves than are signals from lower-frequency 
transmitters. Similar methods may be used to 
eliminate such interference, but in some cases, 
an a.c. line filter designed for the operating 
frequency and installed at the power input 
plug of the receiver is the only cure. 

Interference with Television Reception 

Severe distortion of the televised image, or 
even complete blanking of the 'scope screen, 
can result when a transmitter is operated in 
the immediate vicinity of a television receiver. 
Not a great deal of information is available at 
the present time, but the experience of several 
amateurs indicates that by far the greatest 
number of TVI cases is the result of har-
monic radiation from the amateur-transmitter. 
A chart showing the harmonic relation of 
several of the amateur bands to the currently-
used television channels is shown in Fig. 19-1. 
The reduction of harmonic radiation is dis-
cussed in Chapter Ten. It is also possible that 
TVI can be caused by appearance of an ama-
teur signal in the video stages of the television 
receiver. These stages are comparable to the 
audio stages of a broadcast set, but with ex-
tremely-broad frequency characteristics, be-
cause the video stage must be capable of am-
plifying frequencies all the way through the 
audio range and up to 3.5 or 4 Mc. Thus, a 
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signal from a transmitter operating in the 
3.5-Mc, band could easily be amplified if it 
were to get into the video channel. In such 
cases, it is probable that the interfering signal 
is entering through the power lines, or by 
direct pick-up to the wiring of the video stages. 
Fortunately, good shielding is required in the 
video stages of television receivers, so inter-
ference of this sort is not apt to be severe, and 
should be reduced by a.c. line chokes in most 
cases. No general solution to the TVI problem 
is known at this writing, but reduction of har-
monic radiation seems to be productive of 
best results. Additional information concern-
ing TVI will be published in QST as progress 
is made. 

• TRACKING DOWN AND ELIMINATING 
INTERFERENCE 

A certain amount of cut-and-try is neces-
sary in the tracking down and elimination of 
BCI, but there are several short-cut procedures 
that can be used to keep the time required to a 
minimum. .The assistance of another licensed 
amateur who can operate your transmitter 
while you conduct tests at the location of the 
broadcast receiver will save much time and 
eliminate the misinterpretation that almost 
always follows when the results of tests are 
reported to the amateur by someone who is 
unfamiliar with the " symptoms" and the 
effects being looked for. The procedure out-
lined below will save valuable time in getting 
at the source of the trouble and in satisfactorily 
eliminating it. 

1) Determine whether the interference is 
tunable or untunable. This will usually indi-

cate the methods required for elimination of 

the trouble, 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) Disconnect the antenna from the set, 
turn the volume control up full, and see if the 
interference disappears. If it does, it is merely 
necessary to prevent the r.f. appearing on the 
antenna from entering the set. Wavetraps and 
low-pass filters should be tried, and if they 
produce marked reduction in the amplitude of 
the interfering signal, but some is still present, 
try relocating the receiving antenna. It should 
be placed as far as possible from the trans-
mitting antenna, and should run at right 
angles to it to minimize coupling. If the inter-
ference persists even after the antenna is dis-
connected, the search is narrowed to an inves-
tigation of whether the signal is coming in on 
the power lines, or is being picked up directly 
on the receiver wiring. 

3) Check for power-line interference by us-
ing a sensitive wavemeter such as that 
described in Chapter Sixteen of this Handbook 
to probe 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-eifd. mica condensers at the 
point where the line cord enters the set. If this 
does not completely eliminate the interference, 
try a line filter designed 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 somewhat if the interference is to 
be eliminated. As suggested before, recom-
mend that the actual work be done by a radio 
serviceman. Offer to check into the cause your-
self, if he wishes and will allow you to take the 
set to your shop (with the understanding that 
you will not make any changes in the receiver 

Diduter-Ist. audio 
12507 or equivalent 

(A) 

Detector — lit aud io 
1251)7 or equlvalent 

Fig. 19-2 — 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 megohrns, and 
a mica by-pass condenser is added. At B, both grid and 
cathode are by-passed. 
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Detector-1st audio 
12507 or equivalent 

7S000.11 

Insert between grid 
and all other 

god connections 

Fig. 19-3 — Using a 75,-
000-ohm resistor to form 
a low-pass filter with the 
tube capacitance. The 
resistor must be mounted 
at the tube pin, between 
the grid and all other 
grid connections. 

without his express permission) so the service-
man 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 the volume 
of the interference changes with changes in the 
volume control, 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. 

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, and it 
may be necessary to shield thoroughly several 
parts of the set before the interference is 
eliminated completely. 

8) If the pick-up is found to be in the audio 
system — as is the case in many sots, 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 Fig. 19-2A and 

B. Fig. 19-2A is a method that has proved suc-
cessful with .many a.c.-d.c. midget receivers. 
Both sides of the a.c. line are by-passed to 
ground with 0.001-µfd. mica condensers, and 
the value of the grid leak in the combined 
detector/first-audio tube (usually a 12SQ7 or 
its equivalent) is reduced to 2 or 3 megohms. 
The grid is then by-passed for r.f. with a 250-
eteifd. mica condenser. Fig. 19-2B is a similar 
method. A third method that has worked in 
a.c.-d.c. receivers requires only that the heater 
of the detector/first-audio stage be by-passed 
to ground with a 0.001-pfd. condenser. The 
method shown in Fig. 19-3 uses a 75,000-ohm 
3/2-watt resistor to form, with the tube capaci-
tance, a low-pass filter. The resistor is con-
nected between the grid pin of the audio stage 
and all other wires connected to the grid. 

An 

I nd 

Fig. 19-5— A simple wavetrap circuit. L and C must 
resonate at the frequency of the interfering signal. 
Suitable constants are tabulated below. 

Band 

ao 
ao 
20 
10 

140 gpfd. 
100 ggfd. 
50 ggfd. 
25 µdd. 

16 gh., 32 turns #22. I" diam., 1" long 
6 19 #22, 1" 1,/ 

3.5 11 #18, 1" 1r, 
1.5 9% #18, 1" 

Interference with T.R.F. Receivers 

Although few t.r.f. receivers are still in use, 
an occasional set will be found. Interference in 
these sets is almost always caused by inade-
quate shielding of the detector stage. Enclos-
ing the tube in a shield, and shielding the 
wiring to the stage, should eliminate the 
trouble. 

Fig. 19-4— Two examples of simple wave. 
traps. In the unit on the left, a 2-meter r.f. 
choke (Ohmite Z-0) is used with a 50-mgfd. 
variable condenser shunted by a 22-pafd. mica 
condenser to form a trap for the 14-Mc. band. 
The larger unit on the right uses a 32-turn 
"Miniductor" (B & W) with a 100-µpfd. vari-
able condenser shunted by a 67-mufd. mica 
condenser to cover the 3.5- to 4-Mc. range. 
Both units are bracket-mounted with provi-
Edon for mounting within the cabinet of a 
broadcast receiver. The circuit is shown in 
Fig. 19-5. 
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• WAVETRAPS 

lu its simplest form, a wavetrap consists of 
a parallel-tuned circuit that is connected in 
series with the broadcast antenna and the an-
tenna post of the receiver. It should be de-
signed to resonate at the frequency of the in-

Fig. 19-6 — Combination of paral-
lel-tuned and series-tuned wave. 
traps to obtain greater attenuation 
of the interfering signal. Values for 
LC are the same as those listed 

Ant below Fig. 19-5. 

Gnd. 

r 
terfering signal. The circuit of a simple trap is 
shown in Fig. 19-5. If multiband operation is 
necessary, several traps may be connected in 
series, each tuned to the center of one of the 
bands in which operation is contemplated. A 
more elaborate form is illustrated in Fig. 19-6, 
in which a combination of a parallel-tuned cir-
cuit and a series-tuned circuit is used. To ad-
just the wavetrap, have another licensed ama-
teur operate the transmitter while you tune 
the trap for maximum attenuation of the inter-
ference. The trap should be connected to the 
broadcast receiver and the normal receiving 
antenna should be connected in series with the 
trap, as shown in Figs. 19-5 or 19-6. 

• A.C. LINE FILTERS 
An a.c. line filter usually consists of two 

r.f. chokes each having an inductance of 10 
mh. or so, connected as shown in Fig. 19-7 and 
by-passed for r.f. The entire trap should be 
enclosed in a shield can, and the components 
used should be large enough to carry the full 
current drawn by the power supply. For traps 
to be installed in the power lead to a small re-
ceiver, No. 16 wire will be adequate but for 
traps designed to be used ahead of a trans-
mitter power supply, larger wire must be used, 
in keeping with the current requirements of 
the supply. 

Ar L,  
0 Qj 

QOQS)1-----e) 

Fig. 19-7 — An a.c. line filter. A single condenser tunes 
both Li and L2, which are unity-coupled, one wound on 
top of the other. Constants for amateur bands are 
tabulated below. 

Band C LI - L2 

80 

40 
20 
10 

140 + 150 
(fixed) 

110 , dd. 
100 pmfd. 
25 µdd. 

25 t. No. 18 insulated, 1h" dia. X 2h" lg. 

18 t. No.18 insulated, 1h" dia. X 2h" lg. 
12 t. No. 18, l3" dia. X 2h" lg. 
9 t. No. 18, 1h" dia. X 2h" lg. 

Insulated, stranded wire should be used for all coils. 



CHAPTER 20 

Operating a Station 
The enjoyment of our hobby usually come,' 

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. We have taken every 
bit of care that was possible in constructing our 
transmitter, receiver, frequency-measuring and 
monitoring equipment, and in erecting a suit-
able antenna system. Unless we use good 
judgment and care in operating our stations, we 
shall fall far short of realizing the utmost in 
results achieved. More than this, unless we do 
the right thing, we may interfere with other 
stations or delay their work, thus acquiring a 
bad reputation. Occasionally you will pick up 
an amateur whose method of operating is so 
clean-cut, so devoid of useless effort, so snappy 
and systematic, that your respect is gained and 
it is a pleasure to listen and work with him. 
One benefits proportionately from what one 
puts into amateur radio, so make the most of 
your hobby in the time and opportunities 
given you. 
For best results, the transmitter should be 

adjusted for stable, satisfactory operation on 
several amateur frequencies. Known settings 
for definite frequencies will enable the operator 
to change frequency quickly at any time. 
Whenever such a change is made, be sure to 
check the transmitter frequency accurately. 
There is absolutely no excuse for a station oper-
ating off frequency. Any frequency calibrations 
should be checked often to guard against 
variations. 
The operator and his methods have much to 

do with limiting the range of the station. The 
operator must have a good " fist," or good 
voice procedure. He must have patience and 
judgment. Some of these qualities in operating 
will make more station records than many kilo-
watts of power. Engineering or applied com-
mon sense is as essential to the radio operator 
as to the experimenter. Do not make several 
changes in the transmitter or receiver hoping 
for better results. Make one change at a time 
until the basic trouble or the best adjustment 
is found. 
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 important for 
the operator who uses voice. 

• TOLERANCE AND COURTESY 
None of us particularly enjoys working 

through interfering signals. As amateurs we 
have always had the " interference problem." 
It's nothing new. We accept it as a part of 
operation. We have eased the situation to a con-
siderable extent by using VFOs and crystal 
filters in our receivers. That's part of the 
solution. 

In amateur radio, each amateur may operate 
on any frequency he chooses in any amateur 
band, provided he abides by the existing regula-
tions. No amateur or group of amateurs has 
any exclusive claim to any frequency in any 
band. We must work together, each respecting 
the rights of the other. .QRM is often unavoid-
able. We occasionally find ourselves on the fre-
quency used by another station. " Who was 
there first?" or " Whose communication is most 
important?" doesn't enter the picture. In bona 
fide emergency communications the station not 
engaged in emergency work must of course 
move from the frequency, or QRT. That is in 
the tradition of amateur radio. FCC in its 
declarations of emergency requires stations not 
engaged in bona fide handling of emergency 
communications to remain silent or go to other 
than useful emergency frequencies. 
Our 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 or 
states, still others get on for an occasional con-
tact to check a new rig or new antenna. " Why 
do they have to run a traffic net on my fre-
quency? " ; " What's the idea of chewing the rag 
on a traffic-net frequency?"; " Why do these 
eggs have to use my frequency for their contest 
QS0s?"; etc. We have heard such expressions, 
and more! Each amateur should be tolerant of 
the other fellow's interests. He should exercise 
operating courtesy and common sense. 

Before putting the transmitter on the air, listen 
on your own frequency. If you hear a trunk line 
or traffic net in operation on the frequency you 
intend to use, or if you hear any stations rag-
chewing or conducting any form of communica-
tion on that frequency, stand by until you are 
sure no QRM will be caused by your operations, 
or shift to another frequency. Remember, those 
other chaps can cause you as much QRM as 
you cause them, sometimes more! The major-
ity of amateurs own more than one crystal, 
many have VFO. It is not always necessary to 
stick to a single operating frequency. 

516 
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Spend some time listening on all the frequen-

cies you use for transmitting. You soon will learn 
what uses other amateurs are making of those 
spots. If you find, for example, that a net 
meets on one of the frequencies you use, or 
someone uses it for a regular schedule, you will 
soon learn the time that the net or schedule 
operates, and will be able to cooperate to avoid 
a conflict. It has become quite general operat-
ing procedure these days to work stations on or 
near your own frequency. This practice will 
automatically assist in reducing interference. 

If we will each do our part to operate with 
tolerance and consideration, avoiding an atti-
tude of running roughshod over other operators, 
we will do much to make ham operating more 
productive and enjoyable for ourselves as well 
as the other fellow! 

• C.W. PROCEDURE 
Official ARRL stations, both those using 

voice and c.w., observe the rules regarded as 
"standard practice" carefully. Any actively-
operating c.w. stations will do well to copy 
these rules, and follow them when operating. 

Calling Stations 

1) Calls: The calling station shall make the 
call by transmitting not more than three times 
the call signal of the station called and the 
word DE, followed by its own call signal sent 
not more than three times thus: W6EY W6EY 
W6EY DE W1AW W1AW W1AW. In ama-
teur practice this procedure may be expanded 
somewhat. The call signal of the calling station 
must be inserted at frequent intervals for iden-
tification. Repeating the call of the called sta-
tion five times and signing not more than 
twice (repeating not more than five times) has 
proved excellent practice. 
CQ: The general-inquiry call (CQ) should be 

sent not more than five times without inter-
spersing one's station identification. The length 
of repeated calls is carefully limited in intel-
ligent amateur operating. CQ is not to be used 
when testing or when the sender is not expect-
ing or looking for an answer. 
The special abbreviations indicating from 

what part of the band tuning will start after 
a CQ are helpful in making your procedure 
known to the receiving operator. 

HM — Will start to listen at high-frequency end of band 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-frequency end of band and 
tune toward middle of band. 

ML — Will start to listen in the middle of the band and 
tune toward the fou-frequency end. 
Example: If the procedure will be to tune 

from the middle of the band to the high end, a 
CQ call goes: CQ DE W6RBQ MH K. 

The directional CQ: To reduce the number 
of useless answers and lessen QRM, every CQ 
call should be made informative when possible. 
Stations desiring communication should fol-

low each CQ by an indication of direction, dis-
trict, state, or the like. 

Examples: A United States station looking 
for any Hawaiian amateur calls: CQ K8 CQ K8 
CQ K8 DE W4IA W4IA W4IA K. A Western 
station with traffic for the East Coast when look-
ing for an intermediate relay station calls: CQ 
EAST CQ EAST CQ EAST DE W5IGW 
W5IGW W5IGW K. A station with messages for 
points in Massachusetts calls: CQ MASS CQ 
MASS CQ MASS DE W7CZY W7CZY 
W7CZY K. In each example indicated it is un-
derstood that the combination used is repeated 
three times. 

Hams who do not raise stations readily may 
find that their sending is poor, their calls ill-
timed or judgment in error. When conditions 
are right to bring in signals from the desired 
locality, the way to raise stations is to use the 
appropriate frequency and to call these stations. 
Reasonably short calls, with appropriate 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 without being 
certain that the call is intended for it, QRZ? 
may be used. It means " By whom am I being 
called?" QRZ should not be used to replace CQ. 

3) Ending Signals and Sign-Off: The proper 
use of AR, K, KN, 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 W8ABC W6ABC DE 

W9LMN W9LMN W9LMN AR. Also at the 
end of transmission of a radiogram, immedi-
ately following the signature, preceding iden-
tification. 

K — Go ahead (any station). Recommended after CQ 
and at the end of each transmission during QS° when there 
is no objection to others breaking in. 

Example: CQ CQ CQ DE W1ABC W1ABC 
W1ABC K or W9XYZ DE W1ABC K. 

— Go ahead (specific station), all others keep out. 
Recommended at the end of each transmission during a 
QSO, or after a call, when calls from other stations are not 
desired and will not be answered. 

Example: W4FGH DE XU6GRL KN. 

SK — End of QS0. Recommended before signing /asi 
transmission at end of a QS0. 

Example: . . . SK W8LMN 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 W7HIJ DE W2JKL CL. 

4) Test Signals used triadjust a transmitter 
or at the request of another station to permit 
the latter to adjust receiving equipment usually 
consist of a series of Vs with the call signal of 
the transmitting station at frequent intervals. 

5) Receipting for conversation or traffic: 
Never send acknowledgment until the trans-
mission has been entirely received. " R" means 
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" All right, OK, I understand completely." Use 
R only when all is received correctly. 

6) Repeats: When most of transmission is 
lost, a call should be followed by correct ab-
breviations to ask for repeats. When but a few 
words are lost the last word received correctly 
is given after ?AA, meaning that " all after" 
this should be repeated. ?AB for " all before" a 
stated word should be used if most of the first 
part of the copy is missing. 7BN  and 
  (two stated words) asks for a fill " be-
tween" certain sections. If only a word or two 
is lost this is the quickest method of getting it 
repeated. 
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. Message-handling practices 
and procedure are discussed in another chapter. 

General Practices 

When a station has receiving trouble, 
the operator 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 
P.M."). A long dash for " zero" is in common 
use. Figures are spelled out in texts, for highest 
accuracy. NFT for " no filing time" is common. 
The law concerning superfluous signals 

should be noted carefully by every amateur. 
Do not hold the key down for long periods when 
testing. If you must test, disconnect the an-
tenna system and use an equivalent "dummy" 
antenna. Send your call frequently when oper-
ating. Pick a time for adjusting the station 
apparatus when few stations will be bothered. 
Long calls after communication has been 

established are unnecessary and inexcusable. 
The up-to-date amateur station uses " break-in." 
The best sending speed is a medium speed with 
the letters quickly formed and sent evenly 
with proper spacing. The standard-type tele-
graph key is best for all-round use. Before any 
freak keys are used, a few months should be 
spent listening-in and practising. Regular 
daily practice periods, two or three half-hour 
periods a day, are best to acquire real familiar-
ity and proficiency with code. 
No excuse can be made for a " garbled" 

text. Operators should copy what is sent and 
refuse to acknowledge messages until every 
word has been received correctly. Good opera-
tors never guess. "Swing" in a fist is not the 
mark of a good operator, is undesirable. Un-
usual words are sent twice, the word repeated 
following transmission of " 7" If not sure, good 
operators systematically ask for fills or repeats. 

Don't say, " QRM" or " QRN" when you 
mean 

Don't acknowledge any message until you 
, have received it completely. 

Don't CQ unless there is definite reason for 
so doing. When sending CQ, use judgment. 
Sign your call frequently, interspersed with 
calls, and at the end of all transmissions. 

CHAPTER 20 

Speed-Key Adjustment 

Manual skill can be acquired only by prac-
tice, but no amount of practice will produce ac-
curate sending if the key itself is improperly 
adjusted. The adjustment of a straight key is 
discussed in Chapter One and the requirement 
for proper adjustment is likewise important in 
using a " bug" or speed-key. Contact points 
should be carefully cleaned using a burnishing 
tool or crocus cloth from time to time. If 
pitted, an initial dressing-off with an oilstone 
may be necessary. 
Make sure that the movable and fixed dot 

contact points are parallel and have good con-
tact over their entire surface. The pivot bear-
ings should be adjusted so that no play can be 
felt when finger pressure is applied vertically to 
the shaft at its outer end. 

For the preliminary adjustments, the weights 
should be at least halfway down the shaft. For 
a given speed, the exact position will vary con-
siderably with the stiffness of the flat spring. 
Back off the horizontal adjusting screw until 

the end of the shaft is resting against the 
damper weight. Apply pressure to the thumb 
paddle moving the shaft slowly toward the dot 
side, without allowing it to vibrate. If the ad-
justment is correct, the entire shaft will remain 
straight as it leaves the stop screw and the 
damper weight. The stop screw should be 
backed out as far as possible to allow good 
damping action by the damper weight without 
bending the flat spring when the thumb paddle 
is pressed slowly to the dot side. 

Again press the shaft to the dot side without 
allowing it to vibrate. Vary the left-side stop 
screw until there is about A inch between the 
side of the shaft and the damper weight. This 
determines the total swing of the shaft. The 
exact amount is a matter of personal prefer-
ence, but the Vs-inch separation will be satis-
factory to most operators. The swing should 
not be much greater or less than this figure. 
The dash adjustment is made by varying the 

contact screw until the operating paddle moves 
the same distance to the left of center to make a 
dash as it moves to the right to make dots. If 
the paddle travel is excessive on the dash side, 
choppy sending is almost sure to result with 
spaces too wide between successive dashes. If 
the travel is too small, the dashes may be 
insufficiently spaced. 
The coil springs should have about the same 

tension. The spring should return the shaft 
quickly and positively from the dot side to the 
rest position against the damper. The dash 
spring is then adjusted to a corresponding ten-
sion. Operators of fixed stations will generally 
prefer a comparatively light adjustment to 
minimize arm fatigue. Flight and marine opera-
tors like a rather stiff adjustment to com-
pensate for ship motion. 
The length of a dot should be equal to the 

space between dots. If the paddle is held to the 
dot side, a series of at least 15 to 20 dots will be 
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made with most " bugs" before there is any 
noticeable reduction in spacing between dots. 
If the dot adjustment is screwed in too far, a 
short series of heavy dots with very little 
separation will result. If the adjustment is 
screwed out too far, very light dots with ex-
cessive spacing will result. This adjustment is 
critical. 
Many "bugs" are set to make excessively-

fast dots. It will be found that most keys hav-
ing a normal stiffness in the flat spring can be 
operated at a speed of about 30 w.p.m. with 
both weights toward the outer end of the shaft. 
Most operators cannot properly control a 
"bug" if the dot speed exceeds 11 per-second. 
The rate at which your " bug" is adjusted can 
be determined by making a string of dots on 
recorder tape for 3 to 5 seconds, timing with a 
stop watch, and counting the dots. 
The milliammeter method of adjustment in-

volves connecting a battery (or any suitable 
source of d.c.), rheostat and milliammeter in 
series with the bug contacts. A typical set-up 
might use a 22 M-volt battery, a 1000-ohm 
rheostat and a 0-100 milliammeter. With the 
key contacts closed, adjust the rheostat at the 
start with all the resistance in the circuit (to 
avoid burning out the meter!) until the meter 
reads 100 ma. A string of dots is then pro-
duced with the " bug" and the average-current 
reading on the meter is noted. If the dots are 
too light, the reading will be less than 50 ma.; 
if too heavy, more than 50 ma. 

There is no point in making dots faster than 
the operator is able to make dashes to cor-
respond. The purpose of any telegraphic com-
munication is to convey intelligence. Mistakes 
in sending have no meaning and confuse the 
receiving operator. The time taken to repeat an 
incorrectly-transmitted word will result in a 
net loss in speed of about two words per minute 
on the average. Set your " bug" for a speed at 
which you can handle it easily and without an 
appreciable number of errors. 

Beginners with a " bug," and some old hands 
too, will. do well to imitate the 15 w.p.m. 
transmissions of W1AW or some press station 
using punched tape at moderate speed. Con-
fine your practice to an audio oscillator until 
you are able to send correctly for at least two 
or three minutes at a rate of 20 w.p.m. During 
the initial practice stages, the dots should be 
slowed down to not more than 6 per second. 
Every effort should be made at the start to 
achieve good control rather than speed. 

• USING A BREAK-IN SYSTEM 
If you aim to have the best, and every ham 

does, you will have break-in, whether of the 
push-to-talk or open-the-key variety. If you 
haven't the ideal installation yet, by all means 
take every advantage of the other fellow's 
facilities when break-in is offered! Break-in 
avoids unnecessarily long calls, prevents 
QRM, gives you more communication per hour 
of operating. Brief calls with frequent short 
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pauses for reply can approach (but not equal) 
break-in efficiency. 
A separate receiving antenna makes it possi-

ble to listen to most stations while the trans-
mitting tubes are lighted. It is only necessary 
with break-in to pause just a moment occa-
sionally when the key is up (or to cut the car-
rier momentarily and pause in a 'phone 
conversation) to listen for the other station. 
The click when the carrier is cut off is as effec-
tive 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, effective, efficient, 
enjoyable amateur work really requires but a 
simple switching arrangement in your station 
to cut off the power and switch 'phones from 
monitor to receiver. If trouble occurs the send-
ing station can " stand by" (QRX), or it can 
take traffic until the reception conditions at the 
distant point are again good. 

In calling, the transmitting operator sends 
the letters " BK" at frequent intervals during 
his call so that stations hearing the call may 
know that break-in is in use and take ad-
vantage of the fact. He pauses at intervals dur-
ing his call, to listen for a moment for a reply 
from the station being called. If the station be-
ing called does not answer, the call can be con-
tinued. If the station called answers someone 
else, he will be heard and the calling can be 
broken off. With full break-in, the transmitter 
may be remotely-controlled so no receiver 
switching is necessary. A tap of the key, and 
the man on the receiving end can interrupt (if a 
word is missed) since the receiver is monitor-
ing, awaiting just such directions constantly. 
But it is not necessary that you have such 
complete perfect facilities to take advantage of 
break-in when the stations you work are 
break-in-equipped. It is not intelligent han-
dling of a station or cooperation with an opera-
tor advertising that he has " break-in" with 
his calls, to sit idly by minute after minute of a 
properly-sent call. After the first invitation to 
break is given and at each subsequent pause, 
turn on your transmitter and tap your key — 
and you will find that conversation or business 
can start immediately. 

• VOICE OPERATING 
Voice work has become increasingly popular 

over the years. With the availability of new 
NFM equipment it will make additional prog-
ress. The use of proper procedure to get beet 
results is just as important as in using code. In 
telegraphy words must be spelled out letter by 
letter. It is therefore but natural that abbre-
viations and short-cuts should have come into 
widespread use; they make it possible to con-
vey intelligence faster. In voice work, how-
ever, abbreviations are not necessary, and 
should have no part in our operating procedure 
when using voice. 
The letter " K" has been agreed to in tele. 
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graphic practice so that the operator will not 
have to pound out the separate letters that 
spell the words " go ahead." The voice operator 
can more readily and understandably say the 
words " go ahead" or " over," or " come in 
please." 
One laughs on c.w. by spelling out the letters 

HI. Strangely enough, there are some voice 
operators who have never thought much about 
procedure who say HI or " Aitch eye" instead 
of actually laughing. Use a laugh when one is 
called for. Be natural as you would with your 
family and friends. 
The matter of reporting readability and 

strength is as important to 'phone operators as 
to those using code. With telegraph nomencla-
ture, it is necessary to spell out words to 
describe signals or use the abbreviated signal 
reporting system (RST . . . see Chapter 
Twenty-Four). Using voice, we have the ability 
to "say it with words." " Readability four, 
Strength eight" is the best way to give a 
quantitative report. Reporting can be done so 
much more meaningfully with ordinary 
words: " You are weak but you are in the clear 
and I can understand you, so go ahead," or 
" Your signal is strong but you are buried under 
local interference." Why not say it with words? 

Voice Equivalents to Code Procedure 
Voice Code Meaning 

Go ahead; over K Self-explanatory. 
Wait; stand by AS, QRX Self-explanatory. 
Okay it Receipt for a cor-

rectly-transcribed 
message or for 
"solid" transmission 
with no missing por-
tions. 

Repeat each word twice QSZ Self-explanatory. 
All after AA Repeat everything 

after   (word). 

I will repeat; I say IMI Repeating a difficult 
again word, phrase or ex-

pression. 

'Phone- Opera tin g Practice 

Efficient voice communication, like good 
c.w. communication, demands good operating. 
Adherence to certain points " on getting 
results" will go a long way toward improving 
our 'phone-band operating conditions. 

Use push-to-talk technique. Where possible 
arrange on-off switches or controls for fast 
back-and-forth exchanges that emulate the 
practicality of the wire telephone. This will 
help reduce the length of transmissions and 
keep brother amateurs from calling you a 
"monologuist" — a guy who likes to hear 
himself talk! 

Listen with care. Carelessness in listening is 
intolerable. If one has time to operate at all, he 
should look over his operating practices and 
"do it right." Noise and other diversions must 
not be permitted to interfere with the primary 
objectives in the operating room. 

Interpose your call regularly and at frequent 
intervals. Three short calls are better than one 
long one. In calling CQ, one's call should cer-

CHAPTER 20 

Voice-Operating Hints 

1) Listen before calling. 
2) Make short calls with breaks to 

listen. Avoid long CQs; do not answer 
any. 

3) Use push-to-talk. Give essential 
data concisely in first transmission. 

4) Make reports honest. Use defini-
tions of strength and readability for 
reference. Make your reports informa-
tive and useful. Honest reports and full 
word description of signals save amateur 
operators from FCC trouble. 

5) Limit QSO length. Two minutes or 
less will convey much information. 
When three or more stations converse in 
round tables, brevity is essential. 

6) Display sportsmanship and cour-
tesy. Bands are congested . . . make 
transmissions meaningful . . . give 
others a break. 

7) ( heck transmitter adjustment . . . 
avoid AM overmodulation and splatter. 
Do not radiate when moving VFO fre-
quency or checking NFM swing. Use 
receiver b.f.o. to check stability of signal. 
Complete testing before busy hours! 

tainly appear at least once for every five or six 
CQs. Calls with frequent breaks to listen will 
save time and be most productive of results. In 
identifying, always transmit your own call last. 
Don't say " This is W1A BC standing by for 
W2DEF"; say " W2DEF, this is W1ABC, 
over." FCC regulations require that the call of 
the transmitting station be sent last. 

Monitor your own frequency. This helps in 
timing calls and transmissions. Send when 
there is a chance of being copied successfully — 
not when you are merely " more QRM." Tim-
ing transmissions is an art to cultivate. 
Speak near the microphone. Don't let your 

gaze wander all over the station causing 
sharply-varying input to your speech ampli-
fier. Keep a proper distance from the micro-
phone, and keep an eye on any modulation in-
dicator used. Change distance or gain only as 
necessary to insure uniform transmitter per-
formance without overmodulation, splatter or 
distortion. 
Make connected thoughts and phrases. Don't 

mix disconnected subjects. Ask questions con-
sistently. Pause and get answers. 

Have a pad of paper handy. It is convenient 
and desirable to jot down questions as they 
come in the course of discussion in order not to 
miss any. It will help you to make intelligent 
to-the-point replies. 

Steer clear of inanities and soap-opera stuff. 
Our amateur radio and also our personal repu-
tation as a serious communications worker 
depend on us. 

Avoid repetition. Don't repeat back what the 
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other fellow has just said. Too often we hear a 
conversation 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 with some ice cream, okay . . . 
[etc.]." Just say you received everything OK. 
Don't try to prove it. 

Use phonetics only as required. When clarify-
ing genuinely doubtful expressions and in 
getting your call identified positively we sug-
gest use of the ARRL Phonetic List. Limit 
such use to really-necessary clarification. 
The speed of radiotelephone transmission 

(with perfect accuracy) depends almost en-
tirely upon the skill of the two operators in-
volved. One must learn to speak at a rate 
allowing perfect understanding as well as per-
mitting the receiving operator to copy down 
the message text, if that is necessary. Because 
of the similarity of many English speech 
sounds, the use of alphabetical word lists has 
been found necessary. All voice-operated sta-
tions should use a standard list as needed to 
identify call signals or unfamiliar expressions. 

ARRL Word List for Radiotelephony 

ADAM JOHN SUSAN 
BAKER KING THOMAS 
CHARLIE LEWIS UNION 
DAVID MARY VICTOR 
EDWARD NANCY WILLIAM 
FRANK OTTO X-RAY 
GEORGE PETER YOUNG 
HENRY QUEEN ZEBRA 
IDA ROBERT 

Example: WlEH . . . W 1 EDWARD 
HENRY. 

Round Tables. One of the most popular kinds 
of contact on the 'phone bands is the round 
table, in which several amateurs establish 
contact with each other and pass the conversa-
tion from one to another. The effect is some-
what the same as personal conversation in a 
group, with one important difference: the per-
son talking cannot be interrupted. The round 
table has many advantages if run properly. It 
clears frequencies of interference, especially if 
all stations involved are on the same fre-
quency, while the enjoyment value remains the 
same, if not greater. By use of push-to-talk, the 
conversation can be kept lively and interesting, 
giving each station ample opportunity to par-
ticipate without waiting overlong for his turn. 
Round tables can become very unpopular if 

they are not conducted properly. The mono-
loguist, off on a long spiel about nothing in 
particular; cannot be interrupted; make your 
transmissions short and 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 invited. It is 
bad enough trying to understand voice through 
prevailing interference without the added 
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 

DX is merely radio shorthand for " dis-
tance." 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 sta-

tions readily may find that poor transmitter 
efficiency is not the reason. He may find that 
his sending is poor, or his calls ill-timed, or his 

DX ETHICS 

Unfortunately, there have been some 
amateurs specializing in DX work who 
have not observed proper operating pro-
cedures and practices in the methods 
they are trying to get DX contacts. The 
points below, if observed by all amateurs 
interested in DX, will go a long way 
toward making DX more enjoyable for 
everybody. 

1) Call DX only after he calls CQ, 
QRZ? or signs SK. 

2) Do not call a DX station: 
a) On the frequency of the sta-

tion he is working until you 
are sure the QSO is over. 
This is indicated by the end-

ing signal SK. 
b) Because you hear someone 

else calling him. 
c) When he signs KN, AR or 

CL. 
d) Exactly on his frequency. 
e) After he calls a directional 

CQ, unless of course you are 
in the right direction or area. 

3) Keep within frequency-band lim-
its. Some DX stations operate outside. 
Perhaps they can get away with it, but 
you cannot. 

4) Familiarize yourself with the mean-
ings of ML, LM, HM, MH. DX stations 
often use these signals. 

5) Give honest reports. Flattery will 
get you nowhere. Many foreign stations 
depend on W reports for adjustment of 
station and equipment. 

6) Keep your signal clean. Thumps, 
clicks, chirps and ripple give you a bad 
reputation and get you a pink ticket 
from FCC. 

7) Listen and call the station you 
want. Calling CQ DX is not the best as-
surance that the rare DX will reply. 
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KEEP  AN ACCURATE AND COMPLETE STATION LOG AT ALL TIMES! THE F.C.C. REQUIRES IT. 
A page from the official ARRL 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 ARRL log has a special wire 
binding and lies perfectly flat on the table. 

judgment in error. When conditions are right 
to bring in 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 frequency 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 bands: 
a) On v.h.f., CQ DX is a general call or-

dinarily used only when the band is open, under 
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 
customary " 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 
foreign station." The term " foreign station" 
usually refers to any station in a foreign con-
tinent. (Experienced amateurs in the U. S. A. 
and Canada do not use this call, but answer 
such calls made by foreign stations.) 

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 apply-
ing 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 
receiver is often more important than the 
power input in working foreign stations. Before 
you can expect to be successful in working any 
particular foreign country or area, you should 
be able to hear ten or a dozen stations from that 
area. 

In any band, particularly at line-of-sight 
frequencies, when directional antennas are 
used, the directional CQ such as CQ W5, CQ 
north, etc., is the preferable type of call. 
Mature amateurs agree that CQ DX is a wish-
ful 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 unnecessary 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 fre-
quency band, the less important power con-
siderations become. 

• 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 ad-
justment data. A stenographer's notebook can 
be ruled with vertical lines in any form to suit 
the user. The Federal Communications Com-
mission requirements are that a log be main-
tained that shows ( 1) the date and time of 
each transmission, (2) all calls and transmis-
sions 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 QSO and the opera-
tor's identifying signature for responsibility for 
each session of operating. Messages may be 
written in the log or separate records kept — 
but record must be made for one year as re-
quired 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 precau-
tions and suggestions included in the log are 
followed. 
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Message Handling 
Amateur traffic handling is highly developed 

and effective, if one knows how to use it. Don't 
expect that you can get on the air with the 
message you have written and give it to the 
first station that comes along and expect 
miracles to happen. You fellows who get your 
fun principally from DX, rag-chewing and 
building equipment should appreciate that you 
must place the occasional message you start 
and wish to have reach its destination, not in 
the hands of others like yourselves, but in the 
hands of one of the many operators who spe-
cializes in keeping schedules and handling 
messages, one who gets his fun mainly out of 
this branch of our hobby, who knows the best 
current routes and is in a position to use them. 

Station owners may originate traffic of any 
kind going to any part of the United States, 
Hawaii, Puerto Rico and Alaska. Messages 
with radio amateurs in Canada, Chile and 
Peru may be handled under certain restric-
tions. Important traffic in emergencies or mes-
sages from expeditions for delivery in Canada 
must be put on a landwire by the U. S. ama-
teur station handling. International regula-
tions prohibit the handling of third-party 
messages to the majority of foreign countries. 
Messages relating to experiments and personal 
remarks of such unimportance that recourse 
to the public telegraph service would be out of 
the question may be handled freely with the 
amateurs of any country, but third-party mes-
sages only under special arrangements between 
U. S. A. and other governments, and only to 
the extent agreed upon by the contracting 
governments. 

Messages should be put in as complete form 
as possible before transmitting them. Incom-
plete messages should not be accepted. As mes-
sages are often relayed through several stations 
before arriving at their destination, no abbrevia-
tions should be used in the text as mistakes are 
bound to happen when the text is shortened in 
this manner. To people not acquainted with 
radio abbreviations, messages written in short-
ened form are meaningless. Delivering stations 
must be careful to see that messages are writ-
ten out fully. 

In handling messages, we are doing some-
thing really worth while. We want to start only 
good worth-while messages from our stations. 
Our efforts should be directed to making the 
quality of our message service high. The num-
ber of messages we handle is of secondary im-
portance. The kind of messages we originate 
or start from our station, the speed with 

which the messages pass through our station, 
and the reliability or accuracy with which the 
messages are handled are the things of para-
mount importance. 

Just as the ultimate aim of amateur radio 
on all frequency bands is communication, so 
is the relaying of word by radiogram a " nat-
ural" when one has something to say to a 
party beyond immediate reach. Not all hams 
perhaps appreciate the utility that results 
from using amateur message service in our ham 
correspondence. However, no ham, not even a 
new member of the brotherhood, but feels the 
satisfaction of having really accomplished 
something tangible in exchanging a message 
(recorded communication) with another ama-
teur. Of course, not all beginners develop the 
advanced operating technique of the finished 
message handler, but it is within the reach of all 
who will try. In this chapter we shall discuss 
basic points to follow in message-handling 
activities. 
The amateur who handles traffic is auto-

matically training himself to do the kind of a 
job official agencies desire in emergencies, and 
he becomes a valuable exponent of the whole 
amateur service. 

Message Form 

Each message originated and handled should 
contain the following component parts in the 
order given: 

(a) Number 
(b) Station of Origin 
(c) Check 
(d) Place of Origin 
(e) Time Filed 
(f) Date 
(g) Address 
(h) Text 
- (i) Signature 

A standard form enables one to know just 
what is coming next, and makes accuracy pos-
sible with speed. Start some messages to 
familiarize yourself with the proper way to 
write and send traffic in good form. Just as you 
would be ashamed to admit it if you could not 
qualify as an experienced amateur by at least 
"15-w.p.m." code capability, be equally proud 
of your basic knowledge of how properly to 
form and send record communications. 

a) Every message transmitted should bear a " number." 
On the first day of each calendar year, each transmitting 
station establishes a new series of numbers, beginning at 
Nr. 1. Keep a sheet with a consecutive list of numbers 
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handy. File all messages without numbers. When you send 
the messages, assign numbers to them from the "number 
sheet," scratching off the numbers on that list as you do so, 
making a notation on the number sheet of the station to 
which the message was sent and the date. Such a system is 
convenient for reference to the number of messages origi-
nated each month. 

b) The " station of origin" refers to the call of the station 
at which the message was filed. This should always be 
included so that a " service" message may be sent back to 
the originating station if something interferes with the 
prompt handling or delivery of a message. In the example in 
(d) below, WIAW is the station of origin, that call being 
the one assigned the station at the national headquarters of 
the League. 

e) Every word and numeral in the text of a message counts 
in the check. Full information on checking messages is given 
later in this chapter. 

d) The " place of origin" refers to the name of the city 
from which the message was started. If a message is filed at 
League headquarters by someone in West Hartford, Conn., 
the preamble reads Nr 467 W1AW de 21 West Hartford 
Conn 81167 p June 11, etc. 

If a message is sent to your station by mail the preamble 
shows the place of origin as the town from which the mes-
sage, came. If a message was filed at ARRL headquarters 
and if it came by mail from Wiscasset, Maine, the preamble 
would run like this tó avoid confusion: Hr map nr 4,67 W 1 AW 
ch 21 Wiscasset Maine 81157 p June 11, etc. 

e) The time filed is the time at which the message is received 
at the station for transmission. " NFT" in a preamble means 
no filing time. 

f) Every message shall bear a " date" and this date is trans-
mitted by each station handling the message. The date is the 
"day filed" at the originating station unless otherwise 
specified by the sender. 

g) The " address" refers to the name, street and number, 
city, state, and telephone number of the party to whom the 
message is being sent. A very complete address should always 
be given to insure delivery. When accepting messages this 
point should be stressed. In transmitting the message 
the address is followed by a double dash or break sign 
(— . . . —) and it always precedes the text. 

h) The " text " consists of the words in the body of the 
message. No abbreviations should ever be substituted for 
the words in the text of the message. The text follows the 
address and is set off from the signature by another break 

i) The " signature" is usually the name of the person send-
ing the message. When no signature is given it is customary 
to include the words " no sig" at the end of the message to 
avoid confusion and misunderstanding. When there is a 
signature, it follows the break; the abbreviation " sip" is not 
transmitted. 

The presence of unnecessary capital letters, 
periods, commas or other marks of punctua-
tion may alter the meaning of a text. For this 
reason commercial communication companies 
use a shiftless typewriter(capitals only). The 
texts of messages are typed in block letters 
(all capitals) devoid of punctuation, underlining 
and paragraphing, except where expressed in 
words. In all communication work accuracy is 
of first importance. Spell out figures and 
punctuation. 

Numbering Messages 

Use of a " number sheet" or consecutive list 
of numbers enables any operator to tell quickly 
just what number is " next." Numbers may 
be crossed off as the messages are filed for 
origination. Another method of use consists 
of filing messages in complete form except for 
the number. Then the list of numbers is con-
sulted and numbers assigned as each message 
is sent. As the operator you work acknowledges 
(QSLs) each message, cross off the number used 

and note the call of the station and the date 
opposite this number. 
The original number supplied each message 

by the operator at the originating station is 
transmitted by each station handling the mes-
sage. No new numbers are given the message 
by intermediate stations. 

Checking Traffic — The Landline Check 

The ARRL check is the landline or " text-
only" count, consisting of the count of only 
the words in the body or text of the mes-
sage. It is quicker and easier to count in this 
fashion than to use the cable count of words in 
address, text and signature check which is fol-
lowed in marine-operating work, this simplifi-
cation being the reason for its adoption. When 
in the case of a few exceptions to the basic rule 
in landline checking, certain words in address, 
signature or preamble are counted, they are 
known as extra words, and all such are so 
designated in the check right after the total 
number of words. 

Counting Words in Messages 

The check includes: ( 1) all words, figures and 
letters in the body, and (2) the following extra 
words: 

a) Signatures except the first, when there 
are more than one (a title with signature does 
not count extra, but an address following a 
signature does). 

b) Words " report delivery" or "rush" in 
the check. 

c) Alternative names and/or street ad-
dresses, and such extras as " personal" or 
"attention  
Examples: " Mother, Father, James and 

Henry" is a family signature, no names 
counted extra. "John Brown, Second Lieu-
tenant" and " Richard Johnson, Secretary Al-
bany Auto Club" are each one signature with 
no words counted as extra. An official title or 
connection is part of one signature, not extra. 
"Technical Department, Grammer and Mix" 
as a signature would count two extra words, 
those italicized after the first name counting 
as extras. The check of a message with ten 
words text and two such extras in the signa-
ture would be " CK 13 2 extra." 

Dictionary words in most languages count 
as one word irrespective of length of the word. 
Figures, decimal points, fraction bars, etc., 
count as one word each. It is recommended 
that, where feasible, words be substituted for 
figures to reduce the possibility of error in 
transmission. Detailed examples of word 
counting are about as difficult in one system of 
count as in another. 
Count as words dictionary words taken from 

English, German, French, Spanish, Latin, 
Italian, Dutch and Portuguese languages; 
initial letters, surnames of persons, names of 
countries, cities and territorial subdivisions. 
Abbreviations as a rule should be used only in 
service messages. Complete spelling of words 
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is one way to avoid error. Contractions such 
as " don't" should be changed to " do not." 
Examples: 

Emergency (English dictionary)  
Noue arriverrons dimanche (French 

dictionary)  
DeWitt (surname)  
E.L.B.D. (initials)  
United States (country)  
Prince William Sound  
M.S. City of Belgrade (motor ship)  

1 word 

3 words 
1 word 
4 words 
1 word 
3 words 
2 words 

EXCEPTIONS 
A.M., P.M  1 word 
F.O.B. (or fob)  1 word 
O.K.  1 word 
Per cent (or percent)  1 word 

Figures, punctuation marks, bars of division, 
decimal points—count each separately as one 
word. The best practice is to spell out all such 
when it is desired to send them in messages. In 
groups consisting of letters and figures each 
letter and figure will count as one word. In 
ordinal numbers, affixes d, nd, rd, st and th 
count as one word. Abbreviations of weights 
and measures in common use count as one 
word each. Examples: 

000 coo (figures)   8 words 
Ten millions (dictionary words)  2 words 
5348 (figures)  4 words 
67.98 (figures)  5 words 
64A2  4 words 
45% (figures and bar of division)  5 words 
3rd (ordinal number and affix)  2 words 

Groups of letters which are not dictionary 
words of one of the languages enumerated, or 
combinations of such words, will count at the 
rate of five letters or fraction thereof to a word. 
In the case of combinations each dictionary 
word so combined will count as a word. In 
addition, USS, USCG, etc., written and sent as 
compact letter groups, count s.; one word. 
Examples: 

Tyffa (artificial 5-letter group) . I word 
Adccol (artificial 6-letter group)  2 words 
Dothe (improperly combined)  2 words 
allright, alright (improperly combined) 2 words 
ARRL  1 word 

At the request of sender the words " report 
back delivery," asking for a service showing 
success or failure in delivering at the terminal 
station, may be inserted after the check, or 
" rush" or " get answer" similarly, such words 
counting as extras in the group or check desig-
nation as just covered by example. "Phone" 
or " don't phone" or other sender's instruc-
tions in the address are not counted as extra 
words. In transmitting street addresses where 
the words east, west, north or south are part of 
the address, spell out the words in full. Suffixes 
"th," " nd," " st," etc., should not be trans-
mitted. Example: Transmit " 19 W 9th St" 
as" 19'West 9 St." " F St NE" should be sent 
"F St Northeast." When figures and a decimal 
point are to be transmitted, add the words 
CNT DOT in the check. 

Isolated characters each count as one word. 
Words joined by a hyphen or apostrophe count. 
as separate words. Such words are sent as two 
words, without the hyphen. A hyphen or 
apostrophe each counts as one word. However, 

they are seldom transmitted. Two quotation 
marks or parenthesis signs count as one word. 
Punctuation is never sent in radio messages 
except at the express command of the sender. 
Even then it is spelled out. 

Here is an example of a plain-language mes-
sage in correct ARRL form, carrying the 
landline check: 

A THE AMERICAN RADIO RELAY LEAGUE A 

v RADIOGRAM v 
____. ....... .... 
Mu D.A• • IEST “ADMAID Dorm »OD IVY 11. 

' 

.......e. ...we. • .. 
ALL RADIO AILATEURS 
1 DROADIVAT ST 

••••••••••••••••••••. 
••••• 

AMCITY STATE * b 

ALL MIATEORS APE REQUESTLD TO FOLLOW STAIOAPD AWL PC« 

SOOT AWL 

--..... 
RICO /Wad rel ..,11047 11.2•1• AR IrJee_______1EST.LIIARIECQD 
SENT 

..:,47....-÷:Z.,..:...7.7:'-17 re---71'.;'n+.747,7=7:€7.F.."-"..:-.:....=.2:).7.-7.=*.,• ,F---:2' 

Very important messages should be checked 
carefully to insure accuracy. Request origi-
nators to spell out all punctuation marks that 
must appear in delivered copies. Likewise, 
never abbreviate in texts, nor use ham abbrevia-
tions except in conversations. 

Message handling is one of the major activi-
ties that lies in our power as amateurs to do to 
show our amateur radio in a respected light, 
rather than from a novelty standpoint. Regard-
less of experimental, QSL-collecting, friendly 
rag-chews, and DX objectives, we doubt if the 
amateur exists who does not want to know 
how to phrase a message, how to put the pre-
amble in order, how to communicate wisely 
and well when called upon to do so. Scarcely a 
month passes but what some of us in some 
section of our ARRL are called upon to add 
to the service record of the amateur. 

It is important that deliveries be made in 
businesslike fashion to give the best impres-
sion, so that in each instance a new friend 
and booster for amateur radio may be won. 
Messages should be typed or neatly copied, 
preferably on a standard blank, retaining 
original for the FCC station file. The designa-
tion and address of the delivering station 
should be plainly given so a reply can be made 
by the same route, if desired. 

For those who would disparage some mes-
sage texts as unimportant, perhaps a reminder 
is in order that in the last analysis it is not the 
importance to the ham that handles it that 
counts, but the importance to the party that 
sends and the party that receives a message. 
The individual handling of traffic in small 

quantities as well as large is to a very great 
extent the material that we amateurs use for 
developing our operating ability, for organizing 
our relay lines, and for making ourselves such a 
very valuable asset to the public and our coun-
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try in every communications emergency that 
comes along. 

For those " breaking-in" may we say that 
any ORS, Trunk-liner or experienced ARRL 
traffic handler will be only too glad to answer 
your questions and give additional pointers 
regarding procedure and your station set-up, 
to help you make your station a really effective 
communications set-up. Since experience is the 
only real teacher, newcomers are reminded 
that becoming highly proficient in any branch 
of the game is partly just a matter of practice. 
Start a few messages, to get accustomed to the 
form. Check some messages to become familiar 
with the official ARRL (landline) check. Irj:eu 
will find increased enjoyment in this side of 
amateur radio by adding to your ability to 
perform; by your familiarity with these things 
the chance of being able to serve your com-
munity or country in emergency will be 
greater. Credit will be reflected on amateur 
radio as a whole thereby. 

Foreign Traffic Restrictions 

Any and all kinds of traffic may be handled 
between amateur stations in different parts of 
the United States, Hawaii, Alaska and Puerto 
Rico. There is no qualification or restriction 
except that amateur status must be observed 
and no compensation, direct or indirect, be 
accepted for station operations or services. 

Internationally the general regulations at-
tached to the international communications 
treaty state the limitations to which work be-
tween amateur stations in different foreign 
countries is subject. In practically every na-
tion outside our own country and its posses-
sions, the government owns or controls the 
public communications systems. Since these 
systems are maintained as a state monopoly, 
foreign amateurs have been prohibited by 
their governments from exchanging traffic 
which might be regarded as in "competition" 
with state-owned telegraphs. The interna-
tional treaty regulations reflect this condition 
and the domestic traffic restrictions (internal 
policy) of the majority of foreign countries. 
Any country ratifying the Madrid (1932) or 
Cairo(1938) conventions can make its domes-
tic regulations as liberal as it likes; in addition 
it may conclude special agreements with other 
governments for amateur communications 
that are more liberal than the quoted terms of 
the treaty itself. If no specific formal negotia-
tions have been concluded, however, amateurs 
must observe the following (treaty) regulations 
in conducting international amateur work: 

The exchange of communications between amateur sta-
tions and between private experimental stations of different 
countries shall be forbidden if the Administration of one of 
the interested countries has given notice of its opposition to 
this exchange. 
When this exchange is permitted the communications 

must be conducted in plain language and be limited to re-
marks of a personal nature, for which, by reason of their lack 
of importance, recourse to the public telegraph service 
would not be warranted. It shall be absolutely forbidden to 

licensees of amateur stations to transmit international com-
munications emanating from third parties. The above 
provisions may be modified by special arrangements be-
tween the interested countries. 

Referring to the first paragraph above, in 
the years since the Washington convention 
(1927) no prohibition on amateur communica-
tion (international QS0s) has been filed by any 
country with the Berne Bureau. In some 
countries, principally European, amateurs are 
restricted by regulation to privileges much 
less than made available by international 
agreement. In the U. S. A. it is the policy, and 
of course necessary to take care of our greater 
numbers of amateurs, to give amateurs the 
fullest frequency allocations and rights possible 
under international treaty provisions, and to 
permit free exchange of domestic noncommer-
cial traffic in addition. This policy has justified 
itself, giving the public amateur radio traffic 
service and developing highly-skilled operators 
and technicians who have the ability to keep 
the U. S. A. in the lead in radio matters. 
The second paragraph quoted prohibits 

international handling of third-party traffic, 
except where two governments have a special 
arrangement for such exchange. In any event, 
traffic relating to experimental work, and 
personal remarks which would not be sent by 
commercial communications channels, may be 
sent, when in communication with foreign 
amateurs. 

Previous special arrangements, extending 
the basic international telecommunications 
treaty arrangements, have also been effected 
through ARRL and U. S. A. representations. 
The special U. S. A.-Canadian agreement will 
be explained later. Similar arrangements with 
Chile and Peru permit the handling to those 
countries of certain types of traffic. 

The Canadian Agreement 

The special reciprocal agreement concluded 
between our country and the Dominion of 
Canada, at the behest of the ARRL, permits 
Canadian and U. S. amateurs to exchange-
messages of importance under certain restric-
tions. This agreement is an expansion of the 
international regulations to permit the han-
dling of important traffic. 
The authorized traffic is described as follows: 
"1. Messages that would not normally be 

sent by any existing means of electrical com-
munication and on which no tolls must be 
charged. 

"2. Messages from other radio stations in 
isolated points not connected by any regular 
means of electrical communications; such 
messages to be handed to the local office of the 
telegraph company by the amateur receiving 
station for transmission to final destination, 
e.g., messages from expeditions in remote 
points such as the Arctic, etc. 

"3. Messages handled by amateur stations 
in cases of emergency, e.g., floods, etc., where 
the regular electrical communication systems 
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become interrupted; such messages to be 
handed to the nearest point on the established 
commercial telegraph system remaining in 
operation." 
The arrangement applies to the United 

States and its territories and possessions in-
cluding Alaska, the Hawaiian Islands, Puerto 
Rico, the Virgin Islands and the Panama Canal 
Zone. The agreements with Chile and Peru are 
similar to the above. 

Origin a ting Traffic 

Messages to other amateurs are a natural 
means of exchanging comment and maintain-
ing friendships. The simplest additional way to 
get messages is to offer to send a few for friends, 
reminding them that the message service is 
free and no one can be held responsible for 
delay or nondelivery. Wide-awake amateurs 
have distributed message blanks to tourist 
camps. Lots of good traffic has been collected 
through a system of message-collection boxes 
placed in public buildings and hospitals. A 
neatly-typed card should be displayed near by 
explaining the workings of our ARRL traffic 
organization, and listing the points to which the 
best possible service can be given. 

Messages that are not complete in every 
respect should not be accepted for relaying. 
Complete address on every message is impor-
tant. 
To represent amateur radio properly, pla-

cards, when used, should avoid any possible con-
fusion with telegraph and cable services. Any 
posters should refer to amateur radiograms, 
and explain that messages are sent through 
amateur radio stations, as a hobby, free, with-
out cost (since amateurs can't and will not 
accept compensation). The exact conditions 
of the service should be stated or explained 
as completely as possible, including the fact 
that there is no guarantee of delivery. The indi-
vidual in charge of the station has full powers 
to refuse any traffic unsuitable for radio trans-
mission, or addressed to points where deliveries 
cannot be made. Relaying is subject to radio 
conditions and favorable opportunity for con-
tacting. Better service can be expected on 
15-word texts of apparent importance than on 
extremely long messages. Amateur radio traffic 
should not be accepted for " all over the 
world." 

Careful planning and organized schedules 
are necessary if a real job of handling traffic is 
to be done. Advance schedules are essential to 
assist in the distribution of messages. It may 
be possible to schedule stations in cities to 
which you know quantities of messages will be 
filed. Distribute messages, in the proper direc-
tions, widely enough so that a few outside 
stations do not become seriously overbur-
dened. Operators must route traffic properly 
— not merely aim to " clear the hook." 

It is better to handle a small or moderate 
volume of traffic well than to •attempt to break 

records in a manner that results in delayed 
messages, nondeliveries, and the like which 
certainly cannot help in creating any public 
good will for amateur radio. 

Amateur Stations at Exhibits and Fairs 

Whatever type of exhibit is planned, write 
ARRL in advance, in order to receive sample 
material to make your amateur booth more 
complete. A portable station can be installed 
and operated by an already-licensed ama-
teur, subject to FCC notification of location, 
etc., as provided by regulations. No license 
coverage is needed if no station is operated, of 
course. 

If the time is short and there is no oppor-
tunity for special organization of schedules to 
insure reliable routing and delivery, quite 
likely exhibit work, to be most productive of 
good-will results, had best not include message-
handling plans — at least not from the booth-
station itself where subject to noise, electrical 
interference, and other handicaps. To handle 
such traffic as offered with real efficiency, it 
should be distributed for origination with exist-
ing schedules of the several most reliable local 
amateur stations. By dividing the traffic filed 
with other stations it may be sent more speedily 
on its way. Be sure that the operators under-
taking to help are qualified and have good 
schedules for distributing messages. 
"Show stations" must avoid origination of 

"poor traffic" by rigid supervision and elimi-
nation of meaningless messages with guessed-
at, inaccurate and incomplete addresses at the 
source. 

General 

In successful relaying, all factors including 
"apparent importance" must be taken into 
account. Incomplete preambles are a common 
fault. Every station should demand an " office 
of origin" from stations who have messages, 
and traffic may be rightly canceled (QTA) on 
failure to include it. Thus messages will never 
get on the air without a starting place. 

Originating stations should refuse to accept 
messages to transmit when it is apparent that 
the address is too meager. A simple logbook, a 
good filing system, an accurate frequency 
meter and an equally accurate clock, are sure 
signs of a well-operated station. The apparatus 
on the operating table will tell a story without 
words. 
The well-balanced amateur will not only 

know how to handle a message, but will have 
extended the principles of neatness and effi-
ciency to his other station activities. The com-
plete amateur station includes attention to 
traffic matters as part of its regular routine; it 
is one essential in building a reputation for 
"reliability" in amateur work. Communi-
cation (general) involves an exchange of 
thoughts. " Traffic" is merely the exchange of 
thoughts for ourselves or others, using messages. 
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Relay Procedure 

Messages shall be relayed to the station 
nearest the location of the addressee and over 
the greatest distance permitting reliable com-
munication. 
No abbreviations shall be substituted for the 

words in the text of a message with the excep-
tion of " service messages," to be explained. 
Delivering stations must be careful that no 
confusing abbreviations are written into de-
livered messages. 

Sending words twice is a practice to avoid. 
Use it only when expressly called for by the 
receiving operator, when receiving conditions 
are poor. 

Messages shall be transmitted as many as 
three times at the request of the receiving op-
erator. Failing to make a complete copy after 
three attempts, the receiving operator shall 
cancel the message (QTA). 
Agreement to handle (relay or deliver) a 

message properly and promptly is always 
tacitly implied in accepting traffic. When 
temporarily not in a position to so handle, it is 
a service to amateur radio and your fellow ham 
to courteously refuse a message. 
An operator with California traffic does not 

hear any Western stations so he decides to call 
a directional " CQ" as per ARRL practice. 
He calls, CQ CALIF CQ CALIF DE W1INF 
W1INF W1INF, repeating the combination 
three times. 
He listens and hears W9BRD in Chicago 

calling him,. W1INF W1INF W1INF DE 
W9BRD W9BRD W9BRD AR. 
Then he answers W9BRD, indicating that 

he wishes him to take the message. W1INF 
says, W9BRD W9BRD DE W1INF R QSP 
MILL VALLEY CALIF NEAR SF? K. 

After W9BRD has given him the signal to 
go ahead, the message is transmitted, thus: 
HR MSG NR 78 W1INF CK18 WEST HARTFORD 
CONN NFT (for " no filing time") NOV 18 

ALAN D WHITTAKER JR W6SG 
79 ELINOR AVE 
MILL VALLEY CALIF 

SUGGEST YOU USE ARRL TRUNK LINE X 
THROUGH W5NW TO HANDLE PROPOSED 
VOLUME TRAFFIC REGARDS 

BUBB W1JTD 

W9BRD acknowledges the message like 
this: W1INF DE W9BRD NR 78 R K. Not 
a single R should be sent unless the whole mes-
sage has been correctly received. 

Full handling data are placed on the message 
for permanent record at W1INF. The operator 
at W9BRD has now taken full responsibility 
for doing his best in forwarding the message. 

Abbreviated Procedure 

Abbreviated procedure deserves a word in 
the interest of brevity on the air. Abbreviated 
practices help to cut down unnecessary trans-
mission. However, make it a rule not to abbre-
viate unnecessarily when working an operator 
of unknown experience. 

NIL is shorter than QRU CU NEXT 
SKED. Instead of using the completely spelled-
out preamble HR MSG NR 287 WIGME CK 
18 MIDDLEBURY CONN OCTOBER 28 
TO, etc., transmission can be saved by using 
287 WIGME 18 MIDDLEBURY CT OCT 28 
TO, etc. One more thing that conserves operat-
ing time is the cultivation of the operating 
practice of writing down " 287 W1 UE 615P 
11/13/37" with the free hand during the send-
ing of the next message. 
" Handling" a message always includes the 

transmission and receipt of radio acknowledg-
ment (QSL) of same, and entry of date, time 
and station call on the traffic, as handled, for 
purposes of record. 

Getting Fills 

If the first part of a message is received but 
substantially all of the latter portions lost, the 
request for the missing parts is simply RPT 
TXT AND SIG, meaning " Repeat text and 
signature." PBL and ADR may be used sim-
ilarly for the preamble and address of a 
message. RPT AL or RPT MSG should not be 
sent unless nearly all of the message is lost. 
Each abbreviation used after a question 

mark (. . — — . .) asks for a repetition of 
that particular part of a message. 
When a few word groups in conversation or 

message handling have been missed, a selection 
of one or more of the following abbreviations 
will enable you to ask for a repeat on the parts 
in doubt. 'Phone stations, of course, request 
fills by using the full wording specified, with-
out attempt at abbreviation. 

Abbreviation Meaning 

?AA  Repeat all after  
?AB  Repeat all before  
?AL  Repeat all that has been sent 
?BN ...AND  Repeat all between.. and.... 
?WA  Repeat the word after... 
?WB  Repeat the word before  

The good operator will ask for only what fills 
are needed, separating different requests for 
repetition by using the break sign or double 
dash (— —) between these parts. There is 
seldom any excuse for repeating a whole mes-
sage just to get a few lost words. 

Another interrogation method is sometimes 
used, the question signal (. . — — . .) being 
sent between the last word received correctly 
and the first word (or first few w ords) received 
after the interruption. RPT FROM . . . . 
TO . . . . is a long way of asking for mes-
sage fills. 
The figure four (. . . . —) is a time-sav-

ing abbreviation which deserves popularity 
with traffic men. It is another of those hybrid 
abbreviations whose original meaning, " Please 
start me, where?" has come to us from Morse 
practice. Of course ?AL or RPT AL will serve 
the same purpose, where a request for a repeti-
tion of parts of a message has been missed. 
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Delivering Messages 

Provisions of the Communications Act make 
it a misdemeanor to give out information of any 
sort to any person except the addressee of a mes-
sage. It is in no manner unethical to deliver an 
unofficial copy of a radiogram, if you carefully 
mark it duplicate or unofficial copy and do it to 
improve the speed of handling a message or to 
insure certain and prompt delivery. Do not 
forget that there are heavy fines prescribed by 
Federal laws for divulging the contents of mes-
sages to anyone except the person addressed in 
a message. 
When it is possible to deliver messages in 

person, that is usually the most effective way. 
When the telephone does not prove instrumen-
, tal in locating the party addressed in the mes-

age, it is usually quickest to mail the message. 
L delivery rules: 
ges received by stations shall be delivered 

immediately. 
Every domestic message shall be relayed within 

forty-eight (48) hours after receipt, or if it cannot 
be relayed within this time shall be mailed to the 
addressee. 

Messages for points outside North America 
must not be held longer than half the length of 
time required for them to reach their destination 
by mail. 
When a message cannot be delivered, or if it 

is unduly delayed, a " service" message should 
be written and started back to the " office of 
origin." 

Each operator who reads these pages is 
asked to assume personal responsibility for 
accuracy, speed of each message handled, and 
delivery, that we may approach a 100% delivery 
figure. 

The Service Message 

A service message is a message sent by one 
station to another station, relating to the serv-
ice which we are or are not able to give in 
message handling. The service message may 
refer to nondeliveries, to delayed transmis-
sion, to errors, or to any phase of message-han-
dling activity. It is not proper to abbreviate 
words in the texts of regular messages, but it 
is quite desirable and correct to use abbrevia-
tions in these station-to-station messages 
relating to traffic-handling work. Example: 

RR SVC NR 291 W4IA OR XX ARLINGTON VA NFT 
AUG 19 
L C MAYBEE W7GE 
110 SOUTH SEVENTH AVE 
PAZCO WASHN • • • 
1TR NR 87 AUG 17 TO CUSHING SIG BOB HELD 
HR UNDLD PSE GBA — • • • •• 

BATTEY W4IA 

Counting Messages 

To compare the number originated and 
delivered each month, in order to learn some 
facts about the "efficiency" of our work in 
handling messages, a method of counting is 
used. Each time a message is handled by radio 
it counts one in the total. 

A message received in person, by telephone, 
by telegraph, or by mail, filed at the station and 
transmitted by radio in proper form, counts as 
one originated. 
A message received by radio and delivered in 

person, or by telephone, telegraph, or mail, 
counts as one delivered. 
A message received by radio and sent forward 

by radio co4nts as two messages relayed (one 
when received and again one when sent for-
ward). 

All messages counted under one of the three 
classes mentioned must be handled within .a 48-
hour (maximum) delay period to count as 
" messages handled." Messages for continents 
except North America may be held half the 
length of time it would take them to reach 
their destination by mail. A " service" message 
counts the same as any other type of mes-
sage. 

• Extra Delivery Credit 

In addition to the basic count of one for 
each time a message is handled by radio, an 
extra credit of one point for each delivery made 
by mail, telephone, in person, by messenger 
or other external means other than use of 
radio (which would count as a " relay" of 
course) will also be allowed. A message received 
by an operator for himself or his station or a 
party on the immediate premises counts only 
"one delivered." A message for a third party 
delivered by additional means or effort will 
receive a point under " extra delivery credits." 

The message total shall be the sum of the mes-
sages originated, delivered and relayed, and 
the " extra" delivery credits. Each station's 
message file and log shall be used to deter-
mine the report submitted by that particular 
station. Messages with identical texts (so-
called rubber-stamp messages) shall count 
once only for each time the complete text, pre-
amble and signature are sent by radio. 

In whatever volunteer work it is engaged, a 
station has an amateur status, and the total 
is a strictly " amateur" total if handled under 
ham-band conditions on amateur frequencies. 

Examples of Counting 

Let us assume that at the end of the month 
one operator of a large amateur station re-
ceives several messages from another station. 
(a) Some of these messages are for relaying by 
radio. (h) Some of them are for local delivery. 
(c) There are still other messages, the disposal 
of which cannot be accurately predicted. They 
are for the immediate neighborhood but either 
can be mailed or forwarded to another amateur 
by radio. A short-haul telephone toll call will 
deliver them but the chances of landing them 
nearer the destination by radio are pretty 
good. This operator's " trick" ends at midnight. 
He must make the report with some messages 
"on the hook," to be carried over for the next 
month's report. 
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a) The messages on the hook that are to be relayed have 
been received and are to be sent. They count as " I relayed" 
in the report that is made out now, and they will also count 
as " I relayed" in the next month's report (the month during 
which they were forwarded by radio). 

b) By mailing or 'phoning the messages at once, they count 
as " I delivered" for the current report. By holding them 
until next day they will count in the next report as " 1 de-
livered." Also, they will each have a count of one extra de-
livery credit since they had to be telephoned, mailed, etc. 

c) The messages in this class may be carried forward into 
the next month. If they have to be mailed then they will 
count in the next report as " 1 delivered." If they are relayed, 
we count them as " 1 relayed," " I received" in the pre-
ceding month (already reported), and " 1 relayed" for the 
next month, the month in which it was sent forward by 
radio. If the operator wishes to count this message at once 
as delivered it must be mailed promptly and counted at 
once. 
Some examples of counting: 
The operator of Station A gets a message by radio from 

Station B addressed to himself. This counts as " I delivered" 
by himself and by Station A. There is no extra delivery 
credit possible for no additional delivery effort was needed. 
The operator of Station A takes a verbal message from a 

friend for relaying. He gives it to Station B over the tele-
phone. Operator A does not handle the message by radio. 
Station B and Operator B count the message as " I origi-
nated." A cannot count the message in any manner. 
The operator and owner of Station A visits Station B and 

while operating there takes a message for relaying. The 
operator and owner of B cannot operate for a day or two so 
the message is carried back to Station A by Operator A who 
relays it along within a few hours. The traffic report of both 
Station A and Station B shows " I relayed" for this work. 

Please note that " handling" a message always 
includes the transmission and receipt of radio 
acknowledgment (QSL) of same, and the entry 
of date, time, and station call on the traffic, as 
handled, for purposes of record. Only messages 
promptly handled and with information so 
recorded shall be counted in ARRL totals. 

"Rubber- Stamp" Messages 

The handling of traffic can be both fun and 
constructive, interesting work. Because multi-
ple-address (rubber-stamp) messages mean 
much drudgery and little accomplished, they 
cannot be handled effectively in a hobby such 
as amateur radio. 

Obviously, a station in handling a rubber-
stamp message has to exert only a small 
amount of effort in receiving the text and sig-
nature once. Then by handling the address to 
different points en groupe a large number of 
messages (?) can be received and transmitted 
with little time and effort. The League's system 
for crediting points for messages handled (and 
except for any extra delivery credit) is based 
on giving one credit each time a complete 
message is handled by amateur radio, i.e., one 
credit for each originated message, one credit 
for each delivered message and two credits for 
each relayed message (one credit for the work 
in receiving it and one for the work in trans-
mitting it). Only every message handled by 
radio with a complete preamble, address, text, 
and signature shall be counted, except in the 
case of deliveries, each mailed, telephoned or 

otherwise delivered message shall count " one 
delivered" regardless of handling in " book" 
form (with text sent once only). 

Reporting 

Whether the principal accomplishments of 
the station are in traffic handling or other lines, 
what you are doing is always of interest. One 
part of QST is devoted to Station Activities, 
this written up by your elected section com-
munications manager. His address is given on 
page 6 of each QST. Reports from all active 
hams, sent the SCM at the end of each month 
and covering the 30 days just previous, are 
welcomed. 

Operating on Schedules 

Traffic-handling work can be most advan-
tageously carried on by arranging and 1.2t," 
a few schedules. The message " hook" 
cleared in a few minutes of work on schtry 
and the station will be free for DX or expe, 
mental work. Aim at station appointments if 
you can do so, and become a member of your 
ARRL section net. If at the moment you can-
not go this far, start out by making some in-
dividual schedules, with at least one tie-in to 
some organized net. 

Traffic Handling Develops Skill 

The dispatch of messages makes operators 
keen and alert. The better the individual opera-
tor, the better the whole organization. Proper 
form in handling traffic, getting fills, and in 
general operating procedure develops operators 
who excel in " getting results." Station per-
formance depends 90% on operating ability 
and 10% on the equipment involved, granting 
of course that station and operator are always 
interdependent. Experience in message han-
dling develops a high degree of operating 
"intelligence." 

Message handling leads to organization 
naturally, through the need for schedules and 
cooperation between operators. It offers sys-
tematic training in " real" operating. It leads 
to planned, useful, unselfish, constructive work 
for others at the same time it represents the 
highest form of operating " skill" and enjoy-
ment to its devotees. Emphasis should be 
placed on the importance of traffic handling in 
training operators in the use of procedure — 
and in general operating reliability. The value 
of the amateur (as a group), in cases of local or 
national emergency, depends to a great extent 
on the operating ability of individual operators. 
This ability is largely developed by message 
handling. 

Practice in handling traffic familiarizes one 
with detailed time-saving procedure, and de-
velops general skill and accuracy to a higher 
extent than obtains in " just rag-chewing" or 
haphazard work. 
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Emergency Operation 

Public service in emergencies is part of the 
tradition of amateur radio. It constitutes im-
portant justification for the frequency assign-
ments granted by our Government. The public 
has come to appreciate our emergency work 
through the consistent performance of ama-
teurs in bridging disaster-created gaps in lindreds of instances, over many years of 

Jae radio operation. In view of these 
emergency-communication values emergency 
work takes on ever-increasing importance. 
Handling emergency communications puts 
across in a striking way that which we most 
need to have the public appreciate about our 
ability and willingness to serve. Every licensed 
amateur owes it to his community to be ready 
to play a proper part (not necessarily to 
transmit) in communications emergencies. 

This chapter will be dedicated entirely to 
outlining amateur-service emergency work, 
plans and policies. 

• OUR ABILITY TO SERVE 
Of all the civilian services licensed by the 

FCC, amateur stations are most numerous. 
While the technique of radio use is expanding 
to embrace new horizons, it is doubtful if the 
geographical numbers and distribution of 
amateurs closely in proportion to the urban 
and suburban population will be challenged 
in any large way. But new services automati-
cally capable of emergency employment do 
naturally point to increased competition in this 
field of potential service. 

It remains for the amateur to exercise con-
tinuing and increased initiative in the field of 
emergency organization. Liaison with agencies 
and officials active in emergencies who are 
potential users of the amateur service, liaison 
with other communicators with whom emer-
gency burden will be shared, and the imple-
mentation of emergency plans through drills 
and tests are necessary after local mobilization 
of equipment and operator facilities by the 
amateur. Only proper all-out support of emer-

gency plans will permit the amateur to con-
tinue to hold the top records for accomplish-
ment in this field. 

• ADVANCE PLANNING NECESSARY 
Individual preparedness and organization of 

amateurs, community by community, are the 
most essential elements of a successfully-func-
tioning amateur emergency service. Annual 
ARRL Field Days supply a tremendous in-
centive to clubs and individuals to perfect and 
test emergency-powered equipment. Training 
in message handling and the principles of work-
ing together under unusual circumstances 
combine in this outing an annual " shake-
down" of communications gear afield, to 
challenge individual and group efforts. But 
unless each individual in addition to working 
casually in annual events attaches himself to 
community organization and the support of 
local plans, our group effort may sometimes 
fall short of its organized capabilities of per-
forming a public service. 
The chief lesson, from past emergencies, calls 

for support and membership of every active 
operator in the ARRL Emergency Corps. By 
joining, one is supporting organized amateur 
radio for any and every emergency! The AEC 
member can enjoy and benefit from advance 
discussions, literature, and participation in 
exercises covering such matters as procedure, 
priorities, station dispositions, and other fac-
tors. By such alignment with AEC, one justifies 
his license as " in the public interest." Such 
support contributes to our emergency-readi-
ness. Emergency-readiness contributions to 
public welfare as well as our self-training and 
experimenting characteristics permit FCC to 
grant amateur licenses as of public value. 
Once in the AEC you are on the " inside" in 
any amateur-service plans worked out by your 
emergency coordinator. Your local ARRL 
coordinator can provide appropriate blanks 
for joining the Emergency Corps . . . or 
write Headquarters. 

The ARRL Emergency Corps 

The AEC was first announced in September, 
1935. Participation in the Corps is not limited 
exclusively to members of ARRL or any other 
group or organization. All amateurs in the 
U. S. and Canada can belong. The Corps is a 
challenge to each individual licensee. It pro-

vides a flexible framework of organization with 
responsibility for local leadership decentralized 
to a community emergency coOrdinator. EC 
appointments are made by section communi-
cations managers whose election and broad 
field-organization administrative duties and 
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appointments " of, by and for" the amateur are 
col» ared in another chapter. 
The Emergency Corps in a given city or 

town consists of the coordinator and all local 
radio amateurs who have indicated their 
support and readiness for participation in 
emergency plans. The mission of the group in 
providing emergency radio service is accom-
plished through organization, self-training, and 
actual operating tests and activities. 
The 144-Mc, band is often used for local 

AEC nets at points where this v.h.f. band has 
most stations willing to volunteer for coverage 
of local points in organized fashion. Other 
frequency bands may be chosen for local 
organization, where emergency coordinators 
find insufficient 2-meter activity, or if inter-
ference attributable to a volume of 144-Mc. 
casual activity requires supplementary means. 

H.f. band stations will be recruited for long-
haul emergency requirements. Stations should 
be encouraged to participate in ARRL section 
nets. Preference in AEC work should be given 
stations having definite regular traffic schedules 
to outside points. 

e FULL AND SUPPORTING 
MEMBERSHIP 

Local emergency coordinators will issue 
ARRL AEC membership cards to individual 
amateurs whose application forms indicate 
their availability and willingness to participate 
in organized emergency assistance to the com-
munity in the event of any emergency. Activity 
and interest are the criteria for continued 
membership. Any amateur licensee is eligible. 
Assistant ECs and AEC members are not 
required to hold ARRL membership, though 
of course most of them do. The cards must be 
endorsed annually by the emergency coordina-
tor to keep appointments in effect. 

Full membership cards will be issued to 
those amateurs with stations who can be 
active in regular as well as occasional test 
periods. Every full member should strive to 
have emergency power and equipment avail-
able! Supporting AEC membership cards will 
be issued to all individuals who otherwise 
qualify but who must give limited time to 
this activity and who are seldom able to 
participate in group radio activity. ECs will 
issue new cards or transfer AEC members 
from " supporting" to " full" status or vice 
versa on application and as appropriate. 
Both portable and fixed amateur station 

equipment working from commercial power 
and emergency power are needed in the Emer-
gency Corps to fulfill its missions on h.f. and 
v.h.f. Equipment types or power source will 
not be used as a criterion for classification of 
AEC membership; instead, your activity and 
the contributions to organized community 
emergency work and tests within the frame-
work of the AEC will decide your classification. 

"Joining" the Emergency Corps is on an 
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Fig. 22-1 — Chart of AEC organization. 

annual basis. The Corps membership cards 
provide for minual endorsement, at which time 
ECs should require new station information so 
that at all times the papers held permit them 
to know current facts such as the usual operat-
ing frequency, telephone number, and avail-
able hours for test and operation. 

• ORGANIZATION 
A four-part diagram will best show over-all 

Emergency Corps organization. The section 
manager (SCM on Fig. 22-1), is elected under 
the Constitution and By-Laws of the League 
to appoint individual member-stations for 
specific activities in accordance with their 
qualifications, interest and ability. Before 
emergencies the SCM arranges the most 
complete local leadership possible through his 
selection and appointment of qualified men to 
give exclusive attention to the amateur-service 
emergency-organizing field. 

Section managers (address, p. 6, QST) wel-
come recommendations from emergency-in-
terested amateur groups, radio clubs, and 
individuals, naming qualified individuals for 
local emergency leadership. ARRL members 
who inspire the confidence of oommunity 
officials, who will act impartially to work out 
amateur-service plans with amateurs in each 
local band and mode group, while maintaining 
friendly contact with agencies served and 
representatives of other communications facili-
ties, will be appointed by SCMs wherever 
vacancies exist. 
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The Section Emergency CoOrdinator 

A Section Emergency Coordinator (SEC on 
Fig. 22-1) is appointed by the SCM to promote 
Emergency Corps organization throughout his 
entire section. The SEC encourages EC 
recommendations from local groups, and de-
termines the territory handled by ECs as 
required. His functions include: (1) Recom-
mendations for EC appointments and endorse-
ments for community coOrdinators. (2) 
Promulgation of Emergency Corps member-
ship drives, meetings, activities, tests, pro-
cedures, etc., at section levels. The SEC will 
work through local ECs, or sign AEC member 
cards for those not in areas covered by a local 
EC, while trying to secure an EC appointee for 
such cities. (3) Policy and planning recom-
mendations to the SCM on emergency matters. 
(4) Consolidation of monthly reports from 
coordinators for the SCM and ARRL head-
quarters. 
The section emergency coordinator must 

be an SCM appointee who will devote his full 
energy and effort to this one important emer-
gency-organizing program for amateur radio. 
His responsibilities require him to act as 
" Assistant SCM" for emergency-organization 
matters. 

The Emergency CoOrdinator 

The Emergency Coordinator often has a 
good station and emergency equipment him-
self, to set the example, but his primary duty 
is organization. 

In carrying out his seven-point program, the 
EC registers (on AEC Form 7A) all available 
local emergency equipment and operators. His 
community plan of preparedness will be de-
termined with the assistance of his emergency 
planning committee (of assistant coordinators) 
or by otherwise depending on the geography of 
the area, state of training and past experience 
in emergency work, and the best assessments 
that can be made of community needs and 
available amateur facilities. Points common 
to every EC program are as follows: 

(1) Organization meetings of all available 
amateurs . . . explaining objectives, en-
listing support of every amateur. 
Designation of assistant ECs for an 
emergency planning committee. 
General planning for assumed com-
munity emergencies. 
Committee meetings and appointments 
to handle particular responsibilities. 
Liaison with (a) official agencies served, 
(b) other communications services. 
Designations of (a) exceptional simu-
lated-emergency tests, (b) of regular 
operational AEC periods. 
Monthly assessment of progress. Re-
ports for ARRL-SCM-QST. 

Che organizational chart also shows contact 
the SCM and the SEC with " regional (or 

agency) emergency coordinators." Section nets, 
groups organized by SECs for the Weather 
Bureau, Engineers, and others often serve as 
points for reliable " outside" communication 
in case of an unexpected local emergency. 
The " regional" ARRL coürdinator is SCM-
appointed only after policy review with ARRL 
Hq. te provide and maintain stand-by facilities 
for specific agencies of a regional or community 
nature. His post will not be explained in 
detail in these paragraphs except to say that 
local tie-ins with all such networks should be 
arranged by emergency coordinators where 
they may be helpful. 

• TYPICAL COMMUNITY PLAN 
Another diagram (Fig. 22-2) illustrates the 

key position of the ARRL emergency cottordina-
tor as chairman of the amateur-service plan-
ning committee. This indicates a "typical" 
set-up for a town or city, containing practically 
every element of proper program planning. 
Each group plan for utilization of amateur 

radio should contemplate tying the work of 
the different groups using different frequencies 
in emergency instances to an amateur radio 
control center. In simple wire overloads (minor 
emergencies) and where only a few amateurs in 
a locality are concerned, telephone connections 
between stations or from the coOrdinator him-
self to operators in each group, may suffice. As 
the communities covered are of larger size and 
the number of amateurs concerned is greater, it 
is essential that more complete plans for use of 
telephone, courier, or common v.h.f. channel 
with stringent circuit discipline be made to 
facilitate accurate message exchanges and full 
emergency control. Geographical considera-
tions may require the establishment of relay 
points within one large community. 
A potential list of the agencies served is in-

dicated at the left of Fig. 22-2, showing the 
organized groups of AEC member-stations 
(fixed, mobile, and emergency-powered) avail-
able in each of the different bands. Liaison is 
necessary with other communicating services 
as well as with those officials for whom we 
handle traffic. At some points airways com-
munications facilities, state police, sheriff's 
office, state forestry service or military com-
munisations facilities may be an important 
factor, or the local water bureau or public 
utilities supplying light and power might be 
served in important ways. 
A first important item for the coordinator 

and his planning committee then is to trans-
late our generalized diagram to a community 
plan that can be reduced to paper for a specific 
community. The final " blueprint" should 
show the names of representatives of agencies 
and their telephone numbers, the calls of 
amateurs representative of each frequency 
band/mode, and if practicable, any assign-
ments of special responsibility under existence 
of an emergency. 
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Three Phases of Emergency Planning • 

1) There are two types of provisions to be 
made for emergency radio coverage: (a) that 
for local short-haul work, ( b) that for necessary 
out-of-the-area or distant coverage. Emer-
gency coordinators have to make plans to 
cover both cases for implementation, separately 
or together, depending on the seriousness of 
the situation. 

2) In using radio in the simplest form of 
emergency work, there is but one objective: to 
establish contact with an outside point to 
report difficulties, summon aid, or communi-
cate intelligence of a limited character, when 
other means fail or are unavailable. Coverage 
to some outside point is the thing! 

3) When a populated center has its com-
munications crippled by causes that also dis-
rupt transportation, food and water supply, 
and other organized public services, the real 
emergency is basically the same, but the effects 
are greatly magnified by the increased re-
quirements. In addition to communicating 
considerable distances to get help from outside 
the paralyzed area, there is a problem of 
maintaining necessary communications, be-
tween workers within the area. 

Short-Haul Work — Local Nets 

Local emergency networks should be estab-
lished on a regular basis if possible, or on a 
stand-by basis with monthly tests and simu-
lated drills wherever facilities permit in all the 
larger cities. Some mobiles and portables 
usually are assigned to cover points deemed 
strategically important by city officials for 
expected emergency use. Ordinarily local nets 
will use v.h.f. bands. Whether two meters or 
six meters or ten meters is used will depend on 
the community and the number of voluntary 

amateur workers equipped on a common fre-
quency. In very large cities it may be justifiable 
to have local emergency nets using more than 
one amateur frequency band, with proper 
provision for traffic exchanged through com-
mon points. It is suggested that all regularly-
operating v.h.f. nets identified with particular 
communities dedicate themselves to emer-
gency operation in the event of any public need. 
The responsible net control stations will be 
glad to assist the appropriate ARRL ECs to 
permit occasional exceptional tests as well as 
participation in all major Amateur Emergency 
Corps exercises. 

H.F. Stations for Outside Contact 

Local stations working on lower amateur 
frequencies should be included in every com-
munity plan, for contact to outside points via 
ARRL trunk lines, section nets, and other 
h.f. or regional nets. Amateur-service planners 
should attempt to determine from agencies 
they expect to serve from what cities or points 
outside the immediate local area supplies, 
assistance or exchanges of communication 
would be required in event of possible emer-
gencies. The needs of some agencies may war-
rant advance designation of a station. Or the 
setting up of traffic schedules or stand-by c.w. 
telegraph arrangements between neighboring 
cities for accurate handling of record communi-
cations can be tried on a weekly or other re-
current basis. It is not desirable to have too 
many stations operating on h.f. in haphazard 
fashion when there is an emergency. In a 
major catastrophe designated stations shc 
be manned by several shifts of amateurs o 
24-hour basis, to avoid overworking one-n 
set-ups. Create least band congestion a 
give the best service! 
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Policies for Your Emergency Operating 

• DEFINITION — AGENCIES SERVED 
A communications emergency occurs when-

ever normal facilities are interrupted or over-
loaded. It may or may not involve general 
public participation. Public-relief-or-welfare 
emergencies during floods, tornadoes, hurri-
canes, blizzards, fires, explosions, or other 
unexpected conditions are usually accompanied 
by a communications emergency. 
Amateur radio is dedicated to serving any 

agency that it may help in public interest. The 
League has long had a cooperative understand-
ing with the National Headquarters of the 
American Red Cross, the primary agency 
serving in disasters. Long-term plans for co-
operation with relief agencies by ARRL results 
from careful and deliberate study and consul-
tation over a period of time. Work with the 
U. S. Weather Bureau, Division of Climatolog-
ical and Hydrologic Services, and with the 
Army Engineer Corps, which likewise has 
certain emergency responsibilities to the public, 
has developed as important in postwar ama-
teur radio. At the request of the Weather 
Bureau, the League has asked SCMs to desig-
nate liaison men with regional administrative 
offices of this agency in order that stand-by 
facilities (amateur nets) may be arranged in as 
many as practicable of 86 different river 
courses where emergency radio facilities might 
be needed. Aside from work with the men-
tioned agencies, present conditions do not 
permit the diversion of operator availabilities 
and station facilities to too great an extent. 

• ASSIST AS ONE STRONG, 
INTERCONNECTED FACILITY 

In emergencies, the public interest is para-
mount. Our effectives, who are organized and 
practiced in handling relief communications, 
are not so numerous as to permit their services 
to be devoted closely to assisting all the differ-
ent private or commercial interests that might 
like to have an exclusive radio service under 
emergency conditions. Interconnected nets as 
diagrammed, one organized group per com-
munity, can do the best job. So we say: Join 
the ARRL Emergency Corps. Build on the 
principle of one strong facility. 
Our function as radio amateurs is to provide 

emergency communication. We are not re-
sponsible for predicting when dams will fall, 
estimating lives lost or property damage. There 
are proper public officials to make technical 
reports on flood stages, and ask for food or 
nedical supplies. As amateurs we do not wish 
take it upon ourselves or be held responsible 
making pronouncements in such matters. 
e standing amateur policy is, therefore, to 
ndle information only from official sources 
d to be sure all information handled is defi-
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nitely signed or labeled as to its source, with 
rumors either not transmitted at all or plainly 
marked as such. 

• PROVIDING MESSAGE SERVICE 
Data on roads should come from the state 

police or highway department, information on 
weather and flood conditions from the U. S. 
Weather Forecaster, data on relief needs and 
property damage from the Red Cross or may-
or's office. Get your inquiries put in the form of 
messages. Information handled is not to be 
given out to reporters or individuals by ama-
teurs. We amateurs are obliged to observe the 
Communications Act, which imposes heavy 
penalties for violating the provisions on se-
crecy of correspondence. Only with express 
authority from a person or agency addressed 
may information be released. The message 
belongs to the addressee and the sender! 

Priorities 

Priorities (or precedence) will be determined 
by the degree of public interest involved in all 
traffic filed. Highest priority must be given 
vital first-traffic from officials and responsible 
agencies from an emergency-stricken area to 
points outside the affected terrain. Of a wholly 
secondary nature, personal-inquiry messages 
are commonly referred to as " agony" traffic. 
They do not rate the same " time" importance 
as official and agency messages which must 
be handled first. In the Texas City disaster in 
1947, at least two groups of amateurs rendered 
special service in the early history of that 
emergency by " dead-ending and delivering by 
courier" a large volume of inquiry messages 
which would have served only to congest al-
ready-overloaded emergency radio facilities to 
no good purpose. In view of the dispersion of 
" displaced persons" from flood areas and those 
otherwise devastated, it sometimes takes the 
appropriate welfare agency ten days to three 
weeks to locate some of the persons to whom 
inquiry traffic is directed from "outside," a 
fact that highlights the secondary nature of 
such messages. 

Address Traffic Correctly 

"Accuracy first" is a slogan constantly be-
fore communicators. No operator has a right 
in emergency or otherwise to change the ad-
dress or text of a message, once it has been filed 
and is en route. This compounds any chance 
for error. Service messages and notations 
should be filed supplementing traffic where ab-
solutely necessary. Originating stations must 
be especially careful to get correct and complete 
addresses. There are perhaps a dozen inquiry 
messages to our ham credit for each message 
from an official. But no message counts for 
anything but a black mark . . . if it cannot 
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be delivered. Even though the order of merit 
may not rate as heavily, the sum total of pub-
lic appreciation reaches an amazing total for 
completing the handling of " inquiry" mes-
sages. Of course no one files any message unless 
it's with the idea that it will mean something 
to him or the addressee. Using good message 
forms, standard operating procedure, phonetic 
word lists where voice is used, and asking for 
appropriate fills when necessary, reduces the 
chance of error. Giving oneself plenty of prac-
tice in handling record traffic before an emer-
gency comes along is the best precaution to 
insure accuracy. There are special satisfac-
tions and skill from this type of amateur 
operation, too. 

Authentication and Routing 

The signed message is the best identification 
for the person who receives a message. We 
recommend that amateurs link emergency 
stations direct to civil and military authorities, 
so that all messages derive from reliable 
sources. Broadcasters and others are often 
criticized for transmitting hearsay and rumors, 
even for sending traffic requiring delivery 
"broadcast" and the like. The more nearly 
our amateur service can make results conform 
to the pattern of commercial communications 
and not to the field of broadcasting, the higher 
are our achievements acclaimed by agencies 
served in emergencies! 

QRR 

QRR is the " official ARRL land SOS." It 
is a distress call for emergency use only, to 
be used only by a station definitely asking 
assistance! 

Operators outside emergency zones, de-
prived of power in major floods and other 
disasters, have in the past failed to appreciate 
adequately the problem of battery-and low-
powered stations trying to clear traffic and 
establish contact to " outside" points. It is 
all wrong for operators having picked up an 
inquiry message addressed to a point in a 
devastated area to work themselves up to the 
point of sending " CQ flood area" or some-
times even "QRR." Listening and cooperat-
ing by keeping quiet are practically always 
best for "outside stations" until they are 
called for. It is also a service for amateurs to 
forward inquiry traffic, during the secondary 
phases of an emergency after all-important 
first messages have been sent and answers 
delivered, but the practice of solicitation of 
public traffic of the inquiry type through 
broadcasting stations or otherwise is rather to 
be discouraged. All questions of priority and 
procedure should be decided by evaluation of 
each particular matter in the light of the 
degree of public interest involved. 

Keeping Channels Clear 

In past emergencies the greatest credit is 
due those amateurs who have acted as 

monitors on frequencies near those carrying 
emergency traffic to keep them clear. Every 
amateur licensee should quickly stand by and 
listen on request or suspicion that either a 
near-by or distant communications emer-
gency, large or small, is in progress. Only 
when convinced that he has every detail that 
can be learned from listening and can con-
tribute definite constructive effort to the 
people in the area where the difficulty exists, 
should a distant station try to communicate 
with the emergency station. Nine times out of 
ten such a station in all probability will indi-
cate by its calls the station, city, or direction 
with which communications are required. 

e FIXED TEXT MESSAGES —  "ARL" 
CHECK 

In the secondary or personal-inquiry phase 
of communications emergencies the use of 
numbered-text messages is recommended. At 
all times, of course, the recommended pho-
netic alphabet should be used on those chan-
nels employing voice. This will minimize 
possible chance of error and prevent misun-
derstandings, as difficult or unusual words 
occur. The numbered-text message series can 
be used also to avoid garbled texts. Extra 
care, repeat-backs and phonetics may be 
advantageous on addresses and signatures and 
the text shortened to insure absolute ac-
curacy. The following list of texts was pre-
pared with possible emergency needs and 
utility in mind. It is a special tool for special 
occasions. It should be used only when sta-
tions at each end of a QS0 are equipped with 
lists so that every message delivered or 
relayed to a station not having a list can be 
expanded. The device saves a great deal of 
repeat-transmission time and is, therefore, 
useful when a large volume of inquiries to be 
handled can just as well conform to the 
"numbered-text" plan. 

In using the following list the amateur 
starting the message sends the number cor-
responding to that particular text instead of 
the text itself. The letters ARL (short for 
American Radio Relay League numbered-
text-to-follow) must be placed before the 
figures of the check to show that the text is 
from this particular numbered text list. ARL 
identifies a communication as a message that 
has to be expanded for delivery or relaying to 
a station without such a list. In radio han-
dling, the number designating the text always 
should be spelled out, for accuracy. 

ONE 

TWO 
THREE 
FOUR 

FIVE 
SIX 
*SEVEN 
EIGHT 
NINE 

All safe. Do not be concerned about dis-
aster reports. 

Corning home as soon as possible. 
Am perfectly all right. Don't worry. 
Everyone safe here. Only slight proper+ 
damage. 

All well here. Love to folks. 
Everyone safe, writing soon. 
Reply by amateur radio. 
All safe, writing soon, love. 
Come home at once. 
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TEN Will be home as soon as conditions permit. 
ELEVEN Cannot get home. Am perfectly all right. 

Will be home as soon as conditions permit. 
*TWELVE Are you safe? Anxious to hear from you. 
*THIRTEEN Is  safe? Anxious to hear. 
*FOURTEEN Anxious to know if everything is OK. 

Please advise. 
*FIFTEEN Advise at once if you need help. 
*SIXTEEN Please advise your condition. 
*SEVENTEEN Kindly get in touch with us. 
*EIGHTEEN Please contact me as soon as possible (at 

 ). 
*Not to be solicited in emergency. 

Operators must be alert and careful to 
insure accurate, useful radio service by what-
ever method. Sent by itself ARL? means " Dc 
you have the list of ARRL numbered radio-
grams and are you ready for such a message?" 
ARL (reply) gives an affirmative answer to 
both questions. 

Example: NR 1 W1AW CK ARL 1 NEWING-
TON, CONNECTICUT MARCH 2 

(address) BT THREE BT JOHN AR. 

The principle of effective military com-
munication (and emergency communication 
requirements are very similar) is to use all 
channels intelligently without fear or favorit-
ism and as efficiently as possible. Accuracy, 
speed, and secrecy (avoiding public rumors) 
are all desirable and important considera-
tions in handling the priority traffic in 
emergencies. Accurate point-to-point work 
with messages receipted for properly in two-
way handling is preferable to any work pat-
terned after " broadcasting," and c.w. is the 
preferred method for such work. All amateur 
stations should endeavor to give officials and 
agencies written-out messages; our facilities 
are seldom used for conference exchanges 
when an emergency arrives. Both voice and 
c.w. operators should practise handling diffi-
cult messages, including same in prefimer-
gency tests. Traffic should be written on 
proper forms and delivered just as a telegraph 
office delivers messages. All traffic should be 
numbered to show origin and put in standard 
form to avoid duplications. Voice operators 
should be brief, talk as fast as good reception 
permits, repeat or use phonetics as required 
for accuracy, and should not comment casually 
about the text of messages. 
The important thing is to get the message 

through and to get it through exactly as it was 
given to us. The place of origin, date of the 
message, number of words and signature are 
all highly important to establish the responsi-
bility for statements made in the message, to 
permit evaluation of the message as to the 
conditions at the time it was sent, and to fix 
the place where it originated so a reply can 
be made if desired. The " word count" is 
helpful to make sure no words are added to or 
dropped from the text. 

Traffic Experience Counts; 
Make Delivery from First Outside Point 

Proper organization and establishment of 
nets, and tie-in with existing ARRL section 
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traffic-handling nets which specialize in doing 
an accurate, speedy job, can expedite service 
for agencies in any emergency. It is perfectly 
natural that the networks which dedicate their 
operating fun to handling some traffic regu-
larly can do a better job as to speed and 
accuracy than those that are thrown together 
haphazardly when an emergency presents 
itself. It is important to the amateur service 
that every ham participate in radio exercises 
and message handling in connection with 
Field Days and tests. This should make it 
possible to raise the level of skill from that of 
casual voice operation to that which permits 
successful, reasonably-accurate written-down 
work typifying a communications service best 
fitted to cope with any emergency that comes 
along. 
Once a message is transmitted outside an 

emergency zone it may be forwarded to its des-
tination by commercial or Government wire 
service. As long as wires are set up they 
should carry the load. Wire lines from second-
ary points greatly reduce radio interference. 
Where needed, however, amateur radio must 
do its share and do it effectively with as little 
noise and heroics as possible. Results are 
what count. 

Further Steps To Reduce Interference 

It is only good common sense to invite the 
attention of coordinators and amateurs gen-
erally to the necessity for complete utiliza-
_ tion in emergency of all the frequency bands 
having appropriate propagation character-
istics. Every c.w. frequency is a clear channel 
compared to the voice bands. Every one of 
the c.w. channels should be utilized, if pos-
sible, by amateurs who are able to put their 
code to work, before complaint of " conges-
tion" is made. This can be done only by 
having a sufficient number of trained, skilled 
operators, familiar with c.w. telegraph message 
handling, ready and on the job to supplement 
any voice channels that may be established. 
No one questions the value of voice work for 
conferences and fast local liaison, where re-
corded actionable information is not of prime 
importance and secrecy is not a considera-
tion. However, many agencies (Red Cross, 
Western Union, and Weather Bureau) that 
we expect to serve have stressed from time to 
time that secrecy from the public is impor-
tant to prevent leakage of information and 
the start of rumors, as well as to insure ac-
curacy — always a paramount consideration. 
The business of " calling in" to help, as 

engaged in by some casual operators, should 
be more and more curtailed in the future. 
Emergency calls to different points should 
come from the emergency-area stations. The 
amateur service should demonstrate " circuit 
discipline" in emergencies, cooperation in 
standing by and quickly appointing watchers 
over the frequencies used by emergency sta-
tions, to permit good work to go forward 
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without calling 
emergency. 

CHAPTER 22 

for official declaration of • THE REMOTE EMERGENCY 
Appointing Net Monitors To Reduce 

Interference 

Both c.w. and voice networks operating in 
future emergencies should make increased 
provision for appointing one of their number, 
not actually engaged in handling pertinent 
traffic, to " stand by." The function of this 
station should be to operate on an adjacent 
frequency (not exactly on the net freetuency 
itself) for the purpose of seeing that inter-
ference-free operation goes forward. If and 
whenever stations are observed to come on 
the frequency for work not pertinent to the 
emergency, the " monitor" opens up in busi-
nesslike fashion and in the fewest possible 
words arranges courteously and tactfully for 
the troublesome station to move elsewhere 
or desist from interference. 

• LOCAL EMERGENCIES 
With full advance participation in the AEC 

and through meetings at suitable intervals, 
almost all amateurs should know what is 
expected of them in emergency, and where 
they fit into community plans. 
In ease of any local trouble, report to the EC 

and ask for information, advising what you 
know and what you and your station can do to 
assist. 

/n local emergency, as many amateurs as 
possible should be ready to go into action 
based on their thorough familiarity with the 
local plans of the emergency coordinator 
and his committee. If it is a matter of isola-
tion of an individual or small party, or a wire 
disruption without any public emergency, the 
station participation will not require invoking 
FCC orders or declaration of a general emer-
gency in most cases. However, all amateurs 
should follow the rules for orderly standing by 
and helping with minimum use of the trans-
mitter, nevertheless. If a major area is con-
cerned or FCC has not yet acted, follow the 
principles outlined in this chapter and in 
the FCC regulations, whether or not yet in-
voked. 

Individual amateurs can assist most ma-
, terially during an emergency if they will keep 

the ARRL coordinator fully informed, thus 
assisting him to fulfill his normal functions 
creditably. By securing early reports from sev-
eral amateurs, an EC can assign appropriate 
h.f. stations to agencies and permit outgoing 
traffic to flow to points where communications 
are established to " outside." As amateurs 
report in, the EC will be able to place nu-
merous volunteer operators in key places 
where they can help by manning telephones, 
writing up messages, and setting up delivery 
systems, to insure proper results and over-all 
coordination such as are necessary to permit 
the amateur service to do a creditable job! 

Absolute silence, for those not in an emer-
gency area, is often the best form of coOpera-
tion. Unless and until one logs an emergency 
station giving a directive call for his very city, 
it is fitting that one stand by. The glory seeker 
who itches to be at his rig, whether micro-
phone or key, is not one whit a better citizen 
than the individual novelty seeker who tries to 
intercept police calls or tries to beat the fire 
engine to the fire, congesting the streets and 
increasing public losses and hazards! 

Let the operator working under emergency 
!onditions establish reliable contacts with 
stations as near to him as possible or at points 
logical for handling his traffic. Urge your locals 
(and places remote from any emergency) to 
stand by. Do not make an excuse for getting 
into a situation someone else can handle bet-
ter, by reason of his signal (propagation condi-
tions) or location. As a rule it is not necessary 
for stations many hundreds of miles distant 
to organize themselves into nets for an emer-
gency occasion, since the very nature of emer-
gency makes it a fifty-and-one-hundred-mile 
proposition. A learning-by-listening attitude 
permits the actual situation to be handled 
constructively, keeping interference . levels 
much lower. 

• RED CROSS WIRE NET 
Often a relatively small gap need be bridged 

by radio before communities with commercial 
power, wire service, and all modern means of 
providing aid can be reached. The American 
Red Cross now has a private wire system 
which operates coast-to-coast and functions 
not just for emergencies but for the daily 
handling of its organizational traffic. In future 
emergencies three of the points on this wire 
system, it is understood, will be a " delivery" 
point for any Red Cross messages. As we write, 
plans that may result in establishing three 
special dependable amateur service stations, 
under control of ARRL-affiliated groups or 
officials at points like Washington, Chicago, 
and San Francisco, are under study. The Red 
Cross will put wire printer loops into all such 
stations. Follow QST for operational plans of 
such key amateur stations, as established. 
They will be manned both day and night by 
radio amateurs to collect your inquiry and 
additional agency traffic during any major 
disaster! 
The Disaster Service of the American Red 

Cross recommends that under the above policy, 
for example, a local 3.5-Mc, station in Dela-
ware with a message from his chapter for 
Atlanta, Ga., might transmit this directly to 
the designated special amateur station at 
Washington, D. C., or a 28-Mc. Delaware ama-
teur with the same message might as readily 
send it directly to Chicago or San Francisco 
(if Washington is in his skip zone) where it 
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will be put on the wire printer system of the 
Red Cross Telecommunications Service to 
obviate additional relaying. This set-up should 
effectively reduce radio-interference levels, 

expedite deliveries, and, it is hoped, eliminate 
duplication in deliveries. Reducing the number 
of relays may also cut the possibility of garbles 
and errors. 

Cooperation with The American National Red Cross 

An official " understanding" between the 
Red Cross and amateurs, in effect for many 
years, has been reviewed and reaffirmed. This 
appears in the Disaster Preparedness and 
Relief Manual (ARC 209) published by the 
Red Cross. This manual, for the guidance of 
Red Cross chapters, assigns the function of 
providing and maintaining communication 
services to a subcommittee on transportation 
and communication. In preparing to meet the 
needs for communications incident to a disaster 
relief operation, the subcommittee is charged 
with surveying all communication resources 
within a chapter jurisdiction to obtain coiipera-
tion and plan necessary coordination and 
mobilization of appropriate facilities in any 
emergency situation. 

Officials of the ARRL Emergency Corps 
may be invited to serve on the subcommittee, 
with other members representing telephone 
and telegraph companies, radio stations of 
other services, NCR, AARS, or Air Corps 
communications agencies, where concerned. 
Additional " transportation" members serve 
on subcommittees. Here are pertinent extracts 
of the ARC 209 information: 

Every avenue of communication should be kept open to 
permit the prompt receipt and dispatch of Red Croes 
messages. If communications are cut, the subcommittee 
should establish courier service (by Boy Scouts, motor-
cycle, etc.), to the nearest communication outlet. Local 
telephone companies will tag the circuits for authorized 
Red Cross messages in emergency periods under a coilpera-
tive understanding with A. T. & T. The needs of other 
subcommittees for communications should be determined. 
Amateur radio stations and operators, including members 

of the ARRL, will be contacted to develop a plan for 
extending priority for emergency communications, and for 
receiving and transmitting all Red Cross messages, by tele-
phone, telegraph, or radio. Test drills should be held from 
time to time in coOperation with the Emergency Corps of 
ARRL. The American Radio Relay League has designated 
EMERGENCY COORDINATORS in many communities 
to unify the service of amateur radio operators for emer-
gency communications. The Emergency Coordinators or 
other designated representatives should be asked to assume 
radio communication responsibilities 88 part of the sub-
committees' plans. Such committee member should desig-
nate, and arrange for the services of amateur radio stations 
and the designation of these facilities, with other radio 
services, for the American Red Cross. 
THE SENDING OF UNAUTHORIZED MESSAGES, 

ESPECIALLY APPEALS FOR MEDICAL AND NURS-
ING PERSONNEL, SUPPLIES, AND FUNDS SHOULD 
BE DISCOURAGED. THE SUBCOMMITTEE SHOULD 
INFORM ALL COMMUNICATION AGENCIES OF 
THE PERSONS AUTHORIZED TO SEND RED CROSS 
MESSAGES. 
A WRITTEN PLAN FOR "WHEN DISASTER 

STRIKES" SHOULD BE FORMULATED. PLANS 
SHOULD BE MADE FOR THE MAINTENANCE OF 
A MESSAGE CENTER, IN TIME OF DISASTERS, 
UNDER THE CONTROL OF THE SUBCOMMITTEE, 
IN COÓPERATION WITH COMMUNICATION 
AGENCIES. 

Thus the Red Cross provides a special place 
for ARRL emergency cerdinators in its 
recommended set-up. This place dovetails 
perfectly with EC functions. It says (1) that 
amateurs will be taken into consideration, (2) 
that stations and operators will be lined up, 
(3) that simulated-emergency tests may be 
arranged — and (4) that the ARRL emer-
gency coiirdinator should designate the ama-
teur facilities or station(s) for particular 
service to the Red Cross — with full coOrdina-
tion with the other types of radio service 
represented in the subcommittee, of course. 
Amateurs may serve many agencies but it is 

to be noted that ARRL recognizes the Red 
Cross as the primary disaster relief agency, and 
therefore entitled to our best possible arrange-
ments. The Communications Department 
policy is to create and extend effective emer-
gency radio coverage to every possible com-
munity and Red Cross chapter jurisdiction, 
where advance preparedness may pay divi-
dends in the form of service. All amateurs are 
invited to become members of the Emergency 
Corps. Drills and other activities help make 
AEC tests enjoyable, and our ability to serve 
more effective! Meetings of SECs and ECs, to 
plan recruitment, and AEC drills, are highly 
desirable. , 
Emergency coordinators will find " Amer 

Red Cross, chap ofs" in the telephone book. 
Arrange to contact the appropriate chapter 
official to discuss these matters informally in 
person at a mutually convenient time. What 
are the local prospects for meetings of the Red 
Cross subcommittee and who are some of 
the other communications members? If no 
written plans involving communication are 
yet available, perhaps you can be of assistance 
by making a preliminary examination of the 
problems as you see them for an informal re-
port to the Red Cross Chapter on what could 
and should be done. If a group has been active, 
find out how amateur radio is represented in it. 

In such contact give the Red Cross folks the 
idea that you are a communicator, that (with-
out boasting) amateur stations have supplied 
vital help in many past emergencies of record. 
The official ARRL-RC "understanding" is 
detailed in the publication ARC 209 to which 
reference may be made by Red Cross person-
nel. You would like the opportunity to assist 
within the established RC framework, in the 
advance planning and review of communica-
tions plans relative to supply of emergency 
radio communications. You represent the 
amateur service and ARRL, of course. 
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FCC Amateur-Service Regulations Applicable 
to Emergencies 

All amateurs, insofar as possible, should be 
familiar with every word of all FCC regula-
tions applicable to amateurs. The numbered 
sections of the regulations particularly perti-
nent to emergencies (see § 12.156) should be 
religiously observed. 

Band Segments for Calling Only 

When FCC " declares" an emergency, the 
25-kc. segments on the designated band-edges 
are reserved by FCC for emergency calling. 
Band segments such as the following are then 
for emergency calling only: 3500-3525 kc., 
3975-4000 kc. 

First Five-Minute Listening Periods 
Required Hourly 

Every amateur operator using the desig-
nated frequency bands for handling relief and 
emergency traffic must stop and observe the 
five-minute hourly quiet period (0000-0005) 
. . . the only exception to that rule, following 
a declaration of public emergency by the FCC, 
is that a message of utmost priority being 
handled by an amateur in an emergency zone 
may be continued, ignoring this quiet-period 
requirement. 

Emergency Communications Bands 

Since 25-kc. band-edge segments are speci-
fied in the regulations as pertinent to any dec-
laration of a general public-service emergency, 
the remaining band segments are those that 
must be used for the purpose of handling all 
emergency traffic. Such bands are: 3525-3850 
kc., 3850-3975 kc. 

All Casual Operation Prohibited 

The text of the FCC emergency-applicable 
regulations is quoted specifically below. Note 
the directness and implication of the language! 
Casual conversation, incidental calling, testing, 
or working, unrelated to the emergency "shall be 
prohibited." Remarks not pertinent to con-
structive handling of the communications 
emergency situation are thus prohibited. The 
FCC in designating assisting amateur stations 
(§152.54d) says that these " will report stations 
failing to comply with any part of the emer-
gency rules." 

While there are limitations on the authority 
of the observer-policing stations, and since 
they act when possible in an advisory capacity, 
there is the expressed intention of the Com-
mission to examine fully the reports of the 
designated operators, taking any necessary 
disciplinary action after investigation of ex-
amples of non-compliance with the Com-
mission's regulations. 

• F.C.C. REQUIREMENTS SUMMARIZED 
The text of the current FCC regulations 

follows, these having complete force and effect 
from the time the FCC has " declared" a 
communications emergency until the Commis-
sion declares the emergency ended. 

Excerpts of § 12.156. Operations in emer-
gencies. 

In the event of widespread emergency conditions affecting 
domestic communication facilities, the Commission may 
confer with representatives of the amateur service and 
others, and if deemed advisable, declare that a state of gen-
eral communications emergency exists, designating the 
area or areas concerned (normally not exceeding 1,000 
miles from the center of the affected area), whereupon it 
shall be incumbent upon each amateur station in such area 
or areas to observe . . . restrictions for the duration of 
such emergency: (a) States that transmissions, other than 
those relating to relief work or other emergency service such 
as amateur networks can provide shall not be made within 
designated sub-bands. Incidental calling, testing and work-
ing, including casual conversations and remarks not per-
tinent or necessary to constructive handling of the emer-
gency situation, shall be prohibited. 

(b) Frequencies (designated channels) shall be reserved 
for emergency calling channels, for initial calls from isolated 
stations of first calls concerning very important emergency 
relief matters. . . . All stations having occasion to use 
such channels shall change as quickly as possible to other 
frequencies for communication. 

(c) A five minute listening period for the first five minutes 
of each hour (during which no traffic of less than the highest 
priority can be handled) is designated by this section. No 
replies to calls or resumption of routine traffic shall be 
made in the five minute (first five minutes of each hour) 
listening period. 

(d) FCC may designate certain amateur stations to assist 
in promulgating the emergency announcement, to police 
the bands of frequencies designated and to warn non-
complying stations observed to be operating therein. These 
stations shall report fully to the Commission on any non-
compliance, after notice with the pertinent provision. 
Policing-observer stations shall not enter into discussions 
with other stations beyond the furnishing of essential facts 
relative to the emergency. 

(e) The special conditions imposed under this section 
will cease to apply when the Commission terminates the 
emergency declaration. 

• TERMINATION OF EMERGENCY 
DECLARATIONS 

The termination of an FCC emergency order 
should not normally be anticipated at the exact 
time of restoration of wire facilities. Just as 
the FCC indicates that it will consult with 
those primarily interested in making a declara-
tion of public emergency, FCC will similarly 
examine the conditions " in the public interest" 
before it terminates any emergency order. At 
such time as the amateur service and represen-
tatives of wire and radio services can indicate 
to the FCC that communications facilities have 
been supplemented or restored so that all com-
munications filed can be handled on a current 
basis, the FCC may be expected to issue an 
order terminating any emergency declaration. 
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League Operating 

Organization 

Your ARRL arranges amateur operating 
activities, promotes preparation and organiza-
tion for communications emergencies, es-
tablishes procedure for efficient operation, 
encourages good operating, and maintains a 
strong field organisation. The Communications 
Department of the League is concerned with 
the practical operation of stations in all 
branches of amateur activity. Appointments or 
awards are available for rag-chewer, 'phone 
operator, traffic enthusiast, experimenter and 
DX man. It is the League's policy to benefit 
each group concerned along lines of natural 
interest. Activities have specific objectives, 
and widest participation is invited. This in-
sures maximum fun and benefit to all. 

Operation must have point and constructive 
purpose to win public respect. Each individual 
amateur is the ambassador of the entire fra-
ternity in his public relations and attitude to-
ward his hobby. ARRL field organization adds 
point and purpose to amateur operating. 

Organization of the League is by Divisions 
and by Sections. Members in each division 
and Canada elect sixteen Directors. With the 
President and Vice-President chosen by this 
group they constitute the governing and 
policy-making body of the League. Seventy-
one ARRL sections, the territory of the sev-
eral sections within each division determined 
jointly by the director and the communica-
tions manager, form convenient units for field 
organization and operating administration. 
Operating affairs in each section are super-
vised by a Section Communications Manager 
elected by members in that section for a two-
year term of office. Organization appointments 
are made by the section managers. The elec-
tion of officials is covered in detail in the 
League's Constitution and By-Laws. Section 
communications managers' addresses for all 
sections are given in full in each issue of 
QST. SCMs welcome monthly activity re-
ports from all amateur stations in their juris-
diction. Full information on appointments may 
be obtained from SCMs and is also contained 
in a League •booklet, Operating an Amateur 
Radio Station, which will be sent from Head-
quarters on request (100 to nonmembers). 

Whether your activity embraces 'phone or 
telegraphy, or both, there is a place for you in 
League organization. 

Organization Appointments 

The section manager desires representative 
appointees in each city and town and radio 
club. He studies geographical distribution 
and coverage in making leadership and station 
appointments, and gives consideration to the 
initiative, experience, tact, ability and other 
recognized qualifications of candidates, to build 
the best section organization possible. 

• LEADERSHIP POSTS 
To advance each type of station work and 

group interest in amateur radio, and to develop 
practical communications plans with the great-
est success, appointments of leaders and or-
ganizers in particular single-interest fields are 
made by SCMs. Each leadership post is im-
portant. Each provides activities and as-
sistance for appointee groups and individual 
members along the lines of natural interest. 
While some posts further the general ability 
of amateurs to communicate efficiently at all 
times, by pointing activity toward networks 
and round tables, others are aimed specifically 
at establishment of provisions for organizing 
the amateur service as a stand-by communi-
cations group to serve the public in disaster or 
emergency of any sort. 

Section Communications Manager 

The Section Manager is the section execu-
tive or administrator in operating matters. 
He is the only elected official for the section 
alone, and the office is open to election each 
two years, or oftener if a vacancy occurs. 
Requirements for nomination and the system 
of mail balloting are covered in the operating 
booklet. Section managers report on all fórms 
of amateur activity (for QST) monthly. Every 
active amateur licensee is invited to report 
his station activity to his SCM. Reports are 
mailed to Hq. by SCMs on or before the 1st of 
each month, for the reporting month, in main-
land U. S. A. and Canada. 
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The Section Emergency Coordinator 

Each SEC is appointed to promote and 
develop the ARRL Emergency Corps within 
his section. He endeavors to find qualified local 
leaders to organize amateur facilities in each 
and every town or city; he studies the need for 
regional nets and tie-ins with these cities as 
well as recommending individual EC territory 
and plans for grouped communities. The SEC 
promulgates membership drives, meetings, 
tests, procedure discussions; takes measures to 
overcome inertia and avoid jurisdictional con-
flicts in emergency work. Analysis of reports 
and monthly progress, and programs to get the 
fullest support of all amateurs, are his respon-
sibility at sectimi level. 

Emergency Coiirdinator 

Community organization for emergencies, 
the building of one strong amateur facility to 
serve all agencies, liaison with other com-
munications services as well as officials and 
groups likely to have disaster traffic, the setting 
up of drill periods and working out simulated-
emergency tests in an interesting manner, are 
all in the directive given this official. The 
Emergency CoOrdinator must be a man with 
initiative and organizing ability who will 
inspire the cooperation of all classes of ama-
teurs in his locality, attracting the support of 
active operators who may normally work in 
any of the bands. To develop broad plans it is 
recommended that every EC designate As-
sistant Coordinators, constituting his ama-
teur-service emergency planning committee, 
and representing each frequency band and 
geographical or club group for a given area. 
Emergency coordinators must know and use 
the principles of teamwork in assuring the 
successful implementation of tests and plan-
ning in advance of the occurence of actual 
emergencies. 

Route Manager 

The Route Manager is the authority on 
schedules and routes, and his station must be 
active in traffic and organization work. The 
route manager's duties include cooperation 
with all radio amateurs in his territory in or-
ganizing and maintaining traffic routes, nets, 
and schedules. RMs also test candidates for 
ORS appointment as directed by the SCM. 
Advice to amateurs wanting schedules or 
traffic routings via trunk lines, section nets, 
etc., will be given by RMs on request. 

Phone Activities Manager 

The 'Phone Activities Manager may spon-
sor 'phone-operating activities in his territory, 
in the name of the League. The PAM appoint-
ment, while paralleling that of RM in some 
respects, has to do with the upbuilding of 
ARRL-section 'phone organization. The 
'phone activities manager also tests candi-
dates for OPS when referred by the SCM. 

'Phone nets may develop ability to handle 
traffic or follow objectives divorced from 
traffic, as worked out with net members by 
the PAM. 

• STATION APPOINTMENTS 
ARAl.'s field organization has a place for 

every active amateur who has a station. The 
Communications Department organization 
exists to increase individual enjoyment in 
amateur radio work, and we extend a cordial 
invitation to every amateur to participate 
fully in the activities and to apply to the SCM 
for ORS, OPS, OES, OBS or 00 appointment 
as soon as sufficiently experienced in amateur 
radio work. 
The section manager makes appointments 

for specific work in accordance with the quali-
fications and rules for such appointments. He 
makes cancellations, likewise, for inactivity, 
inaptitude or failure to perform adequately 
the actions contemplated in appointment. All 
appointment certificates must be returned to 
SCMs annually for endorsement to keep them 
in effect — no trouble to this if there is con-
tinuing activity. The object is to keep field-
organization standards high, and insure a live-
functioning organization in each amateur group 
at all times. 

Official Relay Station Appointment 

Every radio-telegraphing amateur interested 
in traffic work and operating activities, who 
can meet the qualifications, is eligible for ap-

pointaient of his station as Official Relay Sta-
tion. Brass pounders handle traffic because 
they enjoy such work. The potential value to 
his community and country of the operator 
who handles traffic is enhanced by his ability, 
as well as by the readiness of his station and 
schedules to function for the community in 
emergency. 

The appointment identifies the holder with 
high standards of amateur operating, and in-
dicates personal keenness and responsibility. 
The holder voluntarily agrees to report each 
month, and with absolute reliability to for-
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ward and deliver messages regularly through 
his station. Secure application forms from 
your local SCM. See full details on require-
ments in the booklet Operating an Amateur 
Radio Station. 

Official 'Phone Station Appointment 

This appointment is for every qualified ham 
who uses his microphone more than his 
key in his amateur station, who takes pride in 
the manner of signal he puts on the air and who 
aims to have his station really accomplish 
worth-while communication work. Official 
'Phone Station appointees endeavor to live up 
to the Amateur's Code. OPS appointment aids 
'phone-operating enjoyment by helping to 
promote good voice-operating practices and 
readiness for meeting the demands of emer-
gency work. 

Cultivation of operating ability that is 
essential to assure accuracy, conciseness and 
speed for point-to-point work, in which this 
desirable technique is altogether different than 
in broadcasting, is encouraged. OPS tech-
nique and operating are designed to encourage 
fraternalism, facilitate tests between stations 
of the group, and cultivate by example a 
precept for excellence looked up to by other 
voice-operating stations. Official ' Phone Sta-
tion appointees, like ORS, agree voluntarily 
in accepting appointment that they will keep 
active stations and report on activities to the 
SCM monthly. Application forms are available 
from your SCM. 

Official Experimental Station 

The experimenting amateur also finds in the 
field organization an appointment designed to 
assist him in his aims. Official Experimental 
Station work is dedicated to progress in de-
veloping successful communications systems 
and equipment applications, and in collecting 
propagation data applicable to the v.h.f., 
u.h.f. and s.h.f. amateur bands. AMU., makes 
a special effort to coordinate OES reports on 
problems of interest to large numbers of ama-
teurs by over-all analysis of data reported. 
This experimenter appointment is available 
only to amateurs operating stations on bands 
above 50 Mc. 
The Official Experimental Station appoint-

ment is designed to cover our postwar require-
ments in promoting operating progress, from 
50 Mc. through the microwaves, as methods 
applicable to the use of these for various ama-
teur purposes may be evolved. The broad 
group aim will be production of data to aid in 
discussion and knowledge of transmission 
phenomena peculiar to each of our higher-
frequency bands. The correlation of reports 
and results on the broadest possible scale will 
assist us in knowing how to use antenna struc-
tures, from notation of the pattern of these 
radiations in different terrain and circum-
stances, as regards transmitted-wave polariza-
tion, absorption, refraction and reflection. 

Official Broadcasting Station 

OBS are appointed by section managers, 
and regularly transmit information specifically 
addressed to ARRL member-amateurs by 
code and voice, in all frequency bands. Official 
and special transmissions, daily except holi-
days, are made from the Headquarters station, 
W1AW. OBS appointees receive their informa-
tion direct from this source and by mail, up-
ward of 500 stations covering all ARRL 
sections with amateur information of national 
and local interest, with new information at 
least once a week. Member-stations must agree 
to render a good service on regular schedule to 
receive appointment, and power and signal 
quality are carefully considered. Many of the 
stations are so well operated that beginners use 
their transmissions for code practice. Hours 
between 6 P.M. and midnight have been 
chosen for most OBS schedules, for that is the 
time when most amateurs are listening. Code 
transmissions are preceded by the call "QST" 
for four or five minutes to inform amateurs 
this official information is to be sent. 

Official Observers 

To help all amateurs keep on assigned 
frequencies, and to assist brother amateurs in 
keeping clear of FCC citations and advisory 
notices and the penalties for infraction of regu-
lations, ARRL Official Observers are appointed. 
SCMs require such appointees to have an ac-
curate frequency meter, or other equipment 
for accurate work of the type in which a 
specific observer engages. Postal warning forms 
are provided for different classes of trouble. 
Reports direct to the amateurs concerned by 
radio or mail cover improper broadness, a.c. 
notes, overmodulation, poor speech quality, 
off-frequency operation, harmonic radiation or 
other emissions, and technical violations of 
good practice. If you need a frequency check 
(or other test) ask the SCM for the address of 
the 00. Observers not only help amateurs 
individually, they also protect the privileges 
of all amateurs and avert official Government 
restriction invited by the careless. Valuable 
occupancy and station-distribution surveys 
have been made several times in the history 
of the Observing System. The top 00 appoint-
ment requires qualification at intervals in actual 
Frequency Measuring Tests. The 00 certifi-
ficate is a badge of high technical proficiency 
in the measurement field. 

Emblem Colors 

Members of the League only may obtain 
the official League emblem and member sta-
tionery. Members wear the emblem with black-
enamel background. A red background for an 
emblem will indicate that the wearer is SCM. 
SECs, ECs, RMs, PAMs may wear the 
emblem with green background. Observers and 
all station appointees are entitled to wear 
emblems with blue background. 
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• SECTION NETS AND TRUNK LINES 
Amateurs can add much experience and 

pleasure to their own amateur lives, and sub-
stance and accomplishment to the credit of all 
of amateur radio, when organized into effective 
interconnection of cities and towns. 
The successful operation of a net depends 

a lot on the Net Control Station. This station 
should be chosen carefully and be one that will 
not hesitate to enforce each and every net rule 
and set the example in his own operation on 
the air. 
A progressive net grows, obtaining new 

members both directly and through other net 
members. Bulletins may be issued at intervals 
to keep in direct contact with the members 
regarding general net business, to keep tab 
on net procedure and make suggestions for im-
provement, to keep track of active members 
and weed out inactive ones. At least, a net 
manager will obtain and circulate as much 
information as possible to members. 

Official Relay Stations at key points are 
organized in trunk-line formation, covering 
fourteen east-west and north-south routes, 
connecting with numerous section and local 
networks and feeder systems for the purpose 
of efficient dispatch of traffic. Speedy and 
reliable work is carried on, the operation en-
tirely on separate spot frequencies in the 
3.5-Mc, amateur band. A station must hold 
ORS appointment to be considered for a 
t runk-line post. 

• RADIO CLUBS AND AFFILIATIONS 
It is the policy of the League to grant al - 

filiation to any amateur society having 51 
per cent of its licensed amateurs also mem-
bers of the ARRL. Where a society has com-
mon aims and wishes to add strength to that of 
other club groups to strengthen amateur radio 
by affiliation with the national amateur or-
ganization, a request addressed to the Com-
munications Manager will bring the necessary 
forms and information to initiate the applica-
tion for affiliation. Affiliated-club news appears 
in QST, and such clubs receive field-organiza-
tion bulletins and special information at in-
tervals for posting on club bulletin boards or 
for relay to their memberships. A travel plan pro-
viding communications, technical and secre-
tarial contact from the Headquarters is worked 
out seasonally to give maximum benefits to as 
many as possible of the more than four hun-
dred, affiliated radio clubs. Papers on club 
work, suggestions for organizing, for con-
stitutions, for radio courses of study, etc., are 
available in mimeographed form, free on re-
quest. 

Club Training Aids 

One section of the ARRL Communications 
Department devotes its full time to the Train-
ing Aids Program. This program is a service 

to affiliated clubs. Material is supplied for club 
programs aimed at education, training and 
entertainment of club members, to make your 
club meetings more interesting and conse-
quently better attended. 

Training Aids include such items as motion-
picture films, film strips, slides, recordings, 
and lecture outlines. Also, code-proficiency 
training equipment such as recorders, tape 
transmitters and tapes will be loaned when 
such items are available. Training Aids cannot 
presently be supplied to either nonamateurs or 
nonaffiliated clubs. 

All Training Aids materials are loaned free 
(except for shipping charges) to ARRL-
affiliated clubs. Data on affiliation are available 
on request and numerous groups use this new 
ARRL service to good advantage. If your club 
is affiliated but has not yet taken advantage 
of this service, you are missing a good chance 
to add the available features to your meeting 
programs and general club activities. Watch 
club bulletins and QST or write the ARRL 
Communications Department for full details. 

• W1AW 
The Maxim Memorial Station, W1AW, is 

on the air every day, except holidays. Operated 
by the League headquarters, W1AW is located 
about four miles south. of the Headquarters 
offices on a seven-acre site. Telegraph and 
'phone transmitters are provided for all bands 
from 3.5 to 144 Mc. The normal frequencies 
in each band for c.w. and voice transmissions 
are as follows: 3555, 3950, 7210, 14,150, 
11,280, 28,060, 29,150, 52,000 and 146,000 

kc. Operat-
ing-visiting 
hours and 
station pro-
grams are 
listed every 
other month 
in QST. 
W1AW is 

dedicated to 
fraternity 

and service. The available time is divided be-
tween different bands and modes. 

All amateurs are invited to visit W1AW, 
as well as to work the station from their own 
shacks. The station was made possible by the 
Board of Directors, and established to be a 
living memorial to Hiram Percy Maxim and 
carry on the work and traditions of the ama-
teur fraternity. 

• OPERATING ACTIVITIES 
Within the ARRL field organization (in 

which appointments are open for specified 
lines of work in ham radio for those with the 
qualifications) there are several special activi-
ties. The first Saturday night each month is set 
aside for all ARRL officials, officers, and di-
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rectors to get together over the air from their 
own stations. This activity is known to the 
gang as LO-NITE. Quarterly tests for official 
relay stations and official 'phone stations are 
scheduled to develop operating ability and a 
spirit of fraternalism. All League members 
may participate in the Annual ARRL Member 
Party, usually held in January. 

In addition to these special activities for ap-
pointees and members, ARRL sponsors vari-
ous other activities open to all amateurs. The 
DX-minded amateur may participate in the 
Annual ARRL International DX Competi-
tion scheduled during February and March. 
This popular coeest may bring you the satis-
faction of working new countries. Then there 
is the ever-popular Sweepstakes in November. 
Of domestic scope, the SS affords the oppor-
tunity to work new states for that WAS 
award. The interests of v.h.f. enthusiasts are 
also provided for in activities especially 
planned by ARRL. 

As in all our operating, the idea of having a 
good time is combined in the Annual Field Day, 
with the more serious thought of preparing 
ourselves to shoulder the communication load 
as emergencies turn up and the occasion re-
quires. A premium is placed on the use of 
equipment without connection to commercial 
sources of power supply. Clubs and individual 
groups alwàys have a good time, learn much 
about the requirements for knockabout con-
ditions afield, and achieve success in testing 
equipment. 

Contest activities are diversified to appeal to 
all operating interests, and will be found an-
nounced in detail in issues of QST preceding 
the different events. 

• AWARDS 
The League sponsors a variety of operating 

activities as mentioned above. TheseS have 
useful objectives and add much enjoyment for 
members of the fraternity. Point is also added 
to achievement through recognition in the 
following: 

WAS (Worked All States) 
DX Century Club 
Code Proficiency Award 
Rag Chewers Club 
A-1 Operator Club 
Brass Pounders League 
Old Timers Club 

WAS Award 

ARRL certificates are available for those 
radio amateurs who " work all forty-eight of 
the United States." 
WAS means " Worked All States." This 

award is available regardless of affiliation or 
nonaffiliation with any organization. Here are 
the few simple rules to follow in applying for 
a WAS Certificate: 

1) Two-way communications must be established on the 
amateur bands with all forty-eight United States: any and 
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all amateur bands may be used. A card from the District of 
Columbia may be submitted in lieu of one from Maryland. 

2) Contacts with all forty-eight states must be made 
from the same location. Within a given community one 
location may be defined as from places no two of which are 
more than 25 miles apart. 

3) Contacts may be made over any period of years, and 
may have been made any number of years ago, provided 
only that all contacts are from the same location. 

4) Forty-eight QSL carda, or other written communica-
tions from stations worked confirming the necessary two-
way contacts, must be submitted to ARRI. headquarters. 

5) Sufficient postage must be sent with the confirmations 
to finance their return. No correspondence will be returned 
unless sufficient postage is furnished. 

6) The WAS award is available to all amateurs. 
7) Address all applications and confirmations to the 

Communications Department, ARRL, 38 La Salle Road, 
West Hartford, Conn. 

List your missing states and go after QS0s 
with them. You will find it a very considerable 
operating achievement. How complete is your 
coverage? Your certificate awaits you. 

DX Century Club Award 

Here are the rules under which the DX 
Century Club Award will be issued to amateurs 
who have worked and confirmed contact with 
100 countries in the postwar period. If you 
worked fewer than 100 countries before the 
war and have since worked and confirmed a 
sufficient number to make the 100 mark, the 
DXCC is still available to you under the rules 
detailed on page 74 of June 1946 QST. 

1) The Century Club Award Certificate for confirmed 
contacts with 100 or more countries is available to all 
amateurs everywhere in the world. 

2) Confirmations must be submitted direct to ARRI. 
headquarters for all countries claimed. Claims for a total of 
100 countries must be included with first application. 
Confirmation from foreign contest logs may be requested 
in the case of the ARRL International DX Competition 
only, subject to the following conditions: 

a) Sufficient confirmations of other types must be sub-
mitted 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 case 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. 

e) 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 must 
be ignored. 
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3) The ARRL Countries List, printed periodically in 
QST,'will be used in determining what constitutes a " coun-
try." The Miscellaneous Data chapter of this Handbook con-
tains 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). 

8) All contacta 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 contacta 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. 

91 All stations must be contacted from the same call 
area, where such areas exist, or from the same 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 contacts must 
be made from within a radius of 150 miles of the initial 
location. 

10) Contacts may be made over any period of years from 
November 15, 1945, provided only that all contacts be made 
under the provisions of Rule 9, and by the same station 
licensee: contacts may have been made under different call 
letters in the same area (or country), if the licensee for all 
was the same. 

11) 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 disqualifica-
tion 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 of 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 specific 
objections relative to continued poor operating ethics an 
individual may be disqualified from the DXCC by action 
of the ARRL Awards Committee. 

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) certifi-
cates to all members of member-societies who 
submit proof of two-way communication with 
at least one station on each continent. Foreign 
amateurs submit their proof direct to member-
societies in the IARU. A c.w. and a telephony 
certificate are available. Also, special 28-Mc. 
endorsement will be placed on certificates upon 
receipt of request accompanied by proof of this 
way of having worked all continents. 

Code Proficiency Award 

A good many hams can follow the general 
idea of a contact " by ear" but when pressed 
to write it down as in real communications work 
they "muff" the copy. The Code Proficiency 
Award invites every man to prove himself as 
a proficient operator, and sets up a progressive 
system of awards for step-by-step gains in 
copying proficiency. It enables every radio 
amateur to check his code proficiency, to 
better that proficiency, and to receive a certi-
fication of his receiving speed. 

This program is a whale of a lot of fun. The 
League will give a certificate to any licensed 
radio amateur who demonstrates that he can 
copy perfectly by ear for at least one minute, 
plain-language Continental code at 15, 20. 
25, 30 or 35 words per minute, all of special 
monthly transmissions from your ARRI, sta-
tion, W1AW, or from We° and others men-
tioned in QST. 
There are two objectives: (1) To copy by 

ear, write down by pencil and paper, or bet-
ter yet, write on a " mill" what is sent, to 
qualify for a certificate and rating on the best 
one can now do. (2) To put in a few minutes a 
day operating our atation at the best speeds 
we can, also listening and copying PX and prac-
tice transmissions to train our powers of co-
ordination, in order to win from the,League the 
conspicuous endorsement that will be awarded 
to go on that first Proficiency Certificate 
whenever we can boost our speed honestly 
another 5 w.p.m.! 
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One of these handsome certificates is yours if you can 
make one minute's solid copy of the monthly ARRL 
Code Proficiency qualifying run. The schedules of 
W1AW and other stations transmitting such runs are 
announced in each issue of QST. Submit your copy to 
ARRL headquarters for checking. Progress in code 
proficiency is shown after initial qualification, if below 
35 w.p.m., by a separate dated endorsement sticker to 
be attached to the award as shown. All licensed ama-
teurs are invited to try for the Code Proficiency Certif-
icate and endorsements. 

W1AW transmits practice material at 
speeds from 9 to 35 w.p.m. The tape transmis-
sions are of plain-language material, accom-
panied by identification of the station, and the 
speed is briefly indicated. 



LEAGUE OPERATING ORGANIZATION 

Rag Chewers Club 

The Rag Chewers Club is designed to en-
courage friendly contacts and discourage the 
"hello-good-by" type of QSO. Its purpose is 
to bond together operators interested in honest-
to-goodness rag-chewing over the air. Member-
ship certificates are available. 

How To Get In: ( 1) 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 you talk 
with to do the same. When both reports are received you 
will be sent a membership certificate entitling you to all the 
privileges of a Rag Chewer. 
How To Stay In: ( 1) Be a conversationalist on the air in-

stead of one of those tongue-tied infants who don't know any 
words except " cuagn" or " cul," or " QRU" or " nil.' Talk 
to the fellows you work with and 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 " RCC" after each call so that others may know 
you Mk talk as well as call. 

A-I Operator Club 

The A-1 Operator Club should include in its 
ranks ever 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 
candidates under the club rules detailed at 
length in Operating an Amateur Radio Sta-
tion. Aim to make yourself a fine operator, 
and one of these days you will be pleasantly 
surprised by an invitation to belong to the A-1 
Operator Club, which carries a worth-while 
certificate in its own right. 

Brass Pounders League 

Every individual reporting more than a 
specified minimum in official monthly traffic 
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totals is given an honor place in the QST 
listing known as the Brass Pounders League. 
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 (in traffic handling) 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 activity 
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 " Old 
Timers Club," you will be added to the roster 
and will receive a membership certificate. 

• INVITATION 
Amateur radio is capable of giving enjoy-

ment, self-training, social, and organization 
benefits in proportion to what the individual 
amateur puts into his hobby. All amateurs are 
invited to become ARRL members, to work 
toward awards, and to accept the challenge 
and invitation offered in field-organization 
appointments. Drop a line for the booklet 
Operating an Amateur Radio Station, which 
has detailed information on the field-organiza-
tion appointments and awards. Accept today 
the invitation to take full part in all ARRL 
activities and organization work. 



CHAPTER 24 

Miscellaneous Data 

• THE DECIBEL 
In most radio communication the received 

signal is converted into sound. This being the 
case, it is useful to appraise signal strengths in 
terms of relative loudness as registered by the 
ear. A peculiarity of the ear is that an increase 
or decrease in loudness is responsive to the 
ratio of the amounts of power involved, and is 
practically independent of absolute value of the 
power. For example, if a person estimates that 
the signal is " twice as loud" when the trans-
mitter power is increased from 10 watts to 
40 watts, he will also estimate that a 400-watt 
signal is twice as loud as a 100-watt signal. In 
other words, the ear has a logarithmic response. 
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This fact is the basis for the use of the 
relative-power unit called the decibel. A change 
of one decibel (abbreviated db.) in the power 
level is just detectable as a change in loudness 
under ideal conditions. The power ratio and 
decibels are related by the following formula: 

P2 
Db. = 10 log - 

Pi 

Common logarithms (base 10) are used. 
Note that the decibel is based on power 

ratios. Voltage or current ratios can be used, 
but only when the impedance is the same for both 
values of voltage, or current. The gain of an 
amplifier cannot be expressed correctly in db. 
if it is based on the ratio of the output voltage 
to the input voltage unless both voltages are 
measured across the same value of impedance. 
When the impedance at both points of measure-
ment is the same, the following formula may 
be used for voltage or current ratios: 

Db. = 20 log. ! 
/2 

or 20 log - 
/I 

The two formulas are shown graphically in 
the accompanying chart for ratios from 1 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 power has 
been multiplied by 4, while - 6 db. means 
that the power has been divided by 4. The 
chart may be used for other ratios by adding 
(or subtracting, 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 or 
current ratios. 

Example: The power input to a transmitter is 
increased from 75 to 600 watts. Assuming that 
the efficiency is the same in both case k the ratio 
of the new output power to the old is .0/75 =8. 
From the chart, the signal will be increased 9 db. 
Note that increasing the power to 750 watts, 
a ratio of 10, would increase the signal to 10 
db., a barely perceptible increase over 600 watts. 

Example: A speech amplifier has an output of 
10 watts when excited by 0.02 volt from a crystal 
microphone. The nominal impedance of the mi-
crophone is 50,000 ohms. In a 50,000-ohm load, 
the voltage developed by the 10 watts would be 

E = VPR = VIO x 50,000 = V500,000 
= 707 volts 

The voltage ratio of the amplifier therefore is 
707 '0.02 = 35,350. This is the same as 3.5 X 
10,000. A voltage ratio of 10,000 00.) is equal to 
4 X 20 = 80 db. From the chart, a voltage 
ratio of 3.5 = 11 db. Adding the two gives 
11 80 = 91 db. as the gain of the amplifier. 
Example: A transmission line is terminated in 

its characteristic impedance and operates with-
out standing waves. The power put into the 
line is 150 watts, but the power measured at the 
output end is 100 watts. The ratio is 150/100 
= 1.5. From the chart, this ratio is equal to 
1.9 db. The loss in the line is therefore 1.9 db, 

DECIMAL EQUIVALENTS OF FRACTIONS 

1/32  03125 17/32  .53125 
1/16  0625 9/16  .5625 

3/32  09375 19/32  .59375 
1/8  .125 5/8  .625 

5/32  .15625 21/32  .65625 
3/16  .1875 11/16. . . . .6875 

7/32  .21875 23/32  .71875 
1/4  .25 3/4  .75 

9/32  28125 25/32  .78125 
5/16  .3125 13/16 .8125 

11/32  34375 27/32  .84375 
3/8  .375 7/8  .875 

13/32  .40625 29/32  .90625 
7/16  .4375 15/16.....9375 

15/32  .46875 31/32  .96875 
1/2  .5 1  1.0 

848 
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SYMBOLS FOR ELECTRICAL QUANTITIES 

Ad mitt ance 
Angular velocity (27rf) 
Capacitance 
Conductance 
Conductivity 
Current 
Difference of potential 
Dielectric constant 
Dielectric flux 
Energy 
Frequency 
Impedance 
Inductance 
Magnetic intensity 
Magnetic flux 
Magnetic flux density 
Magnetomotive force 
Mutual inductance 
Number of conductors or turns 
Period 
Permeability 
Phase displacement 
Power 
Quantity of electricity 
Reactance 
Reactance, Capacitive 
Reactance, Inductive 
Reluctivity 
Resistance 
Resistivity 
Susceptance 
Speed of rotation 
Voltage 
Work 

y 

G,g 

I, 
E, e 

1,17 

Z, z 

H 

o 
P, P 
(2,q 
X, 
Xc • 

R, r 

E, e 

Pilot-Lamp Data 

Lamp Bead Base Bulb 
No. Color (Miniature) Type 

RATING 

40 Brown Screw T-334. 

40A' Brown Bayonet T-3 h 

41 White Screw T-3 h 

42 Green Screw T-3 h 

43 White Bayonet T-3 h 

44 Blue Bayonet T-3 h 

45 Bayonet T-3 h 

462 Blue Screw T-3 h 

471 Brown Bayonet T-3 h 

48 Pink Screw T-3 h 

492 Pink Bayonet T-3 h 

White Screw T-3 h 

49A" White Bayonet T-3 h 

50 White Screw G-33 

se White Bayonet G-3 % 

White Screw G-4 ;¡ 

55 White Bayonet G-4 h 

282 White Screw T-3 h 

292A, White Bayonet T-3 h 

1455 Brown Screw G-5 

1455A Brown Bayonet G-5 

Volte 

6-8 

6-8 

2.5 

3.2 

2.5 

6-8 

3.2 

6-8 

6-9 

2.0 

2.0 

2.1 

2.1 

6-8 

6-8 

6-8 

6-8 

2.9 

2.9 

18.0 

18.0 

Amp. 

0.15 

0.1s 

0.5 
* * 

0.25 
* * 

0.25 

0.15 

0.06 

0.06 

0.12 

0.12 

0.2 

0.2 

0.4 

0.4 

0.17 

0.17 

0.25 

0.25 

* White in G.E. and Sylvania; green in National 
Union Raytheon and Tung-Sol. 

** 0.35 in G.E. and Sylvania; 0.5 in National Union 
Raytheon and Tung-Sol. 

40A and 47 are interchangeable. 
2 Have frosted bulb. 
49 and 49A are interchangeable. 

'Replace with No. 48. 
5 Use in 2.5-volt sets where regular bulb burns out 

too frequently. 

ABBREVIATIONS 

Alternating current 
Ampere (amperes) 
Amplitude modulation 
Antenna 
Audio frequency 
Centimeter 
Continuous waves 
Cycles per second 
Decibel 
Direct current 
Electromotive force 
Frequency 
Frequency modulation 
Ground 
Henry 
High frequency 
intermediate frequency 
Interrupted continuous waves 
Kilocycles (per second) 
Kilovolt 
Kilowatt 
Magnetomotive force 

FOR ELECTRICAL AND RADIO TERMS 

a (.. 
a. 
AM 
ant. 
a.f. 
CI11. 

C.W. 

c.p.s. 
db. 
d.c. 
e.m.f. 
f. 
FM 
gnd. 
h. 
h.f. 
i.f. 
i.c. w. 
kc. 
kv. 
kw. 
m.m.f. 

Medium frequency 
Megacycles (per second) 
Megohm 
Meter 
Microfarad 
Microhenry 
Micromicrofarad 
Microvolt 
Microvolt per meter 
Microwatt 
Milliampere 
Millivolt 
Milliwatt 
Modulated continuous waves 
Ohm 
Power 
Power factor 
Radio frequency 
Ultrahigh frequency 
Very-high frequency 
Volt (volts) 
Watt (watts) 

m.f. 
Mc. 
MU 
m. 
dd. 
gh. 
pfd. 
pV. 

µV/111. 

µW. 

ma. 
mv. 
MW. 

M.C.W. 

P• • 
r.f. 
u.h.f. 
v.h.f. 
V. 
w. 
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Constant- k 17 section 

Constant- k Tsectthn 

LK= 4-7T-fc CK =4* R 

000  

oC7:1--i e à 
L 

02 T T o . o 2 T. 2 0 
Constant-k n section 

LOW-PASS FILTERS 
L, 

LK LK -1 
2 7 

RI 

0  
TcK 7  C2 

Constant- k T section m - derived T section 

m - derived ir section 

L = C = 
K K 77 fc.F2 

- mz L, = mL K CI= 4m CK 

I - m1 
L2= 7-.r—n LK C2 =m CK 

 HIGH- PASS FILTERS 

L, 

m -derived 7r section 

0-1 
2C, 

Cz 
o o 

m - derived 7- section 

4/11 C = = 

L2 = LK C2= I" , CK 

LI( CIK 

Constant- A' 7/ section 

2C,. 2C,K 
0-‘0000,-1 Et0000,-0- 1 

C2K R 

Constant- k Tsection 

f2-f 
L1K= s'lm= art tif2R 

BANDPASS FILTERS 
L; 

o 

2C, 
lLlliJCk 

T  T çr2  T 
en - derived end sections for use 

with intermediate 77 section 

1.2 2 2 2L 2 

C2 

m - derived end sections for use 
with intermea'iate Tsection 

Li = M LK C, = .1 4rr12 

1-m2 
L2 = 4m Lk = m Ck 

m-derived end sections for use 
witit intermediate ir section 
2C, 

L2 I-- 2C-III .È 0 
212 

Cz 
Î' o_z -L- _1_0 

in - derived end section for use 
with intermediate Tsection 
= = 4M , CK 

- 
1-m2 K I r11 

, LK 

- ni 
C 4"1 C 2 I- m2 

o 

Three- dement n sedion 

o-dia-1111,0050,-0 
2C, 2C, 

0  

Three -dement ri section 

2C, 2C, 
0-,0000,1 1-4000r-0 

Lo Lo 
7 

Three- dement Tsecton Three-dement Tsection 

f, R 
L,=L IK LÇ= 412) =n7Ç-g?;) C, = C,K 

L (fz-f)R r c , _(f-PR  
zie = 4rrf,f, -2K R I 47-Efiri. -2= 471f, 2 I 4 R L2= L2K 

1  
C 2= C 2 ,, C. ' 

ri(f,+f2)R 
C 

.2 -  trr f, trf,(f2-t)R ï- 'f; 
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• FILTERS 
The filter sections shown on the opposite 

page can be used alone or, if greater attenua-
tion 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 
frequency, the highest (for the low-pass) or the 
lowest (for the high-pass) frequency trans-
mitted without attenuation. In the bandpass-
filter designs, fl is the low-frequency cut-off 
and f2 the high-frequency cut-off. 

If several low- (or high-) pass sections are to 
be used, it is advisable to use m-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 atten-
uation. A value of 0.6 is usually used for m, al-
though 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 0.8f. for the high-pass 
filter. Other values can be found from 

= ‘/1 — (1 for the low-pass filter and 

= ‘/ 1 (t)2 for the high-pass filter. 

The filters shown should be terminated in 
a resistance R, and there should be little or 
no reactive component in the termination. 

Simple audio filters can be made with pow-
dered-iron-core chokes and paper condensers, 
but above this range mica condensers should 
be used. The values of the components can 
vary by ±5% with little or no reduction in 
performance. The more sections there are to 
the filter the greater is the need for accuracy in 
the components. High resistance in the coils or 
appreciable leakage in the condensers will also 
reduce the effectiveness of the filter. 

• TUNED-CIRCUIT RESPONSE 
The graph below gives the response and 

phase angle of a high-Q parallel-tuned circuit. 

1.0 

OD 

02 0.3 OA 05 0.7 1.0 
I s CYCLES or, IMONANCE 
Zi RESONANT AtE01/11ICY 

4 

Circuit Q is equal to 

27rfRC or 
2711L 

*here 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. 

• VOLTAGE DECAY 
IN RC CIRCUITS 

The accompanying chart enables calculation 
of the instantaneous voltage across the termin-
als of a condenser discharging through a 
resistance. The voltage is given in terms of 
percentage of the voltage to which the con-
denser is initially charged. To obtain the 

100 
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5 N 
05 1.5 2 2.5 3 

CR 

voltage-decay time in seconds, multiply the 
factor (t/CR) by the time constant of the re-
sistor-condenser circuit. 

Example: A 0.01-pfd. condenser is 
charged to 150 volts and then allowed 
to discharge through a 0.1-megohm re-
sistor. How long will it take the volt-
age to fall to 10 volts? In percentage, 
10/150 = 6.7%. From the chart, the 
factor corresponding to 6.7% is 2.7. 
The time constant of the circuit 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. 

Example: An RC circuit is desired 
in which the voltage will fall to 50% 
of the initial value in 0.1 second. From 
the chart, 1/CR = 0.7 at the 50%-volt-
age point. Therefore CR=1/0.7=0.1 
/0.7=1.43. Any combination of resis-
tance and capacitance whose product 
(R in megehmaand Cm microfarads) 
is equal to 1.43 can be used; for ex-
ample, C could be 1 µfd. and R 1.43 
megohms, 
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TABLE OF DIELECTRIC CHARACTERISTICS 

Dielectric 
material' 

Dielectric 
constant 
(K) 

Power factor Dielectric 
strength 
(puncture 
voltage) 2 

Volume 
re8istivitil 3 (0) 60 

cycles 
I ka. 
• 

1 Me. 10 Me. 100 Me. 

Air (normal pressure)  1.0 19.8-22.8 
AlSiMag A196   5.7-6.3 2.9 0.21 0:15 240 10" 
Aniline formaldehyde   3-5 1-6 400 
Asphalts  2.7-3.1 2.3 25-30 
Bakelite - See Phenol 
Beeswax  2.9-3.2 
Casein plastics 4  6.1-6.4 5.2-6 165 
Castor oil  4.3-4.7 7 380 
Celluloid  4-16 5-10 
Cellulose acetate 5  6-8 3-6 4-6 4-6 5.5 300-1000 4.5 X 1015 
Cellulose nitrate 5  4-7 2.8-5 300-780 2-30 X1015 
Ceresin wax  2.5-2.6 0.12-0.21 
Cresol formaldehyde   6 10 400 
Dilectene  3.57 0.33 
Ethyl cellulose   2-2.7 0.7 1.2 1.5 1500 1015 
Fiber  5-7.5 4.5-5 150-180 5 xio9 
Formica MF-66  4.6-4.9 1.5 1.1 450 
Glass: 
Cobalt  7.3 0.7 
Common window  7.6-8 1.4 200-250 
Crown  6.2-7 1 13 500 
Electrical  4-5 0.5 2000 8 X 1014 
Flint  7-10 0.45 0.4 
Nonex  4.2 0.25 0.28 
Photographic  7.5 0.8-1 
Plate  6.8-7.6 0.6-0.8 
Pyrex  4.2-4.9 0.5 0.7 0.54 335 10" 

Gutta percha  2.5-4.9 200-500 5 X 10 14-10 15 
Lucite 7  2.5-3 7 5 1.5-3 1.9 480-500 
Melamine formaldehyde   8 16 300 
Mica  2.5-8 0.2 0.3 0.2-6 0.02 2 X 1017 
Mica (clear India)  6.4-7.5 2 2 2 2 600-1500 
Mycalex  7.4 0.18 250 1013 
Mycalex (British)  8 0.3 350 
Mykroy  6.5-7 0.1-0.2 630 
Nylon  3.6 2.2 
Paper  2.0-2.6 1250 
Paraffin wax (solid)  1.9-2.6 0.1-0.3 300 1015-1015 
Pemque  7.21 0.2 
Phenol: 5 
Pure  5 1 400-475 1.5 X 1012 
Asbestos base  7.5 15 90-150 
Black molded  5-5.5 3.5 400-500 
Fabric base  5-6.5 3.5-11 150-500 
Mica-filled  5-6 0.8-1 475-600 
Paper base  3.8-5.5 2.5-4 650-750 1015-1013 
Yellow  5.3-5.4 0.36-0.7 500 

Polyethylene  2.3-2.4 0.02 0.02 0.02-0.05 1000 1017 
Polyindene  3 0.04 
Polyisobutylene  2.4-2.5 0.04-5 0.05 500 1015 
Polystyrene')  2.4-2.9(2.8) 0.02 0.018 0.02 0.02 0.02 500-2500 1025 
Porcelain (dry process)  6.2-7.5 0.7-15 40-100 5 x I& 
Porcelain (wet process)  6.5-7 0.6 150 
Pressboard (untreated)  2.9-4.5 . 125-300 
Pressboard (oiled)  5 750 
Quartz (fused)  3.5-(3.8) 0.01 0.01 0.015-0.03 0.01 0.05 200 1014-1015 
Rubber (hard) 15  2-3.5(3) 0.5-1 450 10'2-1015 
Shellac  2.5-4 0.09 900 1015 
Steatite: 11 
"Commercial" grade  4.9-6.5 0.02 0.2 0.2 0.4 0.5 
"Low-loss" grade  4.4 0.02 0.2 0.2 0.18 0.13 150-315 1014-1015 

Titanium dioxide 12  90-170 0.1 0.1 
Urea formaldehyde 13  5-7 3-5 2-3 2-4 4 300-550 1013-1013 
Varnished cloth 14  2-2.5 2-3 440-550 
Vinyl resins  4 1.4-1.7 400-500 1014 
Vitrolex  6.4 0.3 
Wood (dry oak)  2.5-6.8(3) 3.8 4.2 
Wood (paraffined maple)   4.1 115 

Most data taken at 25° C 
2 Puncture voltage, in volts per mil. Most data apply 

to relatively thin sections and cannot be multiplied directly 
to give breakdown for thicker sections without added safety 
factor. 

3 In ohm-cm. 
4 Includes such products as Aladdinite, Ameroid, Galalith, 

Erinoid, Lactoid, etc. 
5 Includes Fibestas, Lumerith, Nixonite, Plastacele, 

Tenite, etc. 
8 Includes Amerith, Nitron, Nixonoid, Pyralin, etc. 
7 Methylmethacrylate resin. 
Phenolaldehyde products include Acrolite, Bakelite, 

Catalin, Celeron, Dielecto, Durez, Durite Formica, Gem-
stone, Heresite, Indur, Makalot, NIarblette, Micarta, Opal-
on, Prystal, Resinox, Synthane, Textolite, etc. Yellow bake-
lite is so-called " low-loss" bakelite. 

Includes Amphenol 912A, Distrene, Intelin IN 45, 
Loalin, Lustron, Quartz Q, Rezoglas, Rhodolene M, Ronilla 
L. Styraflex, Styron, Trolitul, Victron, etc. 

15 Also known as Ebonite. 
11 Soapstone - Alberene, Alsimag, Isolantite, Lava, etc. 
" Rutile. Used in low temperature-coefficient fixed con-

densers. 
13 Includes Aldur, Beetle, Plaskon, Pollopas, Prystal, etc. 
14 Includes Empire cloth. 
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By use of the chart above, the approximate reactance of any capacitance from 1.0 /add. to 10 mfd, at any fre-
quency from 100 cycle â to 100 megacycles, or the reactance of any inductance from 0.1 ph. to 1.0 henry, can be 
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 respective slanting lines for the capacitance 
and inductance. The point where they intersect, i.e., where the reactances are equal, is the resonant frequency 
(projected downward and read on the frequency scale). 

ELECTRICAL CONDUCTIVITY OF METALS 

Relative Temp.Coeffi.2 Relative Temp. Coeffi.2 
Conductivity' of Resistance Conductivity 1 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 0.00089 
Heat-treated  30-45 Molybdenum  33.2 0.0033 

Brasa  28 0.002-0.007 Monel  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  3-15 
Copper (annealed)  100 Tin  13 0.0042 
Everdur  6 Tungsten  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)  e   2-12 An increase of 1 in A. W. G. or B. & S. wire size increases 
Iron (wrought)  11.4 resistance 25%. 

An increase of 2 increases resistance 60%. 
An increase of 3 increases resistance 100%. 

1 At 20° C., based on copper as' 100. 2 Per °C. at 20° C. An increase of 10 increases resistance 10 times. 
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INDUCTANCE, CAPACITANCE AND FREQUENCY CHART — 1.5-40 MC. 
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This chart may be used to find the values of inductance and capacitance required to resonate at any given fre-
quency in the medium- or high-frequency ranges: or, conversely, to find the frequency to which any given coil-
condenser combination will tune. In the example shown by the dashed lines, a condenser has a minimum capacitance 
of 15 gad. and a maximum capacitance of 50 gad. If it is to be used with a coil of 10-gh. inductance, what fre-
quency range will be covered? The straightedge is connected between 10 on the left-hand scale and 15 on the right, 
giving. 13 Mc. as the high-frequency limit. Keeping the straightedge at 10 on the left-hand scale, the other end is 
swung to 50 on the right-hand scale, giving a low-frequency limit of 7.1 Mc. The tuning range would, therefore, be 
from 7.1 \ 1c. to 13 Mc., or 7100 kc. to 13,000 kc. The center scale also serves to convert frequency to wavelength. 
The range of the chart can be extended by multiplying each of the scales by 0.1 or lo. In the example above, if 

the capacitances are 150 and 500 gad. and the inductance 100 gh., the range becomes approximately 231 to 422 
meters or 0.7 to 1.3 Mc. Alternatively, 1.5 to 5 gad. and 1 gh. will give a range of approximately 71 to 130 Mc. 



COPPER-WIRE TABLE 

Turner per Linear Inch 2 TurnsperSguareInch 2 Lb. 

Ohm. 

FeelerCurrent 
Carrying Nearest 

Thom. Circular per Capacity Diam. British 
No. 

B. & S. 
in 

Masi 
Mil 
Area Enamel S.C.C. 

D.S.C. 

or D.C.C. S.C.C. 
Eliot/id 

D.C.C. Bare D.C.C. 
1000 ft. 
W C. 

at 
1500 C.M. 

Per 

in mm. S.W.G. 
No. 

S.C.C. Amp.3 

' 
1 
2 
3 

289.3 
257.6 
229.4 

831390 
66370 
52640 

-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 

-- 
-- 
__ 

-- 
__ 
_- 

3.947 
4.977 
6.276 

-- 
__ 
__ 

.1284 

.1593 

.2009 

55.7 
44.1 
35.0 

7.348 
8.544 
5.827 

1 
3 
4 

4 204.3 41740 -- -- -- -- -- -- -- 7.914 __ .2533 27.7 5.189 5 

5 181.9 33100 -- -- -- -- -- __ __ 9.980 __ .3195 22.0 4.821 7 

8 182.0 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 .8405 11.0 3.264 10 

9 114.4 13090 8.6 -- 8.2 7.8 -- -- -- 25.23 24.6 .8077 8.7 2.908 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 18 

15 57.07 3257 16.8 -- 15.8 14.7 262 250 223 101.4 97.3 3.247 2.2 1.450 17 

18 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 23.8 23.6 22.0 10.8 493 454 399 203.4 188 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 .88 .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 28.48 810.1 33.1 32.7 29.8 28.0 940 895 754 407.8 370 13.05 .54 .7230 22 

22 25.35 642.4 37.0 36.5 34.1 30.0 1150 1070 910 514.2 461 18.46 .43 .6438 23 

23 22.57 509.5 41.3 40.6 37.8 31.6 1400 1300 1080 648.4 584 20.78 .34 .5733 24 

24 20.10 404.0 46.3 35.3 41.5 35.6 1700 1570 1260 817.7 745 28.17 .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 

26 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 1839 1422 52.48 .13 .3808 29 
28 12.64 159.8 72.7 68.8 80.2 48.5 3870 3350 2310 2067 1759 68.17 .11 .3211 30 

29 
30 

11.26 
10.03 

128.7 
100.5 

81.6 
90.5 

74.8 
83.3 

65.4 
71.5 

51.8 
55.5 

4300 
5040 

3900 
4660 

2700 

3020 

2607 

3287 

2207 
2534. 

83.44 
105.2 

.084 

.067 
.2859 
.2546 

31 
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 03.8 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 6188 266.0 .028 .1601 38 

35 5.615 31.52 158 132 104 73.5 10900 8700 -- 10480 6737 335.0 .021 .1428 38-39 

38 
37 

5.000 
4.453 

25.00 
19.83 

175 
198 

143 
154 

111 
. 118 

77.0 
80.3 

12200 
-- 

10700 
• -- 

-- 
__ 

13210 
18660 

7877 
9309 

423.0 
533.4 

.017 

.013 
.1270 
.1131 

39-411 
41 

38 3.985 15.72 224 166 126 83.6 -- -- __ 21010 10686 672.6 .010 .1007 42 

39 3.531 12.47 248 181 133 88.8 -- -- -- 26500 11907 848.1 .008 .0897 43 

40 3.145 9.88 282 194 140 89.7 -- -- -- 33410 14222 1089 .008 .0799 44 

A mil s 1/1000 (one-thousandth) of an *nch. 
2 The figures given are approximate only, since the thickness of the insulation varies with different manufacturers. 
2 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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STANDARD METAL GAUGES 
Gauge I merican U. S. Birmineta m 
No. oi B. & S. Standard 2 or Stubs 3 

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 .1875 .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 .06408 .078125 .083 

15 .05707 .0703125 .072 
16 .05082 .0625 .065 

17 .04526 ..05625 .058 

18 .04030 .05 .049 
, 19 .03589 .04375 .042 

20 .03196 .0375 .035 
21 .02846 .034375 .032 
22 .02535 .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 .0109375 .010 

32 .007950 .01015625 .009 
33 .007080 .009375 .008 

34 .006350 .00859375 .007 
35 .005615 .0078125 .005 

36 .005000 .00703125 .004 
37 .004453 .006640626 .... 
38 .003965 .00625 
39 .003531 

40 .003145 

1 Used for aluminum, copper, brass and nonfer-
rous alloy sheets, wire and rods. 

2 Used for iron, steel, nickel and ferrous alloy 
sheets, wire and rods. 

3 Used for seamless tubes; also by ROM° manufac-
turers for copper and brass. 

MUSICAL SCALE 

Approximate frequencies of notes of the musical 
scale, based on A-440. 

(Bottom Octave) 

Note Frequency Note Frequency 
A-I 28 Middle C - C3 262 
A#-1 29 
B-1 31 
Co 33 t 
CM 35 
Do 37 al .1., 

it 1:10 39 17. 
j Fo c.) Eo 41 44 8 

18 
.1 41 Ftlo 46 tZ 
8:2 ' Go 49 
.0 GM 52 
7"2 Ao 55 
&,. AM 58 

Cl i 
Bo 62l 65 

CM 69 o Ce 
Dl 73 
Di11 78 
El 82 'g' 
Fl 87 

CI> F#1 93 
GI OS 
G#1 104 
AI 110 
A#1 117 
B1 123 ≥ 
C2 131 .8 
C#2 139 : C.1 

a Dl 147 D#2 156 

j rj E2 165 -o 2 

F#2 185 '.' E. 
.ge F2 175 à 

!.... 02 196 
M G#2 208 
tZ A2 220 

A#2 233 
B2 247 ≥ 

â 

≥ Z.) 

8 

'ee.g 

CIlS 277 
D3 294 

311 
E3 330 
F3 349 
F#3 370 
03 392 
G#3 415 
Al 440 
A#3 466 
B3 494 
C4 523 
C#4 554 
D4 587 
D#4 622 
E4 659 
F4 698 
F#4 740 
G4 784 
G#4 831 
A4 880 
A#4 932 
B4 988 
C5 1047 
C#5 1109 
D5 1175 
DM 1245 
E5 1319 
F5 1397 
Fit5 1480 
G5 1568 
GM 1661 

1760 
AM 1865 
B5 1976 
C6 2093 
CM 2217 
D6 2349 
DM 2489 
E6 2637 
F6 2794 
F#6 2960 
G6 3136 
GM 3322 
A6 3520 
AM 3729 
B6 3951 
C7 4186 

LETTER SYMBOLS FOR VACUUM-TUBE NOTATION 

Grid potential 
Grid current 
Grid conductance 
Grid resistance 

Grid bias voltage 
Plate potential 

Plate current 

Plate conductance 

Plate resistance 

Plate supply voltage 

Cathode current 

Emission current 

Eg, 

¡g, 

Ec 

E0, ep 

lb, I, iP 

gP 

rp 

Eb 

II 

Mutual conductance 
Amplification factor 

Filament terminal voltage 
Filament current 

Grid-plate capacitance 
Grid-cathode capacitance 
Plate-cathode capacitance 

Grid capacitance (input) 

Plate capacitance (output) 

gm 

ei 
Ef 

If 

Cgk 

Cpk 

Cs 

CO 

NOTE. - Small letters refer to instan-
taneous values. 



MISCELLANEOUS DATA 557 

GREEK ALPHABET 

Greek Letter Greek Name 
English 

Equivalent 

A a Alpha a 
B ft Beta b 
r 7 Gamma g 

A 8 Delta d 
E e Epsilon e 
Z g- Zeta z 
H n Eta é 
0 O Theta th 
I t Iota i 
K K Kappa k 
A X Lambda 1 
M a Mu m 
N o Nu n 
E. k Xi x 
0 o Omicron o 
II Ir Pi p 
Pp Rho r 
z a Sigma S 

T r Tau t 
ir u Upsilon u • 
4) 49 Phi ph 

X x Chi ch 
* 4, Psi ps 
It (9 Omega 5 

THE R-S-T SYSTEM 
READABILITY 

1 — Unreadable. 
2 — Barely readable, occasional words distinguish-

able. 
3 — Readable with considerable difficulty. 
4 — Readable with practically no difficulty. 
5 — Perfectly readable. 

SIGNAL STRENGTH 

I — Faint signals, barely perceptible. 
2 — Very weak signals. 
3 — Weak signals. 
4 — Fair signals. 
5 — Fairly good signals. 
ti — Good 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 a.c. note, moderately musical. 
5 — Musically-modulated note. 
— Modulated note, slight trace of whistle. 

7 — Near d.c. note, smooth ripple. 
8 — Good d.c. note, just a trace of ripple. 
9 — Purest d.c. note. 

If the signal has the characteristic steadiness of 
crystal control, add the letter X to the RST report. 
If there is a chirp, the letter C may be added 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. 

CI SIGNALS 

Given below are a number of Q signals whose meanings most often need to be expressed with brevity and clearness in 
amateur work. (Q abbreviations take the form of questions only when each is sent followed by a question mark.) 

QAV Are you calling me? I am calling. . . . gsm shall I repeat the last telegram I sent you? Repeat 
QRG Will you tell me my exact frequency in kilocycles? the last telegram you sent me. 

Your frequency is. kc. QS0 Can you communicate with direct (or 
QRH Does my frequency vary? Your frequency varies. through )? I can communicate with 
QRI Is my note good? Your note varies,  direct (or through ). 
QRJ Are you receiving me badly? Are my signals weak? QSP Will you relay to 9 I will relay to  

I cannot receive you. Your signals are too weak. QSV Shall I send a series of VVV 9 Send a series 
QRK What is tho readability of my signals (1 to 5)? The of VVV. 

readability of your signals is... (I to 5). QSW Will you send on ke., etc'.? I will send on 
QRL Are you busy? I am busy or busy with ( )  kc., etc. 
QRM Are you being interfered with? I am interfered with. QSX Will you listen for (call sign) on kc.? 
QRN Are you troubled by atmospherics? I am being I am listening for .... on .... kc. 

troubled by atmospherics. QSY Shall I change to kilocycles without chang-
QRQ Shall I send faster? Send faster ( words per ing the type of wave? Change to kc. with-

min.). out changing type of wave. 
QRS Shall I send more slowly? Send more slowly (.... QSZ Shall I send each word or group twice? Send each 

w.p.m.) word or group twice. 
QRT Shall I stop sending? Stop sending. QTA Shall I cancel nr as if it had not been sent? 
QRU Have you anything for me? I have nothing for you. Cancel nr as if it had not been sent. 
QRV Are you ready? I am ready. QTB Do you agree with my number of words? I do not 
QRW Shall I tell that you are calling him? Please agree with your number of words; I will repeat 

tell  • that I am calling him, the first letter of each word and the first figure of 
QRX Shall I wait? When will you call me again? Wait (or each number. 

wait until I have finished with ). I will QTC How Many telegrams have you to send? I have.... 
call you at o'clock (or immediately). telegrams for you or for  

QRZ By whom am I being called? You are being called by QTH What is your position (location)? My location 
is (by any indication.) 

QSA What is the strength of my signals (1 to 5)? The QTR What is the exact time? The time is  
strength of your signale is (1 to 5). 

QSB Does the strength of my signals vary? The strength 
of your signals varies. Special abbreviations adopted by ARRL: 

QSD Is my keying correct? Are my signals distinct? Your QST General call preceding a message addressed to all 
keying is incorrect; your signals are bad, amateurs and ARRL members. This is in effect 

QSG Shall I send telegrams (or one) at a time? "CQ ARRL." 
Send telegrams at a time. QRR Official ARRL " land SOS." A distress call for 

QSL Can you give me acknowledgment of receipt? I give emergency use only by a station in an emergency 
you acknowledgment of receipt. situation. 
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ABBREVIATIONS FOR C.W. WORK 

Abbreviations help to cut down unnecessary transmission. However, make it a rule not to abbreviate unnecessarily 
when working an operator of unknown experience. 

AA 
AB 
ABT 
ADR 
AGN 
ANT 
BCI 
BCL 
BK 
BN 
B4 

CFM 
CK 
CL 
CLD-CLG 
CUD 
CUL 
CUM 
CW 
DLD-DLVD 
DX 
ECO 
FB 
GA 
GB 
GBA 
GE 
GG 
GM 
ON 
GND 
GUD 
HI 
ER 
HV 
HW 
LID 
MILS 
MSG 
N 
ND 
NIL 
NR 

All after 
All before 
About 
Address 
Again 
Antenna 
Broadcast interference 
Broadcast listener 
Break; break me; break in 
All between; been 
Before 
Yes 
Confirm; I confirm 
Check 
I am closing my station; call 
Called; calling 
Could 
See you later 
Come 
Continuous wave 
Delivered 
Distance 
Electron-coupled oscillator 
Fine business; excellent 
Go ahead (or resume sending) 
Good-by 
Give better address 
Good evening 
Going 
Good morning 
Good night 
Ground 
Good 
The telegraphic laugh; high 
Here; hear 
Have 
How 
A poor operator 
Milliamperes 
Message; prefix to radiogram 
No 
Nothing doing 
Nothing; I have nothing for you 
Number 

NW 
OB 
OM 
OP-OPR 
OSC 
OT 
PBL 
PSE-PLS 
PWR 
PX 

RAC 
RCD 
REF 
RPT 
SED 
SEZ 
SIG 
SINE 
SEED 
SRI 
SVC 
TFC 
TMW 
TNX-TK8 
TT 
TU 
TXT 
UR-URS 
VFO 
VY 
WA 
WB 
WD-WDS 
WICD-WKG 
WL 
WUD 
WX 
XMTR 
XTAL 
YF (XYL) 
YL 
73 
88 

W PREFIXES BY STATES 

Alabama W4 
Arizona  W7 
Arkansas . W5 
California W6 
Colorado WO 
Connecticut WI 
Delaware W3 
District of Columbia W3 
Florida W4 
Georgia  W4 
Idaho W7 
Illinois  W9 
Indiana  WO 
Iowa WO 
Kansas , WO 
Kentucky W4 
Louisiana W5 
Maine . WI 
Maryland  W3 
Massachusetts W1 
Michigan  W8 
Minnesota WO 
Mississippi W5 
Missouri  WO 
Montana  W7 

Now; I resume transmission 
Old boy 
Old man 
Operator 
Oscillator 
Old timer; old top 
Preamble 
Please 
Power 
Press 
Received solid; all right; OK; are 
Rectified alternating current 
Received 
Refer to; referring to; reference 
Repeat; I repeat 
Said 
Says 
Signature; signal 
Operator's personal initials or nickname 
Schedule 
Sorry 
Service; prefix to service message 
Traffic 
Tomorrow 
Thanks 
That 
Thank you 
Text 
Vow; you're; yours 
Variable-frequency oscillator 
Very 
Word after 
Word before 
Word; words 
Worked; working 
Well; will 
Would 
Weather 
Transmitter 
Crystal 
Wife 
Young lady 
Best regards 
Love and kisses 

Nebraska WO 
Nevada W7 
New Hampshire WI 
New Jersey  W2 
New Mexico  W5 
New York W2 
North Carolina W4 
North Dakota  WO 
Ohio  W8 
Oklahoma W5 
Oregon W7 
Pennsylvania  W3 
Rhode Island  WI 
South Carolina W4 
South Dakota  WO 
Tennessee  W4 
Texas  W5 
Utah  W7 
Vermont  W I 
Virginia  W4 
Washington W7 
West Virginia W8 
Wisconsin  W9 
Wyoming  W7 
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INTERNATIONAL PREFIXES 

Below is the list ol prefixes assigned to the countries of the world by the 1947 International 
Radio Conference at Atlantic City. While not yet officially in force, it is reproduced here be-
cause it embodies the essentials of the present (Cairo) table as well as contains new assign-
ments which will undoubtedly see use in the future. 

AAA-ALZ United States of America 
AMA-AOZ (Not allocated) 
APA-ASZ Pakistan 
ATA-AWZ India 
AXA-AXZ Commonwealth of Australia 
AYA-AZZ Argentina Republic 
BAA-BZZ China 
CAA-CEZ Chile 
CFA-CKZ Canada 
CLA-CMZ Cuba 
CNA-CNZ Morocco 
COA-COZ Cuba 
CPA-CPZ Bolivia 
CQA-CRZ Portuguese Colonia 
CSA-CUZ Portugal 
CVA-CXZ Uruguay 
CYA-CZZ Canada 
DAA-DMZ Germany 
DNA-DQZ Belgian Congo 
DRA-DTZ Bieloruasian Soviet Socialist Republic 
DUA-DZZ Republic of the Philippines 
EAA-EHZ Spain 
EIA-EJZ Ireland 
EKA-EKZ Union of Soviet Socialist Republics 
ELA-ELZ Republic of Liberia 
EMA-EOZ Union of Soviet Socialist Republics 
EPA-EQZ Iran 
ERA-ERZ Union of Soviet Socialist Republics 
ESA-ESZ Estonia 
ETA-ETZ Ethiopa 
EUA-EZZ Union of Soviet Socialist Republica 
FAA-FZZ France and Colonies and Protectorates 
GAA-GZZ Great Britain 
HAA-HAZ Hungary 
HBA-HBZ Switzerland 
HCA-HDZ Ecuador 
HEA-rIEZ Switzerland 
HFA-HFZ Poland 
HGA-HGZ Hungary 
HHA-HHZ Republic of Haiti 
HIA-HIZ Dominican Republic 
HJA-HKZ Republic of Colombia 
HLA-HMZ Korea 
HNA-HNZ Iraq 
HOA-HPZ Republic of Panama 
HQA-HRZ Republic of Honduras 
HSA-HSZ Siam 
HTA-HTZ Nicaragua 
HUA-HUZ Republic of El Salvador 
HVA-HVZ Vatican City State 
HWA-HYZ France and Colonies and Protectorates 
HZA-HZZ Kingdom of Saudi Arabia 
IAA-IZZ Italy and Colonies 
JAA-JSZ Japan 
JTA-JVZ Outer Mongolia Peoples Republic 
JWA-JXZ Norway 
JYA-JZZ (Not allocated) 
KAA-KZZ United States of America 
LAA-LNZ Norway 
LOA-LWZ Argentina Republic 
LXA-LXZ Luxemburg 
LYA-LYZ Lithuania 
LZA-LZZ Bulgaria 
MAA-MZZ Great Britain 
NAA-NZZ United States of America 
OAA-OCZ Peru 
ODA-ODZ Republic of Lebanon 
OEA-0EZ Austria 
OFA-OJZ Finland 
OKA-OMZ Czechoslovakia 
ONA-OTZ Belgium and Colonies 
OUA-OZZ Denmark 
PAA-PIZ Netherlands 
PJA-PJZ Curacao 
PKA-POZ Netherlands Indies 
PPA-PYZ Brazil 
PZA-PZZ Surinam 
QAA-QZZ (Service abbreviations) 

RAA-RZZ 
SAA-SMZ 
SNA-SRZ 
SSA-SUZ 
SVA-BZZ 
TAA-TCZ 
TDA-TDZ 
TEA-TEZ 
TFA-TFZ 
TGA-TGZ 
THA-THZ 
TIA-TIZ 
TJA-TZZ 
UAA-UQZ 
URA-UTZ 
UUA-UZZ 
VAA-VGZ 
VFLA-VNZ 
VOA-VOZ 
VPA-VSZ 
VTA-VWZ 
VXA-VYZ 
VZA-VZZ 
WAA-WZZ 
XAA-XIZ 
XJA-XOZ 
XPA-XPZ 
XQA-XRZ 
XSA-XSZ 
XTA-XWZ 
XXA-XXZ 
XYA-XZZ 
YAA-YAZ 
YBA-YHZ 
YIA-YIZ 
YJA-YJZ 
YKA-YKZ 
YLA-YLZ 
YMA-YMZ 
YNA-YNZ 
YOA-YRZ 
YSA-YSZ 
YTA-YUZ 
YVA-YYZ 
YZA-YZZ 
ZAA-ZAZ 
ZBA4.JZ 
ZKA-ZMZ 
ZNA-ZOZ 
ZPA-ZPZ 
ZQA-ZQZ 
ZRA-ZUZ 
ZVA-ZZZ 
2AA-2ZZ 
3AA-3AZ 
3BA-3FZ 
3GA-3GZ 
3HA-3UZ 
3VA-3VZ 
3WA-3XZ 
3YA-3YZ 
3ZA-3ZZ 
4AA-4CZ 
4DA-4IZ 
41A-4LZ 
4MA-4MZ 
4NA-40Z 
4PA-4SZ 
4TA-4TZ 
4UA-4UZ 
4VA-4VZ 
4WA-4WZ 
4XA-4ZZ 
5AA-5ZZ 
6AA-6ZZ 
7AA-7ZZ 
SAA-8ZZ 
9AA-9ZZ 

Union of Soviet Socialist Republics 
Sweden 
Poland 
Egypt 
Greece 
Turkey 
Guatemala 
Costa Rica 
Iceland • 
Guatemala 
France and Colonies and Protectorates 
Coma Rica 
France and Colonies and Protectorates 
Union of Soviet Socialist Republics 
Ukrainian Soviet Socialist Republic 
Union of Soviet Socialist Republics 
Canada 
Commonwealth of Australia 
Newfoundland 
British Colonies and Protectorates 
India 
Canada 
Commonwealth of Australia 
United States of America 
Mexico 
Canada 
Denmark 
Chile 
China 
France and Colonies and Protectorates 
Portuguese Colonies 
Burma 
Afghanistan 
Netherlands Indies 
Iraq 
New Hebrides 
Syria 
Latvia 
Turkey 
Nicaragua 
Rumania 
Republic of El Salvador 
Yugoslavia 
Venezuela 
Yugoslavia 
Albania 
British Colonies and Protectorates 
New Zealand 
British Colonies and Protectorates 
Paraguay 
British Colonies and Protectorates 
Union of South Africa 
Brazil 
Great Britain 
Principality of Monaco 
Canada 
Chile 
China 
France and Colonies and Protectorates 

(Not allocated) 
Norway 
Poland 
Mexico 
Republic of the Philippines 
Union of Soviet Socialist Republics 
Venezuela 
Yugoslavia 
British Colonies and Protectorates 
Peru 
United Nations 
Republic of Haiti 
Yemen 
(Not allocated) 
(Not allocated) 
(Not allocated) 
(Not allocated) 
(Not allocated) 
(Not allocated) 
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A.R.R.L. COUNTRIES LIST 

Official List for ARRL DX Contest and the Postwar DXCC 

Aden and Socotra Island VSO 
Afghanistan YA 
Alaska KL7 
Albania ZA 
Aldabra Islands  
Algeria FA 
Andaman Ids. and Nicobar Ids  
Andorra PX 
Anglo-Egyptian Sudan ST 
Angola CR6 
Argentina LU 
Ascension Island ZD8 
Australia (including Tasmania)...VK 
Austria  1  OE 
Azores Islands CT2 
Bahama Islands VP7 
Bahrein Island   
Baker Island, Howland Island and 
Am. Phoenix Islands KB6 

Balearic Islands EA6 
Barbados VP8 
Basutoland ZS4 
Bechuanaland  
Belgian Congo 8. e 
Belgium  
Bermuda Islands VP9 
Bhutan  
Bolivia  ' CP 
Bonin Islands and Volcano 

Islands (e.g., Iwo Jima)  
Borneo, British North VS4 
Borneo, Netherlands PK5 
Brazil PY 
Brunei VS5 
Bulgaria LZ 
Burma XZ 
Cameroons, French FE8 
Canada VE 
Canal Zone KZ5 
Canary Islands EA8 
Cape Verde Islands CR4 
Caroline Islands  
Cayman Islands VP5 
Celebes and Molucca Islands PK6 
Ceylon VS7 
Chagos Islands VQ8 
Channel Islands GC 
Chile CE 
China XU, C 
Christmas Island ZC3 
Cypperton Island  
Cocoa Island TI 
Cocos Islands ZC2 
Colombia HK 
Comoro Islands  
Cook Islands ZK1 
Corsica  
Costa Rica TI 
Crete SV 
Cuba CM-CO 
Cyprus ZC4 
Czechoslovakia OK 
Denmark OZ 
Dodecanese Islands (e.g., Rhodes) SV5 
Dominican Republic HI 
Easter Island  
Ecuador TIC 
Egypt SU 
Eire (Irish Free State) EI 
England G 
Eritrea 16 
Ethiopia ET 
Faeroes, The OY 
Falkland Islands VP8 
Fanning Island (Christmas 

Island) VR3 
Fiji Islands VR2 
Finland OH 
Formosa (Taiwan)  
France F 
French Equatorial Africa FQ8 
French India FN 
French Indo-China FI8 
French Oceania (e.g., Tahiti) F08 
French West Africa FF8 
Fridtjof Nansen Land (Franz 

Josef Land)  
Galapagos Islands  
Gambia 7D3 

Germany D 
Gibraltar ZB2 
Gilbert & Ellice Islands and 
Ocean Island 

Goa(Portuguese India)  
Gold Coast (and British 
Togoland) ZD4 

Greece SV 
Greenland OX 
Guadeloupe FG8 
Guantanamo Bay NYI 
Guatemala TG 
Guiana, British VP3 
Guiana, Netherlands (Surinam). PZ 
Guiana, French, and Inini FY8 
Guinea, Portuguese CR5 
Guinea, Spanish  
Haiti  
Hawaiian Islands  
Honduras  
Honduras, British 
Hong Kong  
Hungary  
Iceland  
Ifni  
India VU 

EP-Eir(i 

 V111 
CR8 

Iran 
Iraq 
Ireland, Northern GI 
Isle of Man GD 
Italy 
Jamaica 
Jan Mayen Island  
Japan J 
Jarvis Island, Palmyra group 

(Christmas Island) KP6 
Java PK 
Johnston Island KJ6 
Kenya VQ4 
Kerguelen Islands  
Korea  
Kuwait  
Laccadive Islands   VU4 
Leeward Islands VP2 
Liberia EL 
Libya (LI) 
Liechtenstein HE! 
Little America KC4 
Luxembourg LX 
Macau CR9 
Madagascar FB8 
Madeira Islands CT3 
Malaya VS1, VS2 
Maldive Islands  
Malta  
Manchuria  
Marianas Islands (Guam) KG6 
Marshall Islands  
Martinique FM8 
Mauritius VQ8 
Mexico XE 
Midway Island  K1116 
Miquelon and St. Pierre ,, 

Islands FP8 
Monaco  
Mongolia  
Morocco, French CN 
Morocco, Spanish EA9 
Mozambique CR7 
Nepal  
Netherlands PA 
Netherlands West Indies PJ 
New Caledonia FK8 
Newfoundland and Labrador VO 
New Guinea, Netherlands PK6 
New Guinea, Territory of VK9 
New Hebrides FU8, YJ 
New Zealand ZL 
Nicaragua YN 
Nigeria ZD2 
Niue ZK2 
Norway LA 
Nyasaland  ZD6 
Oman  
Palau ( Pelew) Islands  
Palestine  
Panama  
Papua Territory  
Paraguay  
Peru  

Philippine Islands KA 
Phoenix Islands ( British)  
Pitcairn Island VR6 
Poland SP 
Portugal CT 
Principe and Sao Thome Islands  
Puerto Rico KP4 
Reunion Island  FR8 
Rhodesia, Northern VQ2 
Rhodesia, Southern ZE 
Rie de Oro  
Roumania YR 
Ryukyu Islands (e.g., Okinawa)  
St. Helena ZD7 
Salvador YS 
Samoa, American KS6 
Samoa, Western ZM 

HR Sarawak VS5 
K116 Sardinia  
HR Saudi Arabia (Hedjaz and Nejd) HZ 

 VP! Scotland GM 
. VS6 Seychelles VQ9 
HA Siam HS 
TF Sierra Leone ZDI 
Sikkim (AC3) 
Solomon Islands VR4 
Somaliland, British VQ6 
Somaliland, French FL8 
Somaliland, Italian   
South Georgia VP8 
South Orkney Islands VP8 

VP5 South Sandivich Islands VP8 
South Shetland Islands VP8 
Southwest Africa ZS3 
Soviet Union: 
European Russian Socialist Fed-

erated Soviet Republic UA1-3-4-6 
Asiatic Russian S.F.S.R.....UA9-0 
Ukraine UB5 
White Russian soviet Socialist 

• Republic UC5 
Azerbaijan UD6 
Georgia UF6 
Armenia UG6 
Turkoman UH8 
Uzbek UI8 
Tadzhik UJ8 
Kazakh UL7 
Kirghiz UM8 
Karelo-Finnish Republic UNI 
Moldavia U05 
Lithuania UP 
Latvia UQ . 
Estonia UR 

ZB1 Spain EA 
Sumatra PK4 
Svalbard (Spitsbergen)  
Swan Island  • KS4 
Swaziland  
Sweden SM 
Switzerland HB 
Syria  (AR) 
Tanganyika Territory VO3 
Tangier Zone Ek 
Tannu Tuya  
Tibet AC4 
Timor, Portuguese CR10 
Togoland, French FD8 
Tokelau (Union) Islands  
Tonga (Friendly) Islands VR5 
Trans-Jordan ZC1 
Trieste  
Trinidad and Tobago VP4 
Tristan da Cunha and Gough IslandZD9 
Tunisia FT4 
Turkey TA 
Turks and Caicos Islands VP5 
Uganda VO5 
Union of South Africa ZS 
United States of America W, K 

CX 
YV 

Virgin Islands KV4 
Wake Island KW6 
Wales GW 

ZC6 Windward Islands VP2 
HP Wrangel Islands  
VK4 Yemen  
ZP Yugoslavia YT-YU 
OA Zanzibar.,  VQI 

Uruguay  
Venezuela  
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INTERNATIONAL AMATEUR PREFIXES 

To make possible identification of calls heard on tiíe air, the international telecommunica-
tions conferences assign to each nation certain alphabetical blocks, from which all classes of 
stations are assigned prefixes. The following prefixes are used by amateurs: 

AC3 Sikkim 
AC4 Tibet 
AR Syria 
C China (unofficial) 
CE Chile 
CM, CO Cuba 
CN Morocco, French 
CP Bolivia 
CR4 Cape Verde Islands 
CR5 Guinea, Portuguese 
CR6 Angola 
CR7 Mozambique 
CR8 Goa (Portuguese India) 
CR9 Macau 
CR10 Timor, Portuguese 
CT! ' Portue 
CT2 Azores Islands 
CT3 Madeira Islands 
CX Uruguay 
D Germany 
EA Spain 
EA6 Balearic Islande 
EA8 • Canary Islands 
EA9 Morocco, Spanish 
El Eire (Irish Free State) 
EX Tangier Zone 
EL Liberia 
EP, EQ Iran (Persia) 
ET Ethiopia 
F France 
FA Algeria 
FB8 Madagascar 
FD8 Togoland, French 
FE8 Cameroons, French 
FF8 French West Africa 
FG8 Guadeloupe 
FIS French Indo-China 
FK8 New Caledonia 
FL8 Somaliland, French 
FMS Martinique 
FN French India 
F08.... French Oceania (e.g., Tahiti) 
FP8....St. Pierre & Miquelon Islands 
FQ8 French E uatorial Africa 
FRS Reunion Island 
FT4 Tunisia 
FUS New Hebrides 
FY8 Guiana, French & Iffini 
G England 
GC Channel Islands 
GD Isle of Man 
GI Ireland, Northern 
GM Scotland 
GW Wales 
HA Hungary 
HB Switzerland 
HC Ecuador 
HE1 Liechtenstein 
HH Haiti 
HI Dominican Republic 
HK Colombia 
HP Panama 
HR Honduras 
HS Siam 
HZ .... Saudi Arabia (Hedjaz & Nejd) 
I Italy 
16 Eritrea 
J Japan 
J9....Ryukyu Islands (e.g., Okinawa) 
K United States of America 
KA Philippine Islands 
KB6. . . Baker, Howland & American 

Phoenix Islands 
KC4 Little America 
KG6 Guam, Saipan, Tinian 
KH6 Hawaiian Islands 
KJ6 Johnston Islands 
KL7 Alaska 
KM6 Midway Islands 
KP4 Puerto Rico 

KP6. . Palmyra Group, Jarvis Island 
KS6 American Samoa 
KS4 Swan Island 
KV4 Virgin Islands 
KW6 Wake Island 
KZ5 Canal Zone 
LA Norway 
LI Libya 
LU Argentina 
LX Luxembourg 
LZ Bulgaria 
MB9 Austria 
MD1 Cyrenaica 
MD2 Tripolitania 
MD3 Eritrea 
MD4 Somalia 
MD5 Suez Canal Zone 
MD6 Iraq 
MX Manchukuo (Manchuria) 
NY4 Guantanamo Bay 
OA Peru 
OE Austria 
OH • Finland 
OK Czechoslovakia 
ON Belgium 8  Belgian Congo 

Greenland 
OY Faeroes, The 
OZ Denmark 
PA Netherlands 
PJ Netherlands West Indies 
PK1, 2, 3 Java 
PK4 Sumat ra 
PK5 Borneo, Netherlands 
PK6 Celebes & Molucca Islands 
PK6 New Guinea, Netherlands 
PX Andorra 
PY Brazil 
P. . Guiana, Netherlands (e.g , Suri-

nam) 
SM Sweden 
SP Poland 
ST Anglo-Egyptian Sudan 
SU Egypt 
SV Greece 
SV Crete 
SV5 Dodecanese (e43., Rhodes) 
TA Turkey 
TF Iceland 
TG Guatemala 
TI Costa Rica 
TI Cocos Island 
UAl, 3, 4, 6. . European Russian So-

cialist Federated Soviet 
Republic 

UA9, 0 •Isiatic Russian S.F.S.R. 
UB5 Ukraine 
UC White Russian Soviet Socialist 

Republic 
UD6 Azerbaijan 
UFO Georgia 
UG6 Armenia 
UH8 Turkoman 
UI8 Uzbek 
UJ8 Tadzhik 
UL7 Kazakh 
UM8 Kirghiz 
UN! Karelo-Finnish Republic 
UO5 Moldavia 
UP Lithuania 
UQ Latvia 
UR Estonia 
VE Canada 

...Australia (Including Tasmania) 
VK4 Papua Territory 
VK9 New Guinea, Territory of 
VO Newfoundland & Labrador 
VP! British Honduras 
VP2. . Leeward & Windward Islands 

VP3 British Guiana 
VP4 Trinidad & Tobago 
VP5 Jamaica & Cayman Islands 
VP5 Turks & Caicos Islands 
VP8 Barbados 
VP7 Bahama Islands 
VP8 Falkland Islands 
VP8 South Georgia 
V P8 South Orkney Islands 
VP8 South Sandwich Islands 
VP8 South Shetland Islands 
VP9 Bermuda Islands 
 Zanzibar 
2 Northern Rhodesia 

V 3 Tanganyika Territory 
VQ4 Kenya 
VQ5 Uganda 
VQ6 Somaliland, British 
VQ8 Mauritius & Chagos Islands 
VQ9 Seychelles 
R ... Gilbert & Ellice Islands & 

Ocean Island 
VR2 Fiji Islands 
VR3 Fanning Island (Christmas Is-

land) 
VR4 Solomon Islands 
VR5 Tonga (Friendly) Islands 
VR6 Pitcairn Island 
VS! Strait Settlements 
VS2 Federated Malay States 
V133.... Non-Federated Malay States 
VS4 Borneo, British North 
Vi35 Sarawak, Brunei 
VSO Hong Kong 
VS7 Ceylon 
VS8 (VU7) Bahrein Islands 
VS9 Maldive Islands 
VU India 
VU4 Laccadive Islands 
VU7 Bahrein Islands 
W United States of America 
XA* 
XE Mexico 
XU China 
XZ Burina 
YA Afghanistan 
YI Iraq 
YN Nicaragua 
YR Roumania 
YS Salvador 
YT, YU Yugoslavia 
YV Venezuela 
ZA Albania 
ZB1 Malta 
ZB2 Gibraltar 
ZCI Trans-Jordan 
ZC2 Cocos Islands 
ZC3 Christmas Island 
ZC4 Cyprus 
ZC6 Palestine 
ZDI Sierra Leone 
ZD2 Nigeria 
ZD3 Gambia 
ZD4 Togoland, Gold Coast 
ZD6 Nyasaland 
ZD7 St. Helena 
ZD8 Ascension Island 
ZD9.... Tristan da Cunha & Gough 

Island 
ZE1 Southern Rhodesia 
ZK1 Cook Islands 
ZIC2 Niue 
ZL New Zealand 
ZM British Samoa 
ZP Paraguay 
ZS1, 2, 4, 5,6...Union of South Africa 
ZS3 Southwest Africa 
ZS4 Basutoland 
ZS6 Bechuanaland 

* In addition to call signs starting with the prefixes listed in this tabulation, four-letter calls beginning with the 
letters XA have been assigned for use in the Mediterranean area by amateurs in the British and American military 
services. 



CHAPTER 25 

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 CCS ( 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 . . . 
II — 6.3-Volt Glass Tubes with Octal Bases 
III — 7-Volt Lock-In Base Tubes  
IV — 6.3-Volt Glass Receiving Tubes .. . 
V — 2.5-Volt Receiving Tubes  
VI — 2.0-Volt Battery Receiving Tubes  
VII — 2.0-Volt Battery Tubes with Octal 

Bases  
VIII — 1.5-Volt Battery Tubes  
IX — High-Voltage Heater Tubes .   

The type of base used on each 
tube listed in the tables is in-
dicated in the base column by 
a letter. 
The meaning of each letter is 

572 
573 
575 
576 
577 
578 

579 
579 
581 

X — Special Receiving Tubes  
XI — Miniature Receiving Tubes  
XII — Control and Regulator Tubes  
XIII -- Cathode-Ray Tubes and Kine-

scopes  
XIV — Rectifiers  
XV — Triode Transmitting Tubes  
XVI — Tetrode and Pentode Transmit-

ting Tubes  

BASE TYPE DESIGNATIONS 

follow: 

A = Acorn 
B = Glass button miniature 
J -= Jumbo 
L = Lock-in 

583 
585 
587 

588 
590 
592 

603 

M = Medium 
N = None or special type 
O = Octal 
S = Small 
W = Wafer 

562 
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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 
tubes may be found in the classified-data section (pages 572-608) and the 
identifying base-diagram number in the base-diagram section (pages 565-571). 

nee Page Base 
l-A  583 4D 
1-A  583 4D 
1.2  587 580 
1.3  587 4AJ 
1.40  587 4V 
112  587 MO 
B3  587 4AJ 
C3  587 4A3 
133  587 4AJ 
Y4  590 4813 
Z4  590 4R 
Z4A  591 4R 
  590 40 
A3  585 4AP 
A4P  578 4M 
A4T.  578 4K 
ASO  579 6X 
A6  578 61. 
A7G  579 7Z 
ABS.  580 5BF 
B3GT  590 3C 
B4P  578 4M 
B5  578 6M 
B70  580 7Z 
B8GT  580 SAW 
B47  587 - 
B48  590 - 
C5G  580 611 
C111  578 61. 
C7G  579 7Z 
C21  587 4V 
D5GP  579 51' 
MGT  579 5R 
070  579 72 
D8GT  580 81.3 
E4G  680 55 
E5GP  579 51( 
E7G  579 fie 
F4  578 5K 
F5G  579 6X 
F6  578 6W 
F7GV  579 7A1) 
G4G  580 55 
G5G  579 611 
060  580 7AB 
114G  579 55 
1150  580 5Z 
116G  579 7AA 
150  579 6X 
.160  579 7AB 
L4  585 6AR 
LA4  588 5AD 
LAS  580 7AK 
LB4  580 5AD 
L136  580 8AX 
LC5  580 7A0 
LC6  580 7AK 
LD5  580 SAX 
LES  580 4AA 
LOS  580 112.42 
LH4  580 SAG 
.LN5  580 TAO 
N5G  580 5Y 
N6G  580 7AM 
PSG  580 51( 
.Q5G  580 8AF 
R4  580 4AH 
R5  585 7AT 
£4  585 7AV 
.115  585 6AU 
13.A.6GT  580 6CA 
113B6GT  580 6AF 
LT4  585 6AR 
1T5GT  580 BOB 
1U4  585 6AR 
185  585 611W 
l-V  590 4G 
122  590 7CB 
1A3  577 413 
:A40  587 58 
!A5  577 611 
:A6  577 6G 
!AT  577 7C 
!API  588 11D 
1134  587 6Q 
!BO  578 7J 
1137  578 70 
11325  590 3T 
?BPI  588 1213 
1C4  587 SAS 
?C21  576 71311 
1C21  592 7BH 
1C22  573 4AM 
3C22  592 4AM 
3C25  592 40 
1C26A  592 4BB 
?C34  592 T-7DC 
?C35  585 Fig. 38 
3C39  599 
1C40  592 F12.19 
1C43  592 F12.19 
1D21  587 7BM 
3E5  578 6R 
1E22  605 53 
1E24  603 7CL 
1E25  604 513.1 

Type Page Base 
2E28  603 7CK 
2E30  585 7CQ 
2E30  603 7CQ 
2E32  583 - 
2E36  583 - 
2E42  583 
205  578 SR 
2022  583 - 
2K25  608 F12. 60 
2K28  608 Flg. 61 
21133  608 Flg. 62 
21134  608 F12.58 
2K35  608 F12. 58 
21139  608 112. 59 
21141  608 F1159 
2K42  608 Fig. 59 
21143  608 F12. 59 
2K44  608 Flg. 59 
21146  608 F12.58 
21147  608 F12. 58 
211/413  577 5D 
2V30  590 T-4BC 
2W3  590 4X 
2X2  590 4A13 
2X2-A  590 4AB 
2Y2  590 4AB 
2Z2  590 4B 
3A4  585 7BB 
3A4  603 7BB 
3A5  585 7BC 
3A5  592 7BC 
3A8GT  583 SAS 
3AP1   588 7AN 
3B5GT  583 7AP 
3B7  580 713E 
3B24  590 T-4A 
3825  590 4P 
3826 990 F12.31 
3BP1  588 14A 
3C5GT  583 7AQ 
3C6  583 7BW 
31322  599 F12.30 
3C23  587 3G 
3C24  593 213 
3C28  593 Flg. 56 
3C34  593 3G 
3C37  600 
306  580 61313 
3023  605 Flg. 54 
3024  605 T-9 
3DPI  588 F12.49 
3DX3  605 F12.40 
3E22  605 8BY 
3E29  605 7BP 
3EP1  588 11A 
3GP1  588 11A 
3JP1  588 14B 
3K2I  608 F12.58 
31(22  608 F12.58 
3K23  608 F12. 59 
3K27  608 F12.59 
3K30  608 Fig. 58 
3KP1  588 11M 
3LE4  584 813A 
3LF4  584 6118 
3Q4  585 7BA 
3Q5GT  584 TAP 
354  585 7 BA 
3V4  585 6BX 
3-25A3  593 30 
3-2503  593 213 
3-50A4  595 30 
3-5004  595 20 
3-5002  595 213 
3-75A2  597 213 
3-75A3  597 20 
3-100A2 . . 598 213 
3-100A4  598 213 
3X-I00A11  599 
3-150M  600 4BC 
3-150A3  600 4BC 
3X-I50A3  600 
3-250A2. 601 211 
3-250A4. . 601 211 _ 
3-300A2  602 4150 
3-300A3  602 4BC 
4A6G  579 AL 
41332  601 211 
4(.134  601 2M 
4C36  599 F12.56 
4022  606 Flg. 50 
4D23  607 F12. 27 
4032  606 F12.51 
4E27  606 7I3M 
4X150A  607 T-9J 
4-SSA  606 Fig. 55 
4-125A  607 Flg. 27 
4-250A  607 Flg. 27 
5AP1  588 11A 
5BP1  588 11A 
5CPI  588 14B 
5FP1  588 5AN 
511P1  588 11A 
5.1P1  588 I 1 E 
5LP1  588 11F 
5MP1  588 7/.11 

Tye Page Base Type Page Baie Type Page Base 
5R4GY  590 5T 6K5CIT  574 5U 7K7  576 8BF 
5RP1  588 14F 61160  574 79 7L7  
5T4  590 5T 6K7  572 7R 7N7  576 8V 576 SAC 

588 F12.46 6K8  7Q7  557742 694 576 8AL 
5TP4  

590 5T 7R7  
557766 8513A LE 

5U4(1  
51711: I  5V40  6L5G  589 12E 6L5  572 7AC 757  

590 5L 8L6  604 7A(1 7T7  576 8V 
5W4  590 5T 604 TAC 7V7  576 8V 
5X3  559020 45QC 6L6GX  6L7  7W7  5X4G  572 7T 576 8RJ 

7X7  
5Y30  590 5T 6M8(1  574 7$ 7Y4  
5Y4G  590 5t2 6M7G  574 7R °MGT . 574 8A U 7Z4  559076 55ABZ13 590 5A11 
523  590 413 6114  586 WA 9AP4   589 SAL 
524  590 5L 6N4  592 7CA 9CP4  589 4AF 
6A3  576 41) 6N5  576 6R 

574 71.13 910"   584 413i   589 8BR 6A4  576 511 6N60  
6A5G  573 8T 6117  (61IGT  572 8B 10BP4  589 F12.48 6A6  576 713 10Y  
6A7  576 713 6P70  5117  57942 513 11/12  592 4D 584 4F 
6A8  572 8A 574 m 121.5  581 7F 
6AB5  I2A6  6A13130  576 8R 6 P8G  574 8K 581 7AC 
6AB7  573 7AU 64.250  587 5A 1122AA77  590 7K 581 7E 

572 811 6i/6G  574 6Y 
573 6Q 6(27  72 7V 12A8(1 6A(1'5G    581 8A 

6AC6G  573 7AII 611.60  5574  SAW I2AH7GT ... 581 8BE 
6A(37  572 811 6Q 68   5 7 I2A L5  58 BT 

6S6GT 6AD5G    57742 V 57AK 12AP4  5526 5736SAL 
6A1360  573 7A11 687  12AT6 . . . . . 586 7BT 
6AD7G  573 SAY 6S8GT  572 7R 574 8CB 12AU6  586 7CC 
6AE5G  68A7  572 8R I2AU7 .. . . . 586 9A 
6AE6G  573 7A11 85137Y  577 ge I2AU7  592 91. 
6AE7GT 5774 Q 4 67A X 65C7  12AW7  
6AF   5 8111370T. 12136M  581 6Y 574 8M 586 7CM 

6AF60  576 7A(1 69E7GT 574 811  8   
6AF7G  572 6AB 11221377 552 V ML.... 581 98V SAGS  574 SAG 6915  585 7131) 6F57  572 7/12 12B8GT .... 581 8T 
6AG130  574 75 6507  572 8BK I2BA6  586 7CC 
6AG7  572 8Y 69117  573 8BK 12806   586 7CC 
6A(17  603 8Y 6SH7L  574 Fig 44 128E6   

1213F6 BA FUG  573 8M 574 6AP 65.17  536586 F17(1111. 37 
6A H7GT . 574 811E 65.171(  573 811 I2C8  581 8E 
6AJ5  585 7PM 6SK7  573 811 I2CP4  589 4AF 
6A37  572 8M 6SL7GT 574 8131) I2DP4  589 SAN 
OAKS  585 7BD 65/170T .... 57734 88411) 12 E5GT . ... 581 6Q 
OAK13  586 7B K 68Q7  5 12F5GT.... 581 5M 
6A1(6  603 7BK 6SR7  573 6887  15 12070  581 7V 
6A K7  572 81/ 573 12118  
GALS  586 613T 6817  573 8 12360T ... . 559811 872 
6AL6G  574 6AM 65U7GTY 574 8UD 12.17GT  581 7R 
6AL7GT. 574 8CH 68V7  5773 Q 3 57AL I2K7GT.... 581 7R 
SANS  586 7BJ 6827  5  577 SR 121(8  581 8K 

12L8GT.. .   581 81311 13AQ5  586 7BZ 6T5  
6AQ5  603 782 6T6GM . . . . 575 6Z 12Q7GT .... 581 7V 
6AQ6  586 7BT 6T7  573 7V 12131A8GT ... 581 F12.34 
6AQ7GT. 574 8CK 605  577 6R 1281.7  

575 7AC 1213C7  1 8R CARS  586 6CC 6U6GT  125F5  581 88 6AR6  574 6BQ 13U70  575 7R 
573 7AC 1211F7  6AR7GT 574 8C() 6 V6  581 6AB 581 7AZ 

13A58  586 7CN 6V6GT  603 71.13 12E307   581 8BK 
6AS7GT . 574 8B0 6V7G  575 7V 1122631177  

6  586 6AU6  7BT 6W5G  590 65 582 8BK 
7BK 6W6GT. 1( 575 7AC 1257  582 8M 586  582 8M 

6B4G  574 58 6W7G  575 711. 1281,7GT.. 582 8BD 
590 7CF 125N7GT.. 558822 85Q 

6B7  1313 6135  576 SAS 6 X4  12SQ7  
582 8Q 

6X5  590 69 61360  574 7V 
576 713 6 X60  575 7AL ' 125R7  

6138  572 8E 6Y5  590 63 l28W7  
575 7AC 1213X7 SISAS  586 7CC 6Y60  582 8Q   582 8BD 

131306  68E6  586 7CC 6Y70  575 8B 
61306  586 7CH 623  590 40 125Y7  582 SR 
6BF6  588 7BT 6114  591 513 1223  1225  590 40 574 5BT 625  590 6K 1 4A4  590 7 L 61336  586 7CM 6270  575 813 582 SAC 
6C4  586 8BG 6ZY5G  597 AC 95 659 I4A5  582 6AA 

t 4A7  582 8V 6134  592 613G 7A4  5  
6136  572 6Q 7A5  575 6AA 14AF7  582 7AC 

575 7M 14136  
14138  

6C8  576 6F 7A6  

I4C5  
6C7  576 70 71.7  582 8W 

574 8G 71.8  575 8V 558822 68AAX 
575 8U 
584 F12. 5 14C7  

6C80  
6134  582 8V 606  587 SAY 7AB7  

576 6F 576 7H 575 F1245 14E7 575 8AC 14E6  582 8W 6D7  7AF7  7A07  
6080  574 8A 7AP4  589 5AJ I4F7  582 8AE 582 SAC 
6E5  576 6R 7B4  575 SAC 14117  582 8V 
6E6  576 78 7B5  575 6AF: 1437  I4N7  582 8AR 
6E7  576 7H 7E16  14Q7  582 SAC 

574 80 575 8V 6E8G  7B7  575 8W 582 8AL 
61'4  584 7BR 788  575 811 14R7  582 SAE 
6F4  592 7BR 7BP1  589 SAN 1457  582 8BL 

584 4A11 14V7  6F5  572 5M 7C4  582 8V 
6F6  572 75 7C5  575 6AA 14W7  582 883 
6F6  603 75 7C6 575 8W I4Y4 90 5AB 
6F7  577 7E 7137  575 8V 1. 589 SAZ 14Z3  590 4G 
6F80  574 SG 7CP1  5 575 8AR 15E  579 5F 
605  577 OR 707  593 T-4AF 
60600  574 75 7DP4  589 Fla.46 17  587 30 

61140T  574 5AF 7E5  584 8BM 18  582 6B 575 8W 6115  577 SR 7E6  19  579 SC 

6116  572 7Q 7E7   575 SAE 20  584 413 
6I18G  574 8E 7117  575 8AC 20.180M ... 582 8E1 
6.14  5586 6713Q 7F8  575 8BW 2IA7  582 8AR 
6.15  72 Q 707  575 8V 22  584 4K 
6.16  586 78F 708  576 8BV 24-A  578 5E 
536  592 78F 70P4  589 F12.47 24-0  593 2D 
637  572 7R 7H7  576 8V 25A6  
6380  574 8H 737  576 8AR 251.70  582 78 582 8F 
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25A7G  590 8F 
25AC50 .   582 6Q 
2585  582 613 
25B6G  582 78 
25B8GT..   582 ST 
25C60  582 7AC 
25B8GT  582 8AF 
25L6  582 7AC 
25N6G  582 7W 
258  578 6M 
25T  593 3G 
25X6GT  590 7Q 
25Y4GT  590 5AA 
25Y5  590 6E 
2523  590 4G 
25Z4  590 5AA 
2525  590 6E 
2526  590 7Q 
26  584 413 
26A6  586 7BK 
26A7GT .   583 8BU 
26C6  586 7BT 
26136  588 7CH 
27  578 5A 
2807  583 8133 
2825  590 5AB 
30  579 4E 
31  579 40 
32  579 4K 
32L7GT ..   583 8Z 
32L7GT . .   590 82 
33  579 5K 
34  579 4M 
35/51  578 5E 
35A5  583 6AA 
35135  586 7BZ 
35L6G  583 7AC 
35T  595 3G 
35TG  595 20 
35W4  590 513Q 
35Y4  590 5A1. 
3523  590 4Z 
3524GT  590 5AA 
35250  590 BAD 
35Z6G  590 7Q 
36  577 5E 
37  577 5A 
38  577 5F 
39/44  577 5F 
40  584 40 
4025GT . .   591 8AD 
41  577 6B 
42  577 6B 
43  583 6B 
45   578 40 
4523  591 5AM 
45250T. .   591 6AD 
48  578 5C 
47  578 5B 
48  583 6A 
49  579 5C 
50  584 413 
50A5  583 6AA 
50135  586 7BZ 
50C6GT  583 7AC 
50L6GT . .   583 7AC 
50T  597 2D 
50X6  591 7AJ 
50Y6GT .   591 7Q 
50260  591 7Q 
5027G  591 SAN 
51  578 5E 
.52  577 Fig. 33 
53  578 7B 
53A  584 T-4B 
55  578 6G 
56  578 5A 
56A8  577 5A 
57  578 6F 
57A8  577 6F 
58  578 6F 
58A8  577 6F 
59  378 7A 
70A7GT .   583 8AB 
70A7GT..   591 SAB 
70L7GT  583 SAA 
70L7GT .. . 591 SAA 
71-A  584 40 
72  591 4P 
73  591 4Y 
75  577 6G 
75TH  597 2D 
75TL   597 20 
76  577 5A. 
77  577 6F 
78  577 6F 
79  577 611 
80  591 4C 
81  591 4B 
82  591 4C 
83  591 4C 
83-V  591 4AD 
84/624  591 50 
85  577 60 
85A8  -  577 6G 
89  577 40 
99  584 411 
100TH  598 2D 
100T L  598 20 
11111  597 2D 
I12-A  584 4D 
117L7GT. .   583 SAO 
1I7L7GT . .   591 SAO 
117M7GT  583 8A0 
117M7GT  591 SAO 
117N7GT  583 8AV 
117N7GT  591 SAV 

1 I7P7GT . . 583 8AV 
117P7GT . .   591 8AV 
11723  591 4BR 
11724  591 5AA 
117Z6GT . .   591 7Q 
150T  600 2N 
152TH  600 4BC 
152TL  600 413C 
182-B  584 40 
183  524 40 
203-A  598 4E 
203-H  598 T-3A8 
204-A  602 T-1A 
2050  592 40 
211  598 4E 
2I2-E  602 T-2A 
217A  591 T-3A 
217C  591 T-3A 
227A  598 T-4B 
241B  602 T-2A 
242A  597 4E 
242B  598 4E 
242C  598 4E 
2498  591 Fig. 53 
250TH  601 2N 
250T L  601 2N 
254A  604 T-4C 
254B  605 T-4C 
261A  598 4E 
270A  602 T-1A 
278A  598 4E 
282A  606 T-4C 
284B  599 T-3AB 
2840  597 4E 
295A  599 4E 
300T  602 2N 
303A  598 4E 
304A  602 T-IA 
3048  595 T-1A 
304TH  602 4BC 
304TL  802 413C 
305A  606 T-4CE 
306A  604 T-5CB 
307A  604 53 
308B  602 T-2A 
310  593 4D 
311  598 4E 
311CH  599 Fig. 57 
312A  606 T-OC 
312E  602 T-2AA 
316A  594 — 
327A  598 T-4AD 
327B  .597 T-4AB 
3420  598 4E 
356A  596 T-4BD 
361A 595 4E 
376A  598 4E 
41OR  608 Fig. 58 
4828  684 40 
483  584 40 
485  584 5A 
527  602 T-4B 
559  584 Fig. 18 
705A  591 T-3AA 
70713  608 Flg. 61 
7I5B  605 — 
717A  575 811K 
723AB  608 Fig. 60 
756  595 4D 
800  594 210 
801  593 411 
801A  593 41) 
802  603 T-7C 
803  607 5.1 
804  606 53 
805    599 T-3AB 
808  601 2N 
807  604 T-5BB 
808  596 20 
809  594 3G 
810  600 2N 
811  596 3(3 
812  596 30 
81211  597 30 
813  607 Flg. 28 
814  606 T-5D 
815  604 T-8 FA 
816  591 4P 
822  601 T-3AB 
8228  601 2N 
826  596 T-9A 
828  606 53 
829  605 7BP 
829A  605 7I3P 
829B  605 713P 
830  595 40 
83013  596 3G 
831  602 T-1 A A 
832  604 7BP 
832A  604 7BP 
833A  602 7AB 
834  596 21) 
835  598 4E 
836  591 4P 
837  603 T-7C 
838  599 4E 
840  579 51 
841  593 413 
841A  596 3(1 
8418W  596 3G 
843  593 .5A 
844  604 T-5BB 
849  602 T-1A 
850  607 T-3B 
852  599 20 
860  607 T-4CB 
861  607 T-1. 

Type Page Bate 
864  584 40 
865  804 T-4C 
866  591 4P 
866A  591 4P 
866B  591 4P 
866Ir  591 4B 
871  591 4P 
872  591 T-3A 
872A  591 T-3A 
874  587 48 
876  587 — 
878  591 4P 
879  591 4P 
884  587 6Q 
885  587 5A 
886  587 — 
902  589 Flg. I 
903  589 6AL 
904  589 Fig. 3 
905  589 Fig. 6 
906P1  588 7A N 
907  589 FIg.13 
908  589 7A N 
908A  589 7CE 
909  589 Fig. 6 
910  589 7AN 
911  589 7AN 
912  589 Fig. 8 
913  589 Fig. I 
914  589 Fig. 12 
93013  596 3G 
938  599 4E 
950  579 5R 
951  578 4M 
954   584 5BB 
955  584 5BC 
955  591 5BC 
956  584 5BB 
957  584 5BD 
958  584 5BD 
958A  584 5BD 
958A  592 5BD 
959  584 5BE 
967  587 3G 
975A  587 T-3A 
991  587 — 
1003  591 4R 
1005  591 T-9F 
1006  591 4C 
1201  584 8BM 
1203  584 4AH 
1204  584 Fig. 5 
1206  576 8BV 
1221  577 6F 
1223  575 7R 
1229  579 4E 
1231  576 8V 
1232  575 8V 
1265  587 — 
1266  587 4A.1 
1273  576 8V 
1275  591 4C 
1276  584 40 
1284  583 Fig. 4 
1291  580 7BE 
1293  580 Flg. 2 
1294  580 4AH 
1299  580 6813 
1602  593 40 
1603   577 6F 
1608  593 41) 
1609  584 513 
1610  603 T-5CA 
1611  573 78 
1612  573 7T 
1613    603 78 
1614  604 7AC 
1616  591 4P 
1619  604 7AC 
1620  573 7R 
1621  573 78 
1622  573 7AC 
1623  594 3G 
1624  605 T-5DC 
1625  605 5AZ 
1626  592 6Q 
1627  800 2N 
1628  594 T-4BB 
1629  583 8RA 
1631  583 7AC 
1632  583 7AC 
1633  583 8BD 
1634  583 88 
1635  575 813 
1641  591 T-4AG 
1642  876 7BH 
1644  583 81311 
1654  591 Flg. 41 
1800  589 6AL 
1801  589 Fig. 13 
1803P4  589 6AL 
1804P4  589 6AL 
1805P1  588 11A 
1806P1  588 11A 
1809PI  589 8BR 
1851  573 7R 
1852  572 8N 
1853  572 81sI 
2001  589 Fig. 2 
2002  589 Fig. I 
2005  589 Fig. 1 
2050  587 813A 
2051  587 8BA 
24XH . 589 Fig. 1 
2523N/128A8 587 5,1 
5514  596 4B0 
5516  604 701, 

Type Page Base Type Page Sage 
5556  592 40 HYII4B.... 592 2T 
5562  606 F11.45 11Y115  581 5K 
7000  575 7R HY123  581 5K 
7193  592 4AM FIY125  581 5K 
7700  577 6F HYI45  581 5K 
8000  600 2N FIY155  581 5K 
8001  606 7BM F1Y615  592 T-8AC 
8003  599 T-3AB HYSOIA .... 593 4P 
8005  597 3G HY8661r... • 331 SP 
8008  591 Fig. II HYI231Z... 594 T-4 
8010-R  595 — 11Y1269.... 605 T-5131 
8012  594 T-4BB HYE1148... 592 T-841( 
8013-A  591 4P KY2I  587 — 
8016  591 4AC KY866  587 Flg. 8 
8020  591 4P M54  585 — 
8025  594 4AQ M64  585 — 
9001  586 7PM M74  585 — 
9002  586 7TM NU-2C35... 585 Fig. 39 
9002  592 7TM PE340  607 Flg. 27 
9003  586 7PM QK159  608 Fig. 63 
9004  584 4BJ R 10  593 413 
9005  584 Fig. 16 RKI1  594 3G 
9006  586 6BH RK12  594 3G 
AT-340  607 Fig. 27 RKI5  578 40 
BA  590 43 RK16  578 5A 
BR  590 43 RK17  578 5F 
BR  590 4H RKI8  594 3G 
CE220  590 4P RKI9  591 T-3A 
CK501  580 — RK20  605 53 
CK502  580 — RK20A  605 53 
CK503  580 — RK2I  591 4P 
CK504  580 — RK22  591 T-4AC 
CKSOS  580 — RK23  606 T-7C 
CK506  580 — RK24  579 40 
CK507  580 — RK24  592 40 
CK509  581 — RK25  603 T-7C 
CK5I0  581 — RK25B  603 T-7C 
CK515BX. 581 — RK28  607 53 
CKI005 . 591 T-9F RK28A  607 53 
CKI006 . 591 4C RK30  594 20 
CK1007. 591 T-9G RK31  594 3G 
CK1009 . 501 — RK32  595 20 
DR-3B27. 590 4B RK33  592 T-7DA 
DR123C 599 Flg. 28 RK34  592 T-7DC 
EF50  584 Fig. 14 RK35  595 20 
F123A  599 Fig. 26 RK36  597 20 
FI27A  601 Fig. 26 RK37  595 20 
G84  590 213 RK38  598 213 
GL2C44.. 584 Mg. 17 RK39  804 T-5813 
GL2C44.. 592 Mg. 17 RK4I  604 T-5BB 
01.5C24. 600 Fig. 26 RK42  581 40 
01,146  599 T-4(3 RK43  581 6e 
01,152  599 T-4BG RK44  603 T-7C 
GI,159  601 T-4BG RK46  605 53 
GL169  601 T-4BG RK47  606 T-5D 
01,446A. 584 Flg. 19 RK48  607 T-5D 
GL446B . 584 Fig. 19 RK48A  607 T-5D 
GL446A . 584 Fig. 17 RK49  604 T-6B 
GL559  584 Fig. 18 8.1(51  596 T-30 
G L592  601 Fig. 52 RK52  596 3G 
(31,8012A. 594 T-4BB RK66  603 T-5811 
FID203A 600 T-3AB RK57  599 T-3AB 
HF6O  596 20 RK58  598 T-3AB 
HF75  597 20 RK59  593 T-4D 
HFI00  597 2D R1(60  591 T-4AG 
119120  598 — REV 587 — 
HF125  598 — RK62  587 40 
119'130  599 — RK63  600 2N 
11F140  598 — RK63A  600 2N 
HFI 50  599 — RK64  603 T-51313 
HF175  599 — RIC135  607 T-3BC 
FIF200  600 2N RIC66  605 53 
FIF250  600 2N 81(75  604 5.1 
}moo  601 2N RK100  593 T-1311 
FIK24  594 3G RK705A... 591 T-3AA 
HK54  594 20 RK866  591 — 

HK154  594 20 RM208  587 —11K158  594 20 RM209  587 — 

HK252L.. 600 T-4BF T20  593 30 
FIK253  591 T-3A T21  604 T-613 
HK254  598 2N T40  595 3G 
HK257  606 7BM T55  596 30 
HK257B 606 7BM T60  596 21) 
HK304L 602 48C T100  597 20 
111(354  600 2N T125  599 2N 
HK354C 600 2N T200  601 2N 
11K35411. 600 2N T300  601 — 
HK354E. 600 2N T814  801 T-3AB 
HK354F. . 600 2N T822  601 T-3AB 
HK454H. 602 2N TB35  605 Fig. 54 
HK454L.. 602 2N TUF20  593 2T 
111(654  602 2N TW75  597 21) 
HVIO  600 2N TWI50  600 2N 
HVI2  601 T-3AB TZ20  593 3G 
11V27. . 601 T-3AB TZ40  595 30 
HY6J5GT X 592 6C2 UE100  597 20 
HY6L6GT X 604 7AC UE468  800 Fig. 57 
HY6V6GTX 603 7AC 111135  596 3G 
HY24  592 4A 1.11150  595 20 
HY25  594 30 UH51  595 21) 
HY302  594 4130 V70  596 T-3AB 
HY312  594 T-4D V70A  597 T-3AB 
11Y40  • 594 3G V7013  596 3G 
HY402  595 3G V700  597 30 
HY5I A  596 30 V7OD  597 30 
HY5113  596 3G VR75  587 4AJ 
HY512  596 4130 VR90  587 4AJ 
HY57  595 3G VR105  587 4AJ 
HY60  603 T-5BB VRI50  587 4AJ 
HYBL  604 T85BB VTI27A... 598 T-4I3 
HY63  603 T-8DB WE304A.... 595 20 
HY65  603 T-8DB XXB.  585 Fig. 9 
13Y67  606 T-5DB XXD  583 SAC 
FIY69  605 T-5D XXL  576 SAC 
HY75  593 2T XXFM  585 91g. 10 
HY75A  593 2T Z225  591 4P 
HYI13  581 5K Z668  608 — 



VACUUM-TUBE DATA 565 
VACUUM-TUBE BASE DIAGRAMS 

The diagrams on the following pages show standard socket connections corresponding 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 F = Filament IS = Internal Shield 
B = Beam G = Grid K = Cathode 
BP = Bayonet Pin II = Ileater NC = No Connection 
BS = Base sleeve IC = Internal Con. P = Plate (Anode) 
I) = Deflecting Plate nection Pi = Starter-Anode 

Alphabetical subscripts D, P, T and IIX indicate, respectively, diode unit, pentode unit, triode unit or hesode 
unit in multi unit tvpes. 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. 

PBF -= Beam-Form- repeller 
ing Plates S = Shell 

RC = Hay-Control TA = Target 
Electrode • = Gas-Type Tube 

Ref = Reflector or U = Unit 

NC 
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11.M.A. TUBE BASE DIAGRAMS 

Bottom views are shown. Terminal designations on sockets are shown above. 
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IS 

55E 

et. 

2 

R.M.A. TUBE BASE DIAGRAMS 

Bottont views are shown. Terminal designations on sockets are given on page 565. 
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VACUUM-TUBE DATA 

6CA 6C8 

o, 

60 6 R 

6x 

7AC 

7AL 

7AX 

567 
IIE BASE DIAGRAMS 

Bottom views are shown. Terminal designations on sockets are given on page 565. 
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CHAPTER 25 
R.M.A. TUBE BASE DIAGRAMS 

Bottom views are shown. Terminal designations on sockets are given on page 565. 
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Bottom views are shown. Terminal designations on sockets are given on page 567'. 
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SUPPLEMENTARY BASE DIAGRAMS 

Bottom views are shown. Terminal designations on sockets are given on page 5()S• 
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VACUUM-TUBE DATA 
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SUPPLEMENTARY "T"-GROUP BASE DIAGRAMS 
Bottom views are shown. Terminal designations on sockets are given on page 365. 
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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 Tables II, VII, VIII and IX. 

Type Name 
Socket 

Connec- 
tiens 

Fit' or Heater Capacitance ppfd. 
Use 

Plate 
Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

Am 
. si:* 
" c r 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 

Volts Amp. In Out 
Nate- 
Grid 

6A8 Pentruirld Converter 8A 6.3 0.3 -• - - Osc.-Mixer 230 - 3.0 100 3.2 3.3 Anode-grid (No.2)250 v Ifs max. thru 20,000 ohms 6A8 

6AB7 
1853 

Television Amp. Pentode 8N 6.3 0.45 8 5 0.015 Class-A Amp; 300 - 3.0 200 3.2 12.5 700000 5000 3500 -••••• - 
6A117 
1853 

6AC7 
1852 

Television Amp. Pentode 8N 6.3 0.45 11 5 0.013 Class-A Amp. 300 - 2.0 150 2.5 10 750000 9000 6750 --- - 
6AC7 
1852 

6AG7 Video Beam Power Amp. 8Y 6.3 0.65 13 7.5 0.06 Class-A1 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. BY 6.3 0.65 13 7.5 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 - •-- 668 

6C5 Triode Detector, Amplifier 60 6.3 0.3 3 11 2 
Class.A Amp. 250 - 8.0 •-- - 8.0 10000 2000 20 - ,--

6C5 
Bias Detector 250 -17.0 .- - Plate current adiusted to 0.2 ma. with no signal 

6F5 High-µ Triode SM 6.3 0.3 5.5 4 2.3 Class-A Amp. 250 - 1.3 - --, 0.2 66000 1500 100 - - 6F5 

Class-Ai Pent., 
250 
315 

-16.5 
-22.0 

250 
315 

6.5 
8.0 

36 7 
42 

80000 
75000 

2500 
2650 

200 
200 

7000 
7000 

3.2 
5.0 

6F6 Pentode Power Amplifier 75 6.3 0.7 6.5 13 0.2 Triode Amp., 250 -20.0 --- - 34 7 2600 2600 6.8 4000 0.85 6F6 

Class-AB2 Amp., 
Class-Aliz Amp.' 

375 
350 

340* 
-38.0 

250 
-- 

18 ' 

- 
77 7 
22.5 

Power output for 2 tubes at 
stated load, plate-to-plate 

10000 8 
6000 8 

19.0 
18.0 

6H6 Twin Diode 70 6.3 0.3 - .-- -- Rectifier Max. a.c. voltage per plate = 100 r.m.s. Max. output current 4.0 ma. d.c. 6H6 

6J5 Delector-Amplifler Triode 60 6.3 0.3 3.4 3.6 3.4 Class-A Amp. 250 - 8.0 - - 9 7700 2600 20 --- ••-- 6J5 

6J7 Triple-Grid Detector, Amp. 7R 6.3 0.3 7 12 0.005 
R.F. Amp. 250 - 3.0 100 0.5 2.0 1.5 meg. 1225 1500 - - 6J7 
Bias Detector 250 - 4.3 100 Cathode current 0.43 ma. - - 0.5 meg. 

6K7 Triple-Grid Variable.m Amp. 7R 6.3 0.3 7 12 0.005 
R.F. Amp. 250 - 3.0 125 2.6 10.5 600000 1650 990 - - 6K7 
Mixer 250 -10.0 100 - - - Oscillator peak volts = 7.0 

6K8 Triode-Hexode Converter 8K 6.3 0.3 -- - - Converter 250 - 3.0 100 6 2.5 Triode Plate (No. 2) 100 volts, 3.8 ma. 6K8 

6L6 Beam Power Amplifier 7AC 6.3 0.9 10 12 0'4 

Single Tube 
Class Al 

250 
300 

170• 
220• 

250 
200 

5.4/7.2 
3.0/4.6 

75/78 
51/54.5 

- • 
-- 

-- 
- 

-- 
- 

2500 
4500 

6.5 
6.5 

6L6 

Single Tube 
Class Ai 

250 
350 

-14.0 
-18.0 

250 
250 

5.0/7.3 
2.5/7.0 

72/79 
54/66 

22500 
33000 

6000 
5200 

- 
- 

2500 
4200 

6.5 
10.8 

P.P. Class Ai 4 270 125. 270 11/17 134/145 - .-- .--- 5000 8 18.5 

P.P. Class Al 8 
250 
270 

-16.0 
-17.5 

250 
270 

10/16 
11/17 

120/140 
134/155 

24500 
23500 

5500 
5700 

- 
- 

5000 8 
5000 8 

14.5 
17.5 

Pe. Class AB, t 360 250. 270 5/17 88/100 
POW« output for 2 tubes. 

Load plate-to-plate 

9000 8 24.5 

P.P. Class AB, 8 360 -22.5 270 5/15 88/132 6600 8 26.5 

P.P. Class AB,' 
360 
360 

-18.0 
-22.5 

225 
270 

3.5/11 
5/16 

78/142 
88/205 

6000 ° 
3800 8 

31.0 
47.0 

6L7 Pentagrid Mixer Amplifier 71 6.3 0.3 -- 
R.F. Amp. 250 - 3.0 100 5.5 5.3 800000 1100 - - --

6L7 
Mixer 250 - 6.0 150 8.3 3.3 Over 1 meg. Oscillator-grid (No 3)volfage = - 15 

6N7 Twin Triode 811 6.3 0.8 •-• - - Class-B Amp. 300 0 - - 35-70 ---. -• --.- 8000 10.0 6147 

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 8500 1900 16 10000 0.28 6R7 

657 Triple-Grid Variable-µ 7R 6.3 0.15 6.5 10.5 0.005 Class-A Amp. 250 - 3.0 100 2.0 8.5 1000000 1750 1750 - -- 657 

65A7 Pentagrid Converter 81t8 6.3 0.3 - - - Converter 250 08 100 8.0 3.4 800000 Grid No. 1 resistor 20000 ohms 65A7 

6SC7 Twin-Triod• Amplifier 85 6.3 0.3 --.- -- - Class-A Amp. 250 - 2.0 - - 2.0 53000 1325 70 --- - 6SC7 

65F5 High-et Triode 6A6 6.3 0.3 4 3.6 2.4 Class-A Amp. 250 - 2.0 -- - 0.9 66000 1500 100 --- -- 65F5 

6SF7 Diode Variable-u Pentode 7AZ 6.3 0.3 5.5 6 0.004 Class-A Amp. 250 - 1.0 100 3.3 12.4 700000 2050 - -- - 6SF7 

6SG7 Triole.Grid Semiveriable-u 11111( 6.3 0.3 8.5 7 0.003 H.F. Amp. 250 - 2.5 150 3.4 9.2 Over 1 meg. 4000 -- - -.-- 6507 
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YYPe Name 
Socket 

Conn«. 
Hens 

PH' or Heater Capacitance µdd. 

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 

6SH7 Triple-Grid Amplifier 8BK 6.3 0.3 8.5 7 0.003 H.F. Amp. 250 - 1.0 150 4.1 10.8 900000 4900 ------ -  -i--. 65H7 

65J7 , Triple-Grid Amplifier 8N 6.3 0.3 6 7 0.005 Class-A Amp. 250 - 3.0 100 0.8 3 1500000 1650 2500 - -.- 6SJ7 

65K7 Triple-Grid Variable-µ 8N 6.3 0.3 6 7 0.003 Class-A Amp. 250 - 3.0 100 2.4 9.2 800000 2000 1600 -- -.- 65K7 
. 

6507 Duplex-Diode Triode 80 6.3 0.3 3.6 3.2 1.80 Class-A Amp. 250 - 2.0 --- -..- 0.8 91000 1100 100 -- .-. 6507 

651t7 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 Triple-Grid Variable-p 8N 6.3 0.15 5.5 7.0 0.004 Class-A Amp. 250 - 3.0 100 2.0 9.0 1000000 I 850 -- - 6557 

65T7 Duplex-Diode Triode 80 6.3 0.15 2.8 3 1.50 Class-A Amp. 250 - 9.0 -, - 9.5 8500 1900 16 - - 6517 

65V7 Diode R.F. Pentode 7AZ 6.3 0.3 6.5 6 0.004 Class-A Amp. 250 - 1 150 2.8 7.5 800000 3400 -. - 65V7 

65Z7 Duplex-Diode Triode 80 6.3 0.15 2.6 2.8 1.10 Class-A Amp. 250 - 3 - - 1.0 58000 1200 70 --. - 6SZ7 

617 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 -- ---- 617 

6V6 Beam Power Amplifier 7AC 6.3 0.45 2.0 7.5 0.7 

Class-Ai Amp., 250 -12.5 250 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 -19.0 285 4/13.5 70/92 65000 3600 -- 8000 , 14.0 

1611 Pentode Power Amplifier 75 6.3 0.7 - - - Audio Amp. Characteristics same os 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 - --- 1612 

1620 Triple-Grid Det.-Amp. 7E 6.3 0.3 - - - Class-A Amp. Characteristics same as 6J7 1620 

1621 Power Amplifier Pentode 75 6.3 0.7 --- 
Class-AB2 Amp., 300 -30.0 300 6.5/13 38/69 - --- -- 4000 5 5.0 

1621 
Class-Ai Amp., I 330 500• -- - 55/59 -- -- -- 5000 , 2.0 

1622 Beam Power Amplifier 7AC 6.3 0.9 - -- Class-Al Amp. 300 -20.0 250 4/10.5 86/125 - -- -- 4000 10.0 1622 

1851 Television Amp. Pentode 7E 6.3 0.45 11.5 5.2 0.02 Class-A Amp. 300 - 2.0 150 2.5 10 750000 9000 6750 - -- 1851 

*Cathode resistor-ohms. I Screen tied to plate. 5 Grid bias-2 volts if separate oscillator ex italien is used. ' Values are for single tube. 
For 6SA7GT use base diagram 8A0. Also Type "6517Y." 

7 Max.-signal value. 
Values are for two tubes in push-pull. , Plate-to-plate value. 

TABLE II - 6.3 -VOLT GLASS TUBES WITH OCTAL BASES 

(For "G" and "OT" -Type Tubes Not Listed Here, See Equivalent Type in Table I; Characteristics and Connections Will Be Identical) 

TSP.) Name 
Socket 
Cannes- 
tions 

Fit. or Heater Capacitance pp fd. 

Use 
Plate 
Supply 
Volts 

Grid 
Bias 

Screen Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

A .... 

Factor 
"` 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 

Volts Amp. In Out 
Plate- 
Grid 

2C22 Triode Amplifier 4AM 6.3 0.3 2.2 0.7 3.60 Class-A Amp. 300 -10.5 -. - 11 6600 3000 20 - - 2C22 

6A5G Triode Power Amplifier 6T 6.3 1.0 .- --- -- 

Class-A Amp., 250 -45.0 - --. 60 800 4.2 2500 3.75 

6A5G P.P. Class AB , 325 -68.0 - - 80 - 5250 -- 3000 , 15.0 

P.P, Class AB , 325 850* 80 - .-- 5000 , 10.0 

6AB6G Direct-Coupled Amplifier 7AU 6.3 0.5 --- - - Class-A Amp. 
250 0 Input 5.0 

40000 1800 72 8000 3.5 6A116G 
250 0 Output 34 

6AC5G High-p Power-Amplifier 
Triode 

6Q 6.3 0.4 -- -- --- P.P. Class 8 , 230 0 - --- 5.0 
36700 3400 125 

10000 , 8.0 
6AC5G 

Dyn.-Coupled 250 - -- - 32 7000 3.7 

6AC6G Direct-Coupled Amplifier 7AU 6.3 1.1 -..- -- - Class-A Amp. 
180 0 Input 7.0 

3000 54 4000 3.8 6AC6G . 
180 0 Output 45 

6AD5G High-p Triode 60 6.3 0.3 - -- -- Class-A Amp. 250 - 2.0 -• - 0.9 - 1500 100 ---- --- ileAD5G 

6AD6G Electron-Ray Tube 7AG 6.3 0.15 - --- --- Indicator 100 0 for 90°, -23 for 135°; 45 for 0°. Target current 1.5 ma. 6AD6G 

6AD7G Triode-Pentode BAY 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 80000 2500 -- 7000 3.2 

6AESG Triode Amplifier 60 6.3 0.3 - - --- Class-A Amp. 95 -15.0 - - 7.0 - 3500 1200 4.2 .- --- 6AE5G 

6AE6G Twin-Plate Triode with 
Single Grid 

7AH 6.3 0.15 Remote cut-off Class-A Amp. 250 - 1.5 6.5 25000 1000 25 
..... ..- 6AE6G 

Sharp cut-off Class-A Amp. 250 - 1.5 4.5 35000 950 33 



TABLE II - 6.3-VOLT GLASS TUBES WITH OCTAL BASES- Continued 

Type Name 
Socket 
Connec- 
lions 

Fil. or Heater Capacitance µµfd. 

Use 
Plate 
Supply 
Vo lts 

G rid 
ski. 
" 

Screen 

° 
v lis 

Screen 
Current 
Ma. 

Plate . 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

Amp. 
F. .... 

c"".  

Load 
Resistance 
Ohms 

Power 
Output 
Wafts 

Type 
Volts Amp. In Out Nat e-

Grid 

6AE7GT Twln-In.utTrlod, 7AX 6.3 0.3 - - - Driver Am lifier 250 -13.5 -- - 5.0 9300 1300 14 - - 6AE7GT 
6AFSG Triode Amplifier 6Q 6.3 0.3 --. Class-A Amplifier 180 -18.0 - - 7.0 - 1300 7.4 - 6AF5G 
6AF7G Twin Electron Ra 8AG 6.3 0.3 - Indicator Tube 6AF7G 
6AG6G Power-Am lifier Pentode 7S 6.3 1.25 --- - Class-A Am lifier 250 - 6.0 250 6.0 32 - 10000 8500 3.75 6AG6G 
6AH5G Beam Power Am lifter 6AP 6.3 0.9 - Class-A Am lifier 350 -18 250 - - 33000 5200 - 4200 10.8 6AH5G 
6AH7GT Twin Triode BBE 6.3 0.3 --- Converter & Amp. 250 - 9.0 - - 12 i 6600 2400 16 - -- 6AH7GT 
6AL6G Beam Power Amplifier 6AM 6.3 0.9 - Class-A Amplifier 250 -14.0 250 5.0 72 22300 6000 - 2300 6.5 6AL6G 
6AL7GT Electron-Ray Tube 8CH 6.3 0.15 -..- - - indicator Outer edge of any of the three Illuminated areas displaced IA6 in. min. outward with +5 volts 

to its electrode. Similar inward disp. with -5 volts. No pattern with -6 volts grid 6AL7GT 
6A07GT Duplex Diode Triode BCK 6.3 0.3 2.3 1.5 2.8 Class-A Amplifier 230 - 2.0 - - 2.3 44000 1600 70 - - 6A07GT 
6AR6 Beam Power Am. 680 6.3 1.2 11 7 0.35 Class-A Amplifier 250 -22.5 250 5 77 21000 3400 95 - 6AR6 
6AR7GT Diode Triode Rectifier BCG 6.3 0.3 1.4 1 2 Class-A Amplifier 250 - 2 - .-- 1.3 66500 1050 70 - 6AR7GT 
6AS7G Low-Mu Twin Triode 8110 6.3 2.5 - - - D.C. Amplifier 135 250. - 125 280 7500 2.1 - 6A57G 
6B4G Triode Power Amplifier 35 6.3 1.0 -- -.. - Power Amplifier Characteristics same as Type 6A3-Table IV - - 684 
6860 Duplex-Diode High-µ Triode 7V 6.3 0.3 1.7 3.8 1.7 Detector-Amplifier Characteristics same as Type 75-Table IV - 6116G 
6606 Beam Power Amplifier SIT 6.3 0.9 11 6.3 0.5 Deflection Amp. 400 -50 350 6.0 70 --. 6000 -- •- 6BG6 
6C8G Twin Triode 8G 6.3 0.3 - - - Amp. 1 Section 230 - 4.5 - - 3.1 26000 1450 38 -- - 6CBG 
6080 Pentagrid Converter BA 6.3 0.15 - -   C r 230 - 3.0 100 Cathode current 13.0Ma. Anode grid (No 2) Volts = 250, 6D8G 
6E8G Triode-Hexode Converter . 80 6.3 0.3 - Osc.-Mixer 230 - 2.0 Triode Plate 150 volts 6E80 
6F8G Twin Triode 80 6.3 0.6 --- Amplifier 250 - 8.0 - ...- 9' 7700 2600 20 - - 6F8G 

6G6G Pentode Power Amplifier 75 6.3 0.15 --- 
Class-A Amplifier 180 - 9.0 180 2.5 15 175000 2300 400 10000 1.1 

0.25 
6060 Class-A Amplifier' 180 -12.0 -- - - 4750 2000 9.5 12000 

6H4GT Diode Rectifier 5AF 6.3 0.13 -- - Detector 100 - - - 4.0 - - - - - 6H4GT 
6H8G Duo-Diode High-µ Pentode BE 6.3 0.3 --- Class-A Amplifier 250 - 2.0 100 --. 8.5 650000 2400 - - --- 6H8G 
6J8G Triode Heptode 8H 6.3 0.3 -•-• - -  Converger 250 - 3.0 100 2.8 1.2 Anode-grid (No. 2) 250 volts max., 5 m. 6J8G 
6K5GT High-m Triode SU 6.3 0.3 2.4 3.6 2.0 Class-A Amplifier 250 - 3.0 -- - 1.1 50000 1400 70 -.-- - 6KSGT 
6K6G Pentode Power Amplifier 75 6.3 0.4 - .-- -- Class-A Amplifier Characteristics same as Type 41-Table IV 6K6G 
61.50 Triode Amplifier 60 6.3 0.15 - -- Class-A Amplifier 250 - 9.0 -.- -.-- 8.0 - 1900 17 - - 6L5G 
6M6G Power Amplifier Pentode 75 6.3 1.2 -- Class-A Amplifier 250 - 6.0 250 4.0 36 - 9300 - 7000 4.4 6M60 
6M7G Triple-Grid Amplifier 7R 6.3 0.3 - R.F. Amplifier 250 - 2.5 125 2.8 10.5 900000 3400 - --- 6M7G 

6M8GT Diode Triode Pentode 8AU 6.3 0.6 ....- 
Triode Amplifier 100 - - - 0.3 91000 1100 

MABGT Pentode Amplifier 100 - 3.0 100 - 8.5 200000 1900 
6N6G Direct-Coupled Amplifier 7AU 6.3 0.8 - - - Power Amplifier Characteristics same as Type 6135-Table IV - - 6N6G 
6P5GT Triode Amplifier 60 6.3 0.3 3.4 3.5 2.6 Class-A Amplifier 250 -13.5 - - 5.0 9500 1450 13.8 - 6PSG 
6P7G Triode-Pentode 7U 6.3 0.3 - - - Class-A Amplifier Characteristics same as 6F7-Table IV 6P70 
6P8G Triode-Hexode Converter 8K 6.3 0.8 - Osc.-Mixer 250 - 2.0 73 1.4 1.5 Triode Plate CIO v. 2.2 ma. 6P80 
606G Diode-Triode 6Y 6.3 0.15 - - Class-A Amplifier 250 - 3.0 - - 1.2 - 1050 65 - -- 6Q60 
6R6G Pentode Amplifier 6AW 6.3 0.3 - - Class-A Amplifier 230 - 3.0 100 1.7 7.0 - 1450 1160 -- 6R60 
656GT Triple-Grid Variable-µ SAK 6.3 0.45 - - --- R.F. Amplifier 250 - 2.0 100 3.0 13 350000 4000 - - 6560T 
658GT Triple Diode Triode MI 6.3 0.3 1.2 5 2 Class-A Amplifier 250 - 2.0 --,-- -- 0.9 91000 - 100 --- 658GT 
6SD7GT Triple-Grid Semi-Variable-p BM 6.3 0.3 9 7.5 .0035 R.F. Amplifier 230 - 2.0 100 1.9 6.0 1000000 3600 - - 65D7GT 
65E7GT Tr e-Grid Am lifier 8N 6.3 0.3 8 7.5 .005 R.F. Amplifier 250 - 1.5 100 1.5 4.3 1100000 3400 3750 - 6SE7GT 

6SH7L Pentode R.F. Amp. Fig. 44 6.3 0.3 - - - Class A Amplifier 100 - 1.0 100 2.1 5.3 350000 4000 --- 
6SH7L 250 - 1.0 150 1.4 10.8 900000 4900 

-6SL7GT Twin Triode 810 6.3 0.3 - Amplifier 230 - 2.0 - -.- 2.3 i 44000 1600 70 - 6SL7GT 
«FOGY Twin Triode 880 6.3 0.6 - Amplifier 250 - 8.0 - •- 9.0 1 7700 2600 20 - 6SFUGT 
6SU7GTY Twin Triode CID 6.3 0.3 -.- Class-A Amplifier 250 - 2.0 .-- ..... 2.3 44000 1600 70 - 6SU7GTY 



TABLE 11-6.3-VULT LiLAbb lUbE Willi ULI AL DA3C›-Lonrinuea 

Type Nome 
Socket 
Comm- 
liens 

 Fil, or Heater Capacitance ppfd. 

Use 
Plate 
Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

T - 
ductance 

Micromhos 

Amp. 
F. to. 

c ' 

*Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 

Volts Amp. In Out 
Plate-
Grid 

6T6GM Triple-Odd Amplifier 6Z 6.3 0.45 --- - --- R.F. 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 Triple Grid Variable-a 7R 6.3 0.3 5 9 .007 R.F. Amplifier Characteristics same as Type 6D6-Table Ill 6U7G 

6V7G 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 1.23 - - - Class-A Amplifier 135 - 9.5 135 12.0 61.0 - 9000 I 215 2000 3.3 6W6GT 

6W7G Triple-Grid Oct. 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 250 0 v. for 300*, 2 ma. -8 v. for 0', 0 rna. Vane grid 125 v. 6X60 

6Y60 Beam Power Amplifier 7AC 6.3 1.25 15 8 0.7 Class-A Amplifier 135 -13.5 135 3.0 60.0 9300 7000 I ---• 2000 3.6 6Y6G 

6Y7G Twin Triode Amplifier 8B 6.3 0.3 - - - Class-B Amplifier Characteristics same as Type 79-Table IV 6Y7G 

6Z7G Twin Triode Amplifier 8B 6.3 0.3 - ----. -- Class-8 Amplifier 
180 0 - - 8.4 - --- I - 12000 4.2 6Z7G 
135 0 - - 6.0 - 

717A Pentode Amplifier 8BIC 6.3 0.175 - - - Class-A Amplifier 120 - 2.0 120 2.5 7.5 390000 4000 I --- -- - 7I7A 

1223 Pentode Amplifier 7R 6.3 0.3 - - - Class-A Amplifier Characteristics same as 6C6-Table IV 1223 

1635 Twin Triode Amplifier 8B 6.3 0.6 - - - Class-8 Amplifier 400 0 - - 10/63 - - 1 -- 14000 17 1635 

7000 Low-Noise Amplifier 7R 6.3 0.3 - - - Class-A Amplifier Characteristics same os Type 6J7-Table I 7000 

• Cathode resistor-ohms. 1Per plate ' Screen tied to plate. Through 20,000-ohm dropping resistor. 4 Values are for single tube. 5 Values ore for two tubes in push-pull. 

TABLE III-7-VOLT LOCK-IN- BASE TUBES 

For other lock-in-base types see Tables VIII, IX, X and XIII 

Plate-te-plate value. 

Type Name 
Socket 
Comore-
lions 

Heater Capacitance ppfd. 

Use 
Plate 
Supply 
Volts 

Grid 
.,., 
''as 

Screen 
.. 

""c 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Ira - 
dueler«, 
Micromhos 

A .... 
Fa.Z._ 

"'" 

Load 
Resistance 
Ohms 

Power 
Output 
Wafts 

Type 

Volts Amp. In Out 
Plate- 
Grid 

7A4 Triode Amplifier SAC 7.0 0.32 3.4 3 4 Class-A Amplifier 250 - 8.0 - - 9.0 7700 2600 20 - --. 7A4 

7AS Beam Power Amplifier 6AA 7.0 0.75 - - - Class-At Amplifier 125 - 9.0 125 3.2/8 37.5/40 17000 6100 -- 2700 1.9 7A5 

7A6 Twin Diode 7AJ 7.0 0.16 -- - -- Rectifier Max. A.C. volts per plate- 150. Max. Output current-10 ma 7A6 

7A7 Remote Cut-off Pentode 8V 7.0 0.32 6 7 .005 R.F. Amplifier 230 - 3.0 100 2.0 8.6 800000 2000 1600 --.-- 7A7 

7AP Multigrid Converter 8U 7.0 0.16 --t- - - Osc.-Mixer 250 - 3.0 100 3.1 3.0 50000 Anode-grid 250 volts max.' 7A8 

7AF7 Twin Triode 8AC 6.3 0.3 2.2 1.6 2.3 Class-A Amp. 250 -10 - - 9.0 7600 2100 16 -- - 7AF7 

7AG7 Sharp Cut-off Pentode Fig. 45 7.0 0.16 - .--- ---- Class-At Amp. 250 250* 250 2.0 6.0 750000 4200 -- -- --. 707 

784 High-a Triode SAC 7.0 0.32 3.6 3.4 1.6 Class-A Amplifier 250 - 2.0 - - 0.9 66000 1500 100 tt- -• 784 

785 Pentode Power Amplifier 6AE 7.0 0.43 - --- -= Class-At Amplifier 250 -18.0 250 5.5/10 32/33 68000 2300 -- 7600 3.4 785 

766 Duo-Diode Triode 8W 7.0 0.32 - - - Class-A Amplifier 250 - 2.0 - - 1.0 91000 1100 100 -- --. 786 

767 Remote Cut-off Pentode 8V 7.0 0.16 5 7 .005 R.F. Amplifier 250 - 3.0 100 2.0 8.5 700000 1700 1200 -- --. 7B7 

788 Pentagrid Converter 8X 7.0 0.32 - - - Osc.-Mixer 250 - 3.0 100 2.7 3.5 360000 Anode-grid 250 volts max.' 788 

7C5' Tetrode Power Amplifier 6AA 7.0 0.48 - - - Class-At Amplifier 250 -12.5 250 4.5/7 45/47 52000 4100 -- 5000 4.5 7C5 

7C6 Duo-Diode Triode 8W 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 R.F. Amplifier 250 - 3.0 100 0.5 2.0 2 meg. 1300 - --•- -.- 7C7 

7D7 Triode-Hexode Converter 8AR 7.0 0.48 - - - Osc.-Mixer 250 - 3.0 Triode Plate (No. 3) 150 v. 3.5 ma. 7D7 

7E6 Duo-Diode Triode 8W 7.0 0.32 -- --- - Class-A Amplifier 250 - 9.0 - - 9.5 8500 1900 16 -..- -.- 7E6 

7E7 Duo-Diode Pentode 8AE 7.0 0.32 4.6 4.6 .005 Class-A Amplifier 250 - 3.0 100 1.6 7.5 700000 1300 - -- tt- 7E7 

7F7 Twin Triode 8AC 7.0 0.32 ---- - -- Class-A Amplifier , 250 - 2.0 tt-- - 2.3 44000 1600 70 -- ..-. 7F7 

7F8 Twin Triode 88W 6.3 0.30 2.8 1.4 1.2 R.F. Amplifier 
250 - 2.5 - -- 10.0 10400 5000 -- - 7F8 
180 - 1.0 12.0 8500 7000 

707 1 
• 1232 Triple-Grid Amplifier 8V 7.0 0.48 9 7 .007 Class-A Amplifier 250 - 2.0 100 2.0 6.0 800000 4500 •-' '-'. -••" 

7G7 / 
1232 



TABLE III-7-VOLT LOCK-IN- BASE TUBES- Continued 

Type Nome 
Socket 
Conran- 
Hens 

Heater Capacitance ppfd. 

Use 
Plate 
Supply 
Volts 

Grid 
.. 
6•65 

Screen 
., .. 
""s 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 

Micromhos 

Amp. 
F t. 
. c ' 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 
Volts Amp. In Out Plate- 

Grid 

7G11/ 
ix* Dual Tetrad. 81IV 6.3 0.30 3.4 2.6 0.15 R.F. Amplifier 2 250 - 2.5 100 0.8 4.5 225000 2100 - - --. 7G8/ 

1206 
7H7 Triple-Grid Semi-Variable-p 8V 7.0 0.32 8 7 .007 R.F. Amplifier 250 - 2.5 150 2.5 9.0 1000000 3500 - - - 7H7 
7J7 Triode-Hexode Converter 8AR 7.0 0.32 -.-- - - Osc.-Mixer 250 - 3.0 100 2.9 1.3 Triode Plate 250 v. Max.1 7J7 
7K7 Duo-Diode High-p Triode 8BF 7.0 0.32 - - - Class-A Amplifier 250 - 2.0 - - 2.3 44000 1600 70 - - 7K7 
7L7 Triple-Grid Amplifier 8V 7.0 0.32 8 6.5 .01 Class-A Amplifier 250 - 1.5 100 1.5 4.5 100000 3100 Cathode Resistor 250 ohms 717 
7N7 Twin Triode 8AC 7.0 0.6 ---- - - Class-A Amplifier , 250 - 8.0 - -- 9.0 7700 2600 I 20 I - - 7N7 
707 Pentagrid Converter 8AL 7.0 0.32 - - - Osc.-Mixer 250 0 100 8.0 3.4 800000 Grid No. 1 resistor 20000 ohms 7Q7 
7R7 Duo-Diode Pentode 8AE 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 Hexode Converter 8BL 7.0 0.32 - - --- Osc.-Mixer 250 - 2.0 100 2.2 1.7 2000000 Triode Plate 250 v. Max 1 757 
7T7 Triple-Grid Amplifier 8V 7.0 0.32 8 7 .005 Class-A Amplifier 250 - 1.0 150 4.1 10.8 900000 4900 - - - 7T7 
7V7 Triple-Grid Amplifier 8V 7.0 0.48 - - - Class-A Amplifier 300 1600 150 3.9 9.6 300000 5800 - - --. 7V7 
7W7 Triple-Grid Variable.» 86.1 7.0 0.48 - - - Class-A Amplifier 300 - 2.2 150 3.9 10 300000 5800 - - -- 7W7 
7X7 Duo-Diode Triode 8BZ 6.3 0.3 - -.-- •-.- Class-A Amplifier 250 - 1.0 - - 1.9 67000 1500 100 - -- 7X7 
1231 Pentode Amplifier 8V 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 8V 7.0 0.32 6.0 6.5 .007 Class At Amplifier 
250 - 3.0 100 0.7 2.2 1000000 1575 - - - 
100 - 1.0 100 1.8 5.7 400000 2275 - - - 1273 

XXL Triode Oscillator SAC 7.0 0.32 - - - Oscillator 250 - 8.0 - - 8.0 - 2300 20 - ---- XXL 

• Cathode resistor-ohms. 1 Applied through 20000-ohm dropping resistor. 

TABLE IV-6.3-VOLT GLASS RECEIVING TUBES 

2 Each section. 

Type Name Base 
Socket 
Connec-
tiens 

Fil or Heater ' Capacitance ppfd. 

Use 
Plate 
Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

Am p. 
F... tor 
' 

I Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 
Volts Amp. In Out 

Plate- 
Grid 

2C21/ Twin-Triode Amplifier M. 7BH 6.3 0.6 - - - Class-A Amp. 250 -16.5 -..--. - 8.3 7600 1375 10.4 2C21/ 
1642 ---» - 

1642 
Class-At Amp. 250 -45 - - 60 800 5250 4.2 2500 3.5 

6A3 Triode Power Amplifier M. 4D 6.3 1.0 - - - 300 -62 Fixed Bias 40 Power output for 2 tubes 330011 15 6A3 Class Al Amp.12 300 780. 
Self Bias 40 load plate-to-plate 5000 11 10 

6A4 Pentode Power Amplifier M. 5B 6.3 0.3 - - - Class-A Amp. 180 -12.0 180 3.9 22 45500 2200 100 8000 1.4 6A4 

6A6 Twin Triode Amplifier M. 7B 6.3 0.8 - - - Class-B Amp. 250 
300 0 

0 - - Power output is for one tube at stated 
load, plate-to-plate 

8300 
10000 

8.0 
10.0 6A6 

6A7 Pentagrid Converter S. 7C 6.3 0.3 - - - Converter 250 - 3.0 100 2.2 3.5 360000 Anode grid (No. 2) 200 volts max. 6A7 
6A115/6N5 Electron-Ray Tube S. 6R 6.3 0.15 -.- - - indicator Tube 180 Cut-off Grid Bias = - 12 v. 0.5 Target Current 2 ma. - 6A85/6N5 

6AF6G 
Electron-Ray Tube 
Twin Indicator Type 

S. 7AG 6.3 0.15 --i- ...--. - Indicator Tube 135 
100 

Ray Control Voltage = 81 for 0° Shadow Angle. Target current 1.5 ma. 
Ray Control Voltage =60 for 00 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. 12 

300 
400 

0 
-13.0 

- 
- 

61 
4.5 1 

45 
40 

241000 
- 

2400 
- 

58 
- 

7000 
10000 11 

4.0 
20 685 

687 Duplex-Diode Pentode S. 70 6.3 0.3 3.5 9.5 .007 Pentode R.F. 
Amp. 250 - 3.0 125 2.3 9.0 650000 1125 730 --. - 687 

6C6 Triple-Grid Amplifier S. 6F 6.3 0.3 5 6.5 .007 R.F. Amplifier 250 - 3.0 100 0.5 2.0 1500000 1225 1500 --. - 
i 

6C6 
67 Duplex Diode Triode S. 7G 6.3 0.3 - - --- Class-A Amp. 250 - 9.0 - - 4.5 -.-- 20 1250 - -.-- 6C7 
606 Triple-Grid Variable-µ S. 6F 6.3 0.3 4.7 6.5 .007 R.F. Amplifier 250 - 3.0 100 2.0 8.2 800000 1600 1280 --. - 6D6 
607 Triple-Grid Amplifier S. 7H 6.3 0.3 5.2 6.8 .01 Class-A Amp. 250 - 3.0 100 0.5 2.0 - 1600 1280 -•-. -.-- 607 
6E5 Electron-Ray Tube S. 6R 6.3 0.3 --- ---- - Indicator Tube 250 0 - - 0.25 Target Current 4 ma. ---. 6E5 
6E6 Twin Triode Amplifier M. 711 6.3 0.6 - - - Class-A Amp. 250 -27.5 Per plate- 18.0 3500 1700 6.0 14000 1.6 6E6 
6E7 Triple-Grid Variable-p S. 7H 6.3 0.3 R.F. Amplifier Characteristics same as 6U7G-Table II 6E7 



IV-6,3-VOLT GLASS RECEIVING TUBES-Continued 

Tyr* Name Base 

Sock., 

Conner- 
lions 

Fil' or Heater Capacitance pidd. 

Use 

Plate 

Supply Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 

Ma. 

Plate Current 

Ma. 

Plate Resistance 

Ohms 

Transcon- ductance 

Micromhos 

Ans,.. 
Z_ 

Load 
Resistance 
 Ohms 

Power 
Output 
Watts 

Type 

Volts Amp. In Out 
te Pla- 

Gsid 

6F7 '-- -'• 

Triode Unit Amp. 100 - 3.0 --.. -- 3.5 16000 500 8 - --
6F7 

Pentode Unit 
Amplifier 

250 - 3.0 100 1.5 6.5 850000 1100 

`target 

900 -- 

6U5/6G5 Electron-Ray Tube S. 6R 6.3 - - Indicator Tube 
250 
100 

Cut-off Grid Bias= -22 v. 
Cut-off Grid Bias = -8 v. 

0.24 
0.19 

Current 4 ma 
Target Current 1 ma 

-.-- 6U5/6G5 

6H5 Electron-Ray Tube S. 6R 6.3 --- --- Indicator Tube Same characteristics as Type 6G5-Circular Pattern 6H5 

6SB7Y Pentagrid Converter O. 8R 6.3 0.3 
9.6 9.2 

Converter 100 - 1 100 10.2 3.6 500000 900 .-.. -..- --

6587Y 

615 

Converter 250 - 1 100 10 3.8 1000000 950 ---• -.- --- 

Ose Section in 88-108 Me. Serv. 250 22000 e 12000 , 12.6/12.5 6.8/6.5 --- - -- •-• ---. 

6T5 Electron-Ray Tube S. 6R 6.3 0.3 -- -- ---, Indicator Tube 250 Cut-off Grid Bias = - 12 v. 0.24 Target Current 4 ma -.-- 
36 

36 Tetrode R.F. Amplifier S. SE 6.3 0.3 3.8 9 .007 R.F. Amplifier 250 - 3.0 90 1.7 3.2 550000 1080 595 - ---• 
37 

37 2 Class-A Amp. 250 -18.0 --- --. 7.5 8400 1100 9.2 -.-- ---.--. 

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 100000 1200 120 10000 2.5 38 

39/44 
39/44 Variable-µ R.F. Amplifier S. 5F 6.3 0.3 3.8 10 .007 R.F. Amplifier 250 - 3.0 90 1.4 5.8 1000000 1050 1050 -.-. -..--• 

41 --. Class-A Amp. 250 -18.0 250 5.5 32.0 68000 2200 150 7600 3.4 41 

42 Pentodo Power Amplifier-- Class-A Amp. 250 -16.5 250 6.5 34.0 100000 2200 220 7000 3.0 42 

52 2-Grid Triode M. Fig. 33 6.3 0.3 
Class-A Preamp., 110 0 -- -- 43.0 1750 3000 5.2 2000 1.5 52  

Class-B, 2 tubes 6 180 0 - -- 3.0 10000 5.0 

56AS Triode Amplifier S. SA 6.3 0.4 -- -- - Class-A Amp. Characteris ics same as 56 56AS 

57AS Pentode S. 6F 6.3 0.4 - --- - R.F. Amplifier Characteristics same as 57 57AS 

58AS Triple-Grid Variable-u S. 6F 6.3 0.4 --- -- - R.F. Amplifier Characteristics same as 58 58AS 

75 
75 Duplex-Diode Triode S. 6G 6.3 0.3 1.7 3.8 1.7 Triode Amplifier 250 - 1.35 - --- 0.4 91000 1100 100 -• --. 

76 
76 Triode Detector Amplifier S. SA 6.3 0.3 3.5 2.5 2.8 Class-A Amp. 250 -13.5 - - 5.0 9500 1450 13.8 - -- 

77 Triple-Grid Detector S. 6F 6.3 0.3 4.7 11 .007 R.F. Amplifier 250 - 3.0 100 0.5 2.3 1500000 1250 1500 ---• --.-. 77 

78 Triple-Grid Variable-u S. 6F 6.3 0.3 4.5 11 .007 R.F. Amplifier 250 - 3.0 100 1.7 7.0 800000 1450 1160 -..- - 78 

79 Twin Triode Amplifier S. 6H 6.3 0.6 --•-- - - Class-B Amp. 250 0 - - 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 -•-- -,--- 85AS 

89 Triple-Grid Power Amp. S. 6F 6.3 0.4 
Triode Amp? 250 -31.0 - --- 32.0 2600 1800 4.7 5500 0.9 

89 

1221 

1603 

---.- 
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-mierophonie Characteristics same as 6C6 

1603e Triple-Grid Amplifier M. 6F 6.3 0.3 - - - Class-A Amp. Characteristics same as 6C6 

7700 , Triple-Grid Amplifier S. 6F 6.3 0.3 --- - --.- Class-A Amp. Characteristics same as 6C6 7700 

*Cathode bias resistor-ohms. Current to Input plate (Pi). 
2 Grids Nos. 2 and 3 connected to plate. 
, Low noise, nonmicrophonic tubes. 

Gt tied to plate. 
, GI tied to G:. 
Ose. grid leak ohms. 

Screen dropping resistor ohms. 
Grid No. 2, screen; grid No. 3, suppressor. 
Values for single tube. 

-2.5-VOLT RECEIVING TUBES 

e, Values for two tubes in push-pull. 
,, Plate-to-plate value. 

Type Name Base 
Socket 
Canner- 
tions 

Pit, or Heater Capacitance µWei. 

Use 

Plate 

Supply 
Grid 

las 
B' 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plato 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

A ._ 
"' 

F actor 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 

Volts Amp. In Out 
Plate- 
Grid Volts 

2S/45 Duodlode M. SD 2.3 1.35 --.- - - Detector At 50 d.c. Volts per plate, cathode ma. =80 25/45 

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 
2A3 

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. 60 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 - -• .-. Ose.-Mixer Characteristics sarne as Type 6A7, Table IV 
2A7 



TABLE V- 2.5-VOLT RECEIVING TUBES- Continued 

Type 

2E6 

Name 

Direct 

Base 
Socket 
Conner 

Fil. or Heater Capacitance glafd. 

Use 
Plate 
Supply 
Volts 

Grid 
n„dii 
"" 

Screen 
von. 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
dudance 
Micromhos 

. 
e&m.., 
c"'"". 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Typo lions Volts Amp. In Out Plate- 
Grid 

287 

-Coupled Amplifier 

Duplex Pentode 
M. 7J 2.5 2.25 -- - -- Amplifier 250 -24.0 -.- - 40.0 5150 3500 18.0 5330 4.0 -Diode S. 70 2.5 0.8 3.5 9.5 .007 Pentode Amp. Characteristics same as Type 687-Table IV 

286 
2E5 Electron-Ray Tube S. 6R 2.5 0.8 - - --- Indicator Tuba Characteristics same as Type 6E5-Table IV 

287 
2G5 Electron-Ray Tube S. 6R 2.5 0.8 - - -- indicator Tube Characteristics same as 6U5/6G5-Table IV 

2E5 

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 1 4.0 1 600000 1 1050 1 630 -- - 

2G5 

24-A Bias Detector 250 - 5.0 20/45 Plate current adjusted to 0.1 ma. with no signal 
27 Triode Detector-Amplifier M. SA 2.5 1.75 3.1 2.3 3.3 

Class-A Amp. 250 -21.0 - 5.2 9250 975 9.0 --
27 Bias Detector 250 -30.0 --- Plate current adjusted to 0.2 ma. w ith no signal 

35/51 Variable.» Amplifier M. SE 2.5 1.75 5.3 10.5 .007 Screen-Grid R.F. 
Amplifier 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 4603 
46 Dual-Grid Power Amp. M. 3C 2.5 1.75 Class-A Amp., 250 -33.0 - ---- 22.0 2380 2350 5.6 6400 

2.00 

1.25 
45 

46 Class-B Amp., 400 0 - - Power output for 2 tubes 5800 20.0 47 Pentode Power Amplifier M. SE 2.5 1.75 8.6 13 1.2 Class-A Amp. 250 -16.5 250 6.0 31.0 60330 2530 150 7000 2.7 53 Twin Triode Amplifier M. 76 2.5 2.0 - --- - Class-II Amp. Characteristics same as Type 6A6, Table IV 
47 

55 Duplex-Diode Triode S. 6G 2.5 1.0 1.5 4.3 1.3 Class-A Amp. Characteristics same as Type 85, Table IV 
53 
55 56 Triode Amplifier, Detector S. 5A 2.5 1.0 3.2 2.4 3.2 Class-A Amp. Characteristics same as Type 76, Table IV 

57 Triple-Grid Amplifier S. 6F 2.5 1.0 -..- -- -- R.F. Amplifier 250 - 3.0 100 0.5 2.0 1500000 1225 1500 -- 
56 

57 
58 Triple-Grid Variable.» S. 6F 2.5 1.0 4.7 6.3 .007 Screen-Grid R.F. 

Amplifier 250 - 3.0 100 2.0 8.2 800000 1600 1280 
..-» -•-• 58 

59 Triple-Grid Power 
Amplifier M. 7A 2.5 2.0 Class-A Triode' 250 -28.0 -. - 26.0 2300 2600 6.0 5000 1.25 

59 Class-A Pentode , 250 -18.0 250 9.0 35.0 40300 2500 100 6000 RK15 Triode Power Amplifier M. 4D , 2.5 1.75 - - - 
Characteristics some as Type 46 with Class-8 connections 

3.0 

RK 15 RK16 Triode Power Amplifier M. 5A 2.5 2.0 
Characteristics same as Type 59 with Class 

RK17 Pentode Power Amplifier M. SF 2.5 2.0 - - - -A triode connections 
Characteristics same as Type 2A5 

 RK16  RK16 

'Grid connection to cap; no connection to No. 3 pin. ' Grid No. 2 tied to plate. Grids Nos. 1 and 2 tied together. Grids Nos. 2 and 3 connected to plate. b Grid No. 2, screen; grid No. 3, suppressor. 

TABLE VI - 2.0-VOLT BATTERY REC:IVING TUBES 

-   

Power 
Output 
Watts 

Type Name Bose 
Socket Filament Capacitance eipfd. 

Use 
Plate ...., 
SuP'''' Volts 

Grid 
Bias 

Screen 
Volfs 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

Amp. 
Factor 

Load 
Resistance 
Ohms 

„ 
Type 

Conn-ec 
lions Volts Amp. In Out Plate- 

Grid 

1A4P 

1A4T 

Voriable-g Pentode 

Variable Tetrode 

S. 

S. 

4M 

4K 

2.0 0.06 5 11 .007 R.F. Amplifier 180 - 3.0 67.5 0.8 2.3 1000000 750 750 -.- -.- 1A4P -g 2.0 0.06 5 11 .007 R.F. Amplifier 180 - 3.0 67.5 0.7 2.3 960000 750 720 -•-• -.-- 1A4T IA6 Pentagrid Converter S. 6L 2.0 0.06 --. -.-- --- Converter 180 - 3.0 67.5 2.4 1.3 500003 Anode grid (No. 2) 180 max. volts 1A6 
1E4P/951 Pentode R.F. Amplifier S. 4M 2.0 0.06 5 11 .007 R.F. Amplifier 1:: 1 gl: ::;:: 0.6 

0.7 
1.7 
1.6 

1500000 
1003000 

650 
633 

1505300 --.-. -- 184P/951 1115/255 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 ---- -- 1135/255 106 Pentagrid Converter S. 6L 2.0 0.12 10 10 - Converter 180 - 3.0 67.5 2.0 1.5 750000 Anode grid (No. 2) 135 max. 106 IF4 Pentode Power Amplifier M. 5K 2.0 0.12 -- -- - Class-A Amp. 135 - 4.5 135 2.6 80 200000 1700 340 16300 
volts 

0.34 1F4 
1F6 Duplex-Diode 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 --. --
1F6 A.F. Amplifier 135 - 1.0 135 Plate, 0.25 megohm; screen, 1.0 megehm Amp. =48 



TABLE VI - 2.0-VOLT BATTERY RECEIVING TUBES- Continued 

Type Name Base 
Socket 
Connec- 
lions 

Filament Capacitance odd. 

Use 
Plate 
Supply 
Volts 

Grid 
si as 

Screen 
a v Its 

Screen 
Current 
MO. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

" 
Fact:*r 

Load 
Resistance 

Ohms 

Power 
Output 
Watts 

Type 

Volts Volts Amp. In Out 
l 
Grid 

15 R.F. 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 750 600 ..- -.. 15 

19 Twin-Triode Amplifier S. 6C 2.0 0.26 ..-- - -- Class-8 Amp. 135 0 - - - Load plate-to-plate 10000 2.1 19 

30 Triode Detector Amplifier S. 40 2.0 0.06 -- - - Class-A Amp. 180 -13.5 -.- --.- 3.1 10303 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 Tetrode R.F. Amplifier 1'1. 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. 5K 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- s 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. 5C 2.0 0.12 - 
Class-A Amp., 135 -20.0 .- - 6.0 4175 1125 4.7 11000 0.17 

49 
Class-B Amp.? 180 0 -. --. Power output for 2 tubes 12000 3.5 

840 R.F. Pentode S. Si 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 100 13500 0.45 950 

RK24 Triode Amplifier M. 40 2.0 0.12 - - -- Class-A Amp. 180 -13.5 - .- 8.0 5000 1600 8.0 12000 0.25 RK24 

1229 Tetrode R.F. Amplifier M. 4K 2.0 0.06 - - - Class-A Amp. Special Type 32 for low grid current applications 1229 

Grid No. 2 tied to plate. 2 Grids Nos. 1 and 2 tied together. 

TABLE VII-2.O-VOLT BATTERY TUBES WITH OCTAL BASES 

Type Name 
Socket 
Connec- 
lions 

Filament Capacitance odd. 

Use 
Plate 
Supply 
Volts 

Grid 
Bic. 

Screen 
yobs 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

T " 
ductance 
Micromhos 

Amp. 
Fodor 

Load 
Resistance 
Ohms 

Power 
Output 

Watts 

Type 

Volts Amp. In Out 
Plate-
Grid 

1C7G Pentagrid Converter 7Z 2.0 0.06 -• .- -- Converter Characteristics same os Type 106-Table VI 1C7G 

105GP Variable-µ R.F. Pentode 5Y 2.0 0.06 5 11 .007 R.F. Amplifier Characteristics same as Type 1A4P-Table VI 1D5GP 

1D5GT Variable-o R.F. Tetrode SR 2.0 0.06 - --- - R.F. Amplifier 180 I - 3.0 I 67.5 I 0.7 I 2.2 l 600000 I 650 1D5GT 

1137G Pentagrid Converter 7Z 2.0 0.06 - -- - Converter Characteristicasame as Type 1A6-Table VI 1070 

1E5GP R.F. Amplifier Pentode 5Y 2.0 0.06 5 11 .007 R.F. Amplifier Characteristics same as Type 1134-Table VI 1E5GP 

IE7G Double Pentode Power Amp. 8C 2.0 0.24 - - Class-A Amplifier 135 I - 7.5 I 135 I 2.0 1 I 6.5 1 I 220000 I 1600 350 j 24000 I 0.65 1E70 

1F5G Pentode Power Amplifier 6X 2.0 0.12 -- - ---- Class-A Amplifier Characteristics same as Type 1F4-Table VI 1F5G 

1F7GV 2 Duplex-Diode Pentode TAD 2.0 0.06 3.8 9.5 0.01 Detector-Amplifier Characteristics same as Type 1F6-Table VI 1F7GV 

105G Pentode Power Amplifier 6X 2.0 0.12 - --- --. Class-A Amplifier 135 I-13.5 I 135 i 2.5 I 8.7 I 160000 I 1550 J 250 9000 0.55 1G5G 

1H4G 
1H4G Triode Amplifier 55 2.0 0.06 --. -- - Detector-Amplifier Characteristics same as Type 30-Table VI 

1H6G Duplex-Diode Triode 7AA 2.0 0.06 1.6 1.9 3.6 Detector-Amplifier Characteristics same as Type 185-Table VI 1H6G 

1J5G Pentode Power Amplifier 6X 2.0 0.12 - - -- Class-A Amplifier 135 I -16.5 l 135 I 2.0 I 7.0 I - I 950 100 13500 0.45 1J5G 

1J6G Twin Triode TAB 2.0 0.24 - - -.-- Class-8 Amplifier Characteristics same as Type 19-Table VI 1J60 

4A6G Twin Triode 8L 
2.0 0.12 

---- -- 
Class-A, 1 section 90 - 1.5 .-- - 1.1 26600 750 20 4A6G 

4.0 0.06 Class-8, 2 sections 90 - 1.5 - --..- 1.1 2 
I 

8000 1.0 

1 Total current for both sections; no signal. 2 Also Type G or GH. 

TABLE VIII - 1.5-VOLT FILAMENT BATTERY TUBES 

See also Table X for Special 1.4-volt Tubes 

Type Name Base 
Socket 
Connec-
tions 

Filament Capacitance µmid. 

Volts Amp. In Out 
Plate-
Grid 

Use 
Plate 
Supply 
Volts 

Grid 
Bias 

'Max. signal plate current = 10.8 Mo. 

Screen 
Screen Current 
Volts Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon-
duciance 
Micromhos 

Amp. 
Factor 

Load 
Resistance 
Ohms 

Power 
Output 
M-watts 

TYP0 

1A5G 

1A7G 

Pentode Power Amplifier 

Pentagrid Converter 

O. 

O. 

6X 

7Z 

1.4 

1.4 

0.05 

0.0S 

Class-Ar Amp. 

Osc.-Mixer 

90 

90 

-4.5 90 

o 43 

0.8 

0.6 

4.0 

0.55 

300000 

600000 

850 240 25000 

Anode-grid volts 90 

115 I ASG 

I A7G 



TABLE VIII - 1.5-VOLT FILAMENT BATTERY TUBES- Continued 

Type Nome ease 
Socket Filament Capacitance ppfd. 

Plate Grid Screen Screen Plate Plate T  Load Pow., Conner- 
Hens Volts Amp. In Out Plate-

Grid 

Use Supply 
Volts Bias Volts 

Current 
Ma. 

Current 
Ma. 

Resistance 
Ohms 

dudance 
Micromhos 

Amp. 
Factor 

Resistance 
Ohms 

Output 
M-watts 

Type 

1A135 I Pentode R.F. Amplifier O. 50 1.2 0.05 2.8 4.1 0.25 R.F. Amplifier 90 0 90 0. 8 15 275003 1100 

1B7G 150 -1.5 153 2.0 6.8 125000 1350 
-. -. IABS 

Pentagrid Converter O. 7Z 1.4 0.1 - --• --• Converter 90 o 45 1.3 1.5 350303 Grid No. 1 resistor 220,000 ohms 157G 1B8GT Diode Triode Pentode Triode Amplifier 93 

1C5G Pentode 

O. SAW 1.4 0.1 -.- 
-...-. 

--» 
Pentode Amp. 90 

o 
-6.0 

:-. 
90-  - -* 1.4 0.15 

6.3 
240003 
- 

275 
1130 

- 
- -- 14000 --. 210 1B8GT 

Power Amplifier O. 6X 1.4 0.1 -.- - --- Class-Au Arnie. 93 -7-5 93 1.6 7.5 1 15033 1550 165 8330 240 1CSG 1013GT Diode Triode Pentode Triode Amp. O. 8AJ 1.4 0.1 -- -- -• Pento d e  A mp. 
90 
90 

o 
_9.0 - 

90 -- 
1.0 1.1 

5.0 
43500 
200000 

575 
925 

23 
--• 

-- -- I D8GT  

1E4G Triode Amplifier 
- --. 

1G4G Triode 

0. 55 1.4 0.05 2.4 6 2.40 Class-A Amp. 90 
90 

0 
-3.0 - --. 

4.5 
1.5 

11000 
17000 

1325 
825 

14.5 
14 IE4G  

Amplifier O. Is 1.4 0.05 2.2 3.4 2.83 Class-A Amp. 90 -6.0 -..--. --.- 2.3 10703 825 8.8 - -- IG4G 
1G6G Twin Triode O. 7AB 1.4 0.1 - 

Class-A Amp. 90 0 - -- 1.0 45030 675 50 -..... - 

1H5G Diode 
Class-B Amp. 90 o -.- -- 1/7 34 volts input 12030 675 

1G60 

1LA4 
High-p Triode 

Pentode 
O. II 1.4 0.05 1.1 6 1.03 Class-A Amy. 93 o -- -- 0.14 243333 

per grid 

275 65 --.-• - 1115G 

LA6 
Power Amplifier 

Pentagrid 
L SAD 1.4 0.03 - - -. Class-A Amp- 90 Characteristics same as 1A5G IL 4 

1LB4 
Converter 

Pentode 
L 7AK 1.4 0.03 --•- --.- - Converter 90 0 45 0.6 0.55 Anode Grid Volts 93 IL 

1LB6 
Power Amplifier 

Heptode 
L SAD 1.4 0.05 ---• --• -- Class-A AMP. 93 -9 90 1.0 5.0  200000 925 I - I 12000 230 11.84 

1LC5 
Converter 

Triple 
L. SAX 1.4 0.05 - --• - Converter 90 0 67.5 2.2 0.4 Gril No. 4-67.5 v., Na. 5-0 v. 1LB6 

L 6 
-Grid Variable-p 

Pentagrid 
L. 7A0 1.4 0.05 3.2 7 .007 R.F. Amplifier 90 o 45 0.2 1.15 1503000 775 - --•-• - 1LC5 

1L05 
Converter L. 7AK 1.4 0.05 -- 1=111=11 Converter 90 0 35 4 0.7 0.75 Anode Grid Volts 45 Diode Diode Pentode L 6AX 1.4 0.05 3.2 6 0.18 Class-A Amp. 90 o 45 0.1 0.6 950030 600 - -,--. --- 1LDS 

1LE3 Triode Amplifier 90 o 
1LG5 

L. 4AA 1.4 0.05 1.7 3 1.70 Class-A Amts. 
90 -3 

-- -. 4.5 
1.3 

11203 
19000 

1300 
760 14.5 ---. - 1LE3  

1LH4 
Pentode R.F. Amp. L Fi.. 42 1.4 0.05 - - - Class-A Amp. 90 o 45 0.4 1.7 1000000  800 - - ---. ILG5 

1LN5 
Diode High-p Triode 
Triple 

L SAG 1.4 0.05 1.1 6 1.00 Class-A Amp. 93 o -- - 0.15 240000 275 65 - - 1LH4 

1N5G 
-Grid Amplifier 

Pentode 
L 7A0 1.4 0.05 3.4 8 .007 Class-A Amo. 93 0 90 0.3 1.2 1500000 750 - - - 1LN5 

1N6G 
R.F. Amplifier O. SY 1.4 0.05 3 10 .077 Class-A AMP. 90 0 90 0.3 1.2 1500300 750 1160 -- ---• 1N5G 

PSG 
Diode-Power-Pentode 
Triple 

O. 7AM 1.4 0.05 - - --- Class-A Amp. 90 -4.5 90 0.6 3./ 300000 803 -••-- 25030 100 1N6G -Grid Pentode O. 3Y 1.4 0.05 3 IIMICE3 R.F. Amplifier 90 0 93 0.7 2.3 8-33333 833 640 - - IPSO 
1135G 

154/1294  

Tetrode 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 

70300 
75000 

1950 
2100 -- 

9000 
8000  

250 
270 

in5G 

15A6GT 
U.h.f. Diode L 4AH 1.4 0.15 --- -.-- --- Rectifier Max. r.m.s. voltage per plate -33 Max. d.c. output currmt-333 154/1294 R.F. Pentode O. 6CA 1.4 0.05 5.2 8.6 0.31 R.F. Amplifier 93 o 67.5 0.68 2.45 833330 970 .7.-- 

me. 

- - 1SA6GT 
ISB6GT Diode Pentode O. 603 1.4 0.05 3.2 3 0.25 Class-A Amp. 90 0 67.5 0.38 1.45 703330 665 - - 

T-Tr Beam 
R.C. Amplifier 90 0 90 Screen resistor 5 meg., grid 10 meg. 1 msg. 110 , 15116GT 

87/1291 
Power Amplifier 

U.h.f. 
O. 6AF 1.4 0.05 4.8 111M 0.51 Class-A Amp- 90 -6.0 90 1.4 6.5 - 1150 - 14000 170 T 

1293 
Twin Triode 

U.h.f. 
L. 713E 1.4 0.22 - 1=1.=11 Class-A Amp. 93 0 - --• 5.2 11350 1850 21 - - 387/1291 

336/1299  
Triode L Fl • . 2 1.4 0.11 - - II=I Class-A Amp. 93 0 - - 4.7 10750 1300 14 - - 129 U.h.f. Tetrode L. 6813 2.8" 0.11 7.5 6.5 0.31 Class-A Amp. 135 -6 90 0.7 5.7 - 2200 - 13000 520 306 1299 

CK501 

CK502 

Pentode Voltage Amplifier - 7 --- 7 1.25 0.033 - - a Class-A Amp. 30 
45 

o 
-1.25 

30 
45 

0.06 
0.055 

0.3 
0.28 

1000000 
1500000 

325 
300 - .-..- - CKS01 

Pentode Outout Amplifier - 7 -- 7 1.25 0.033 ---• - Class•A Amp. 30 o CK503 Pentode Output 
30 0.13 0.55 503333 430 --.- 62000 3 .K502 

CK504 
Amplifier 

Pentode Output 
- 7 -- 7 1.25 0.033 - 1=11=1 Class-A Amo. 30 o 30 0.33 1.5 150000 600 - 20000 67 CK503 Amplifier - 7 -- 7 1.25 0.033 - - - Class-A Amp. 30 -1.23 30 0.09 0.4 533330 350 - 60000 37 

CK505 

CK506 

Pentode Voltage Amplifier - 7 -- 7 0.625 3.03 - --.- - Class-A Amp. 30 
45 

o 
-1.25 

30 
45 

0.07 
0.08 

0.17 
0.2 

1100300 
2000000 

140 

150 --••• •••••• - acsos 

CK507 
Pentode Output Amplifier 

Pentode 
- 7 - 7 1.25 0.05 - - - Class-At Amp. 45 -4.5 45 0.4 1.25 120000 500 - 30000 25 CK506 Output Amplifier -7 -- 7 1.25 0.05 - --.- -- Class-At Amp. 45 , -2.5 45 0.21 0.6 360309 500 ---. 30000 12 CK507 



TABLE IX-HIGH-VOLTAGE HEATER TUBES- Continued 

Type Name Base 
Socket 

Heater Capacitance µold. 

the 

oPlate. 
. 41211.1, 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 

Ma. 

Plate 
Current 

Ma. 

Plate 
Resistance 

Ohms 

Transcon- 
ductance 

Micromhos 

Amp. 
Facto_ 

' 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 
Connec- 
tiens Volts Amp. In Out 

Plate-
Grid 

26A7GT 
Twin Beam-Power Audio 

Amplifier 
O. 8BU 26.5 0.6 

Each Unit 
Push-Pull 

Class-A Amp. , 26.5 - 4.5 26.5 2/5.5 20/20.5 2500 5500 - 1300 0.2 26A7GT 

Class-AB Amo. , 26.5 - 7.0 26.5 2/8.5 19/30 --.- - -.- 2500. 0.5 

32L7GT Diode-Beam Tetrode O. 8Z 32.5 0.3 - --- - Class-A Amp. 110 - 7.5 110 3 40 15000 6000 -.- 2500 1.5 32L7GE 

35AS Beam Power Amplifier L. 6AA 35 0.15 - - - Class-Ai Amp. 110 - 7.5 110 3/7 40/41 14000 5800 - 2500 1.5 35A5 

35L6G Beam Power Amplifier O. 7AC 35 0.15 13 9.5 0.80 Class-Ai Amp. 110 - 7.5 110 3/7 40/41 13800 5800 - 2500 1.5 35L6G 

43 Pentode Power Amplifier M. 68 25 0.3 8.5 12.5 0.20 Class-A Amp. 95 -15.0 95 4.0 20.0 45000 2300 90 4500 0.90 43 

48 Tetrode 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 50 0.15 --- - - Class-Ai Amp. 110 - 7.5 110 4/11 49/50 10000 8200 -- 2000 2.2 50A5 

50C6GT Beam Power Amplifier O. 7AC 50 0.15 - -- Class-As Amp. 135 -13.5 135 3.5/11.5 58/60 9300 /000 -- 2000 3.6 50C6GT 

50L6GT Seam 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-Beam Tetrode O. 8A8 1 70 0.15 -- - - Class-A Amp. 110 - 7.5 110 3.0 40 - 5800 80 2500 1.5 70A7Gf 

70L7GT Diode-Beam Tetrode O. 8AA 70 0.15 - - -- Class-Ai Amp. 110 - 7.5 110 3/6 40/43 15000 7500 -- 2000 1.8 70L7GT 

117L7GT/ 
117M7GT 

Isoclines-Amplifier O. 8A0 117 0.09 - -- -. Class-A Amp. 103 - 5.2 105 4/3.5 43 17000 5300 - 4000 0.85 
117L7GT/ 
117M7GT 

117N7GT  Rectifier-Amplifier O. 8AV 117 0.09 - -- - Class-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 4/3.5 43 17000 5300 - 4000 0.85 117PIGT 

1284 U.h.f. Pentode O. Fig. 4 12.6 0.15 Class-A Amp. 250 - 3.0 100 2.5 9.0 800000 2000 ---• -- -- 1284 

1629 Electron-Roy Tube O. 6RA 12.6 0.15 - ---- -- Indicator Tube Characteristics same as 6E5-Table IV 1629 

1631 ileum Power Amplifier O. 7AC 12.6 0.45 -- - - Class-A AMID Characteristics same as 6L6-Table I 1631 

1632 Beam Power Amplifier O. 7AC 12.6 0.6 - - - Class-A Amp. Characteristics same as 25L6 1632 

1633 Twin Triode O. BBD 25 0.15 - - - Class-A Amp. Characteristics same as 6SN7GT-Table II 1633 

1634 Twin Triode 0. 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 - --- -- Class-A Amp. 180 - 9.0 180 2.8/4.6 13 160000 2130 -.-- 10030 1.0 1644 

XXD  Twin Triode L. BAC 12.6 0.15 -- - - Class-A Amp. 250 -10 - - 9.0 -- 2100 16 --• --- XXO 

2807 
Double Beam Power 

Amplifier 
L. 8BS 28.0 0.4 - - --- Class-A Amp. 28 

390• 28 2 0.7 2 9.0 2 -- ---• - 4000. 0.08 2 
28D7 

180* 28 , 1.2 , 18.5 1 -- --• 6000. 0.175 , 

*Cathode resistor-ohms. l 6 3-volt pilot lamp roust be connected between Pins 6 and 7. 
2Per section-resistance-coupled. 

P.p. operation-values for both sections, resistance-coupled. 
Plate to plate. 

TABLE X - SPECIAL RECEIVING TUBES 

1 Values are for each un t. 
'Values are for single tube. 

Type Nome Base 
Socket 
Connec- 
lions 

Fil. or Heater Capacitance med. 

Use 
Plate 
Supply 
Volts 

Grid 
Bi.. 

-- 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

Amp. 
pad. 

Load 
Resistance 

Ohms 

Power 
Output 
Watts 

Type 

Volts Amp. In Out 
Plate-
Grid 

00-A Triode Detector M. 40 5.0 0.25 3.2 2.0 8.50 Grid Leak Dot. 45 -- -- -- 1.5 30030 666 20 --- -- 00-A 

01-A Triode Detector Amplifier M. 40 5.0 0.25 - - - Class-A Amp. 135 - 9.0 ---- --- 3.0 10030 800 8.0 - - 31-A 

2E32 Sub miniature Pentode 1 - 1.25 0.05 Class-A Amp. 22.5 0 22.5 0.3 0.4 350000 SOO - -- .- 2E32 _ 

2E36 Sub miniature Pentode 1 - 1.25 0.03 Class-Ai Am. 
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 0.006 

2E42 Sub miniMere Diode Pent. I - 1.25 0.03 Detector Amo, 22.5 0 22.5 0.12 0.35 250000 375 -- 1 Meg. -- 2i42 

2022 Sub minint i-e Converter i -- 1.25 0.05 Converter 22.5 0 22.5 0.3 0.2 500000 60 -- - ---- 29,22 

3A8GT Diode Triode Pentode O. SAS 
1.4 
2.8 

0.1 
0.05 - - 

Class -A Triode 90 0 --. - 0.15 240000 275 65 -- - 
3ACGT 

Class-A Pentode 90 0 90 0.3 1.2 600000 
750 ---- - - 

385GT Beam Power Ampliilers O. 7AP 
1.4 
2.8 

0.1 
0.05 -t- - - Class-A Amp. 67.5 - 7.0 67.5 

0.6 
0.5 

8.0 
6.7 

100000 
1650 
1530 

-- 5000 
0.2 
0.18 

Mai' 

3C5GT Power Output Pentode O. 7A0 Ili i41.:)5 - - - Class-A Amp. 90 - 9.0 90 1.4 6.0 - 1550 1450 - 8000 10000 0.24 0.26 
3CSGT 

9C6 Twin Triode L. 
... 

711s• 
1.4 
2.8 0.1 

0.05 - - - Class-A Amp. 90 0 --. -- 4.5 1120) 1330 14.5 -- -i- 3C6 



TABLE X-SPECAL uvrennian 

Type 

31E4 

Name 
Ell. or Heater Capacitance Socket µAd. 

Plate Screen Plate Base Connes 
tions Volts Amp. In Oui 7- 

Use Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

Current 
Ma. 

Current 
Mo. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

A __ 
"•_'"f 
Factor 

Load 
Resistance 

Power 
Output 
Watts 

Type 

Power Amplifier Pentode L. 68A 2.8 0.05 - - - Class-A Am. 90 - 9.0 90 1.8 9.0 
3LF4 Power Amplifier Tetrode 1.4 0.1 

110000 1600 - 6000 0.30 3184 L. 68B 
2.8 0.05 - --- -- Class-A Amp. 90 - 4.5 90 1.3 

1.0 
9.5 
8.0 

75000 
80000 

2200 
- 

8000 0.27 
3LF4 

305GT Beam Power Amplifier O. 1.4 0.1 Para lei Filaments 
2000 7000 0.23 

7AP 
2. 8 0.05 Series Filaments Cls-A Amp. 90 - 4.5 90 1.3 

1.0 
9.5 
7.5 -.-- 

2100 
1 acto - 8000 0.27 3Q5Gy 

4A6G 

6F4 

Twin Triode Amplifier 

Acorn 

4 0.06 Triodes Parallel Class-A Amp. 90 
0.2S 

O. 81. 
2 0.12 

- 1.5 -- -- 2.2 13300 1500 20 - - Bo h Sections Class-8 Amp. 90 0 -- - 4.6 4A6G 

10 
Triule 

Triode Power Amplifier 
A. 7AR 6.3 0.225 2.0 0.6 1.90 Class-A Amp. 80 150' --- --- 13.0 

- 

2900 

- 

5800 

--- 

17 
8000 

- 
1.0 

6F4 
2 Triode Detector Amplifier 

M. 
M. 

40 

4F/40 
7.5 1.25 4.0 3.0 7.00 Class-A Ama. 425 -39.0 --- - 18.0 5000 1600 8.0 13200 

- 

1.6 10 1.1 0.25 -- -- ---
11 12 2'0 

22 
Triode Power Amplifier 

Tetrode R.F. Amplifier 
S. 4D 3.3 0.132 2.0 2.3 4.10 Class-A Amp. 135 -22.5 6.5 6330 525 3.3 6500 0.11 20 

26 Triode Amplifier 
M. 4K 3.3 0.132 3.5 10 0.02 Class-A Amp. 135 - 1.5 67.5 1.3 3.7 325000 500  160 

40 Triode Voltage Amplifier 
M. 

MEER. 

40 1.5 1.05 2.8 2.5 8.10 Class-A Amy. 180 -14.5 - --. 6.2 7300 1150 8.3 

- 

--- 

- 

-- 

22 

26 

ral 4D 
5.0 0.25 2.8 2.2 2.00 Class-A Amo. 180 - 3.0 -- --- 0.2 130300 200 30 -- --- 40 50 

71-A 
Triode Power Amplifier 7.5 1.25 4.2 3.4 7.10 Class-A Am. 450 -84.0 -- --- 55.0 

99 10 
Triode Power Amplifier 

Triode 
El 40 5.0 0.25 3.2 2.9 7.50 Class-A AMP. 180 -43.0 - - 20.0 

1800 

1750 
2100 3.8 4350 4.6 50 

112A 
Detector Amplifier 

Triode 
S. 4D 3.3 0.063 2.5 2.5 3.30 Class-A Am. 90 - 4.5 -- -- 2.5 15500 

1700 

425 

3.0 4800 0.79 71-A 

1828  
Detector Amplifier VIM= 5.0 0.25 --- - - Class-A Am . 180 -13.5 -- -- 7.7 4700 

6.6 -- -- 99 

4828 

183 483 

Triode Amplifier 

Power 

M. 

1800 8.5 - --• 112A 
40 5.0 1.25 -- - -- Class-A Amp. 250 -35.0 - --- 18.0 -• 1500 5.0 -.-. -.- 1828/ 

485 
Triode 

Triode 
ES 40 5.0 1.25 - - - Class-A Am. 250 -60.0 - -- 25.0 18000 

4826 

S. SA 3.0 1.3 --- - Class 
1800 3.2 4500 2.0 183/483 

S. 
-- -A Amp. 180 - 9.0 -- -- 6.0 9300 1350 12.5 - - 485 864 Triode Amplifier 40 1.1 0.25 --- - --- Class-A Amp. 90 - 4.5 -.-- --- 2.9 13500 

954 Pentode Detector, 
Amplifier 

Triode 

Class 
610 8.2 --- --- 864 

A. 5118 6.3 0.15 3.4 3.0 0.007 
-A Amp. 250 - 3.0 100 0.7 2.0 1.3 meg. 1400 2000 - - 

Bias Detector 250 - 6.0 100 - Plate current to be adjusted to 0.1 ma. with no signal 
95, 

955 Detector, 
Amplifier, Oscillator A. SBC 63 0.15 1.0 0.6 1.40 Class-A Am p. 250 - 7.0 -- -- 6.3 11400 2200 25 - 

- 

--- 
90 - 2.5 - -- 2.5 14700 1700 25 

955 

956 Triple-Grid Variable.» 
R.F. Ampli fier 

Triode Detector, 

Class Am. -- --• 
A. 5BB 6.3 0.15 3.4 3.0 0.007 

-A 250 - 3.0 100 2.7 6.7 700000 1800 1440 - 

Mixer 250 -10.0 100 - - Oscillator 
956 

957 

958 
Amplifier, Oscillator A. 

peak volts-7 min. 
5BD 1.23 0.05 0.3 0.7 1.20 Class-A Amp. 133 - 5.0 

-- -- 2.0 20800 650 13.5 -i--. - 957 

958-A 
Triode A.F. Amplifier, 

Oscillator A. 5BD 1.23 0.1 0.6 0.8 2.60 Class-A Amp. 135 - 7.5 -- -- 3.0 10000 1200 12 -i-- - 
958 

959 

7E5/1201 

Pentode Detector, 
Amplifier 

955-A 
A. SBE 1.25 0.05 1.8 2.5 0.015 Class-A Amp. 143 - 3.0 67.5 0.4 1.7 800000 600 480 - - 959 

U.h.f. Triode L. 88N 6.3 0.15 3.6 2.8 1.50 Class Amp. 
7C4/1203 

7AB" 

U.h.f. Diode L. 
-A 180 - 3 -  --i 5.5 12000 - 36 - - 7E5 1201 4AH 6.3 0.15 --- - - Rectifier Max. r.m.s. voltage-150 Max. d.c. output current -8 ma. 7C4/1203 

1204 U.h.f. Pentode L. Fig. 5 6.3 0.1.5 3.S 4.0 0.06 Class-A Amp. 250 - 2 100 0.6 
1.75 800000 1200 -' -. - 7A87/ 

1276 
1609 

Triode Power Amplifier MUM. 4.5 1.14 -- -- - Class-A Am. Characteristics similar to 6A3 
1204 

Pentode Amplifier KM 58 1.1 0.25 - -- -- Class 
1276 

A. 4BJ 6.3 0.15 - - -- 
-A Amp. 

Detector 
135 - 1.5 67.5 

Max 
0.65 2.5 400000 725 

a.c. voltage- 117. Max. d.c. 
300 -- - 1609 9004 

9005 
U.h.f, Diode 

U.h.f. Diode A. SAG 3.6 0.165 Detector 
output current-5 ma. 

Max a.c. voltage- 117. Max. d.c. ou 
9004 

EF-50 

GL 

High-Frequency Pentode 
Amplifier 

put current-1 ma. 9005 
L. Fig. 14 6.3 0.3 8 5 0.007 I.F.-R.F. Amp. 250 150' 250 3.1 10 600000 6300 

---- - - EF-50 -2C44 
GL-464A 

GL 

U.h.f. Triode O. Fig. Class-A Amp. 17 6.3 0.75 -- - .-- 
and Modulate 250 100' -- -- 25.0 .-- 7000 ---"' - - 

to, 
-446A 

GL-446 11 U.h.f. Triode Oscillator, 
GL-464A 

O. Fig. 19 6.3 0.75 __ _ _ Amp. 
or Converter  250 200" .-- -. 15.0 --- 4500 45 -. 

- 
GL-446A 

559 
GL-559 U.h.f. Diode 

GL-446B 
O. Fig. 18 6.3 0.75 - -- Detector or trans 

line switch 5.0 24.0 559 
at ..SMZI 



TABLE X - SPECIAL RECEIVING TUBES- Continued 

Type Name Base 
Socket 

Connec- 
Hens 

Fil' or Heater Capacitance ppfd. 

Use 
Plate 
S , 
Volts 

Grid 
Bias 

Screen 
Voles 

Screen 
Currant 
Mn. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon-
ductanca 
Micromhos 

FAancitopr. 

Laud 
Ret;isitance 

Power 
Output 
Watts 

Type 

Volts Amp. In Out uPP'T . Plate- 
Grid 

NU-2C35 Special Hi-Mu Triode O. Fig. 38 6.3 0.3 5.2 2.3 0.62 
Regulator Shunt Voltage 8000 -200 - -- 5.0 525000 950 500 - - NU-2C35 

M54 Tetrode Power Amplifier . -- 3.625 0.04 - - - Class-A Amp. 30 0 30 0.06 0.5 130000 200 26 35000 0.005 M54 

M64 Tetrode Voltage Amplifier 1 0.625 0.02 - - - Class-A Amp. 30 0 -- - 0.03 200000 110 25 - - M64 

M74 Telrode Voltage Amplifier I - 3.625 0.02 --- - - Class-A Amp. 33 o 7.0 0.01 0.02 500000 12à 7) -- - M74 

2.8/ 0.05/ 0 -. - 4.5 . 11200 • 1300 • 14,5 t -. -. 

XX8 
Twin-Triode 
Frequency Converter 

L. Fla. 9 
1.4 
3.2 ,/ 

1.6 

0.10 
_ 

--- 

- --•-• - Converter, 90' 
4.5. 11200. 1300. 

XXB 

- 3 ---. -- 
1.4 
1.4 . 

1900 • 
1900. 

760 . 
760. 

,_,, .. 
....... - - - 

250 , - 1 - - 1.9 6700 1500 100 - - 

XXFM I Twin-Diode Triode L Fig. 10 6.3 0.3 - - - Seee ellit tector 100. 0 - -- 1.2 85000 1000 85 - - XXFM 

100. - -- - 4. - - - - - 

• Cathode resistor-ohms. No base; tinned wire leads. 
'Both sections. 

'Diode plates (a.c. max. volts per plate). Section No. 2 recommended for h. . o. 
Max. d.c. output. Dry battery operation. Section No. 1. 

TABLE XI-MINIATURE RECEIVING TUBES 

Amplifier plate. 
Section No. 2. 

Same as X99. Type V99 is same, 
but socket connections are 4E. 

Type Name Base 
Socket 

Connec- 
tions ' 

RI' or Heater 

" 

Capacitance M d. 

Use 
Plate 
Supply 
Volts 

Grid 
Bias 

Screen 
Volta 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

Amp. 
Factor 
I 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 

Volts "Amp. In Out 
Plate- 
Grid 

1A3 H. F. Diode B. SAP i.4 0.15 
_ _ _ °Master 

F.M. Discrim. 
Max. e•.c. voltage per p ate-I17. Max. output current-0.5 ma. IA3 

134 R.F. Pentode Amplifier B. 6AR 1.4 0.05 3.6 7.5 .008 Class-A Amp. 93 a 91 2.0 4.5 350000 1025 - - - 1L4 

145 Penteepid Converter B. 7AT 1.4 3.05 --- - -- Converter 93 0 67.5 3.3 1.7 503000 300 Grid No. 1 100000 ohms IRS 

154 Pentagrid Power Amo. B. 7AV 1.4 J.I - - Class-A Amp. 90 - 7.0 57.5 1.4 7.4 103000 1 575 8000 0.270 154 

155 Diode Pentode B. 6ALI 1.4 0.05 
Class-A Amp. 67.3 0 57.5 0.4 1.6 600000 623 --- - --

155 
fl-Coupled Amo. 90 0 iJ Screen resistoe 3 meg., g id 10 meg. 1 meg. 0.050 

114 Triple-Grid Variable-µ B. 6AR 1.4 0.05 3.6 7.5 ).01 Class-A Amo. 93 0 45 0.65 2.0 8210000 730 - - - 134 

1U4 Pentode R.F. Amplifier D. 6AR 1.4 0.05 3.6 7.5 .008 Class-A Amp. 90 o 93 0.45 1.6 1500000 900 - --- - IU4 

1U5 Diode Pentode B. 6BW 1.4 0.05 - - - Class-A Amp. 67.5 0 67.5 0.4 1.6 600000 625 - - ---- lus 

2E30 Beam Power Tetrad.) B. 7C0 6.0 0.7 10 4.5 0.5 

Class-A, Single 250 450. 250 7.4 . 44 ' 63000 3700 40 , 4500 4.5 

2E30 Class-Al Amp.' 250 225. 250 14.8. 88. - - 80 , 9000 11 9 

Class-AB, Amp.' 250 -25 250 13.5. 80 . - - 48, 8000 6 12.5 

Class-A132 Amp.. 250 -30 250 20 2 120. - - 40 , 3800 ' 17 

3A4 Power Amplifier Pentode B. 71113 
1.4 
2.8 

0.2 
0.1 4.8 4.2 0.34 Class-At Amp. 

135 
150 

- 7.5 
- 8.4 

93 
90 

2.6 
2.2 

14.9. 
14.1 ' 

900[10 
100000 

1900 - 8000 
0.6 
0.7 

3A4  

3A5 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 - - 3A5  

" 304 Power Amplifier Pentode B. 7BA 
1.4 0.1 Parallel Filaments 

90 - 4.5 90 
2.1 9.5 100000 2150 

10000 
0.27 

304 
2.8 0.05 Series Filaments 

Class A Amp. 1.7 7.7 120000 2000 0.24 

354 Power Amplifier Pentode B. 7BA 
1.4 0.1 Para lei Filaments 

Class-A Amp. 90 -, 7.0 67.5 
1.4 7.4 

100000 
1575 

8000 
0.27 

354 
2.8 0.05 Series Filaments 1.1 6.1 1425 0.23 

3V4 Power Amplifier Pentode B. 6BX 
1.4 0.1 Para let Filaments Class-A Amo. 93 - 4.5 90 2.1 9.5 100000 2150 .-- 10000 0.27 

3V4 
2.8 0.05 Series Filaments Class-A Am,. 90 - 4.5 90 1.7 7.7 120000 2000 --- 10000 0.24 

6AG5 Pentode R.F. Amplifier B. 7BD 6.3 0.3 - - ---- Class-A Amp. 
250 
100 

230' 
100" 

150 
130 

2.0 
1.6 

7.0 
5.3 

800000 
300000 

5000 
1750 

- 
- 

- 
- 

RAG5 

6AJ5 U.h.f. Pentode B. 7PM 6.3 0.175 - 
R.F. Amplifier 28 200' 28 1.2 3.0 90000 2750 250 - - 

6AJ5 
Class-AB Amp. 180 - 7.5 75 - - - -- ---- 28030 1.0 

6AK5 H.F. Pentode B. 7BD 6.3 0.175 - - - R.F. Amplifier 

180 230' 120 2.4 7.7 690000 5100 3500 - - 
OAKS 150 330' 140 2.2 7.0 420000 4300 1800 - - 

120 200' 120 2.5 7.5 340000 5000 1700 ---• - 



TABLE XI- MINIATURE RECEIVING TUBES-Continued 

Type Name Base Connec-
Hone 

Fil. or Heater Capacitance Socket.;apfd. Plate 
Supply 
Volts 

Grid 
Bia  s 

Screen 
...Ks  
v 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductanee 

Micromhos 

Amp. 
Factor 
+ 

Load 
Resistance 
Ohms 

Power 
Output 

Watts 

Type 
Volts Amp. In Out Plate- 

Grid 
Use 

6AK6 Power Am ifier Pentode B. 78K 6.3 0.15 3.6 4.2 2.12 Class-A Amp. 180 - 9.0 180 2.5 15.0 200000 2300 -- 1030) 1.1 6AK6 
6ALS U.h.f. Twin Diode B. 6BT 6.3 0.3 -- -Detector Max. r.m.s. voltage- 150. Max. • . C. ou put current- 0 ma i LS 
6AN6 Twin Diode B. 7BJ 6.3 0.2 - - Detector R.m.s. voltage pis. pia e = 75 volts; d.c. output = 3.5 mo. with 25000 on as and 8 susf load; 

peak current per p ate = 10 ma.; peak inverse voltage = 210. 6AN6 

6A05 Beam Power Tetrode B. 78Z 6.3 9.45 7.6 
"5 lass-A ' Amp. 

180 - 8.5 180' 4.0 , 3 ) 5800u 2/00 29 5500 2.0 
-4-3- 6AQ5 

253 -12.5 KIIIIIIMallgraMMILLIM 4 ' 4 aJ00 
. 6A06 Duodiode Hi-mu Triode B. 7BT 6.3 0.15 1.7 1.5 1.80 Class-A Triode 250  

loo 
- 3.', 
- 1.0 
- - 
-- - 

1.0 
0.8 

5800li 1200 19 
-.. 

-  
- 6AQ6 61000 I Is° pcs 

6ARS Pentode Power Amp. B. 6CC 6.3 0.4 - -- - Class-Ai Amp. 
250 -18 250 5.5, 33, 68000 2300 .-- 7600 3.4 

6AR5 250 -16.5 250 5.5- 35- 65000 1400 7000 3.2 
6AS6 Sharp Cut-off Pentode B. 7CM 6.3 0.175 4.0 0.02 Class-A Amp. 120 - 2 3.5 5.5 .1211311.= - - 6A56 6AT6 Du lex Diode Triode B. 711T 6.3 0.3 2.3 1.1 2.10 Class-A Amp. 250 - 3 - - 1.0 58000 1200 70 - 6AT6 
6AU6 Pentode R.F. Am. B. 7BK 6.3 0.3 5.5 • .0035 Class-A Amp. 230 - 1 4.3 10.8 2000000 5200 -- - 6AU6 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 -- - 615A6 
6BD6 Pentode R.F. Amplifier B. 7CC 6.3 0.3 - - - Class-A Amp. 100 - 1 100 5 13 120000 2350 -- - 

6BD6 250 - 3 100 3.5 9 700000 2000 -- -- ---68E6 Pentagrid Converter B. 7CH 6.3 0.3 Osc. Grid 20000 if Converter 250 - 1.5 i 7.1 3.0 1000000 475 -- - 68E6 68F6 Duplex-Diode Triode B. 713T 6.3 0.3 1.8 1.1 2.0 Class-A1 Amp. 250 -9 - - 9.5 8500 1900 16 10000 - 68F6 
611.16 Pentode Remote-Cutoff B. 7CM 6.3 0.15 4.5 Ea .0035 Class AI Amp. 250 -1 100 3.3 9.2 1300000 3800 -- -- 615.16 6C4 Triode Amplifier B. 68G 6.3 0.15 1.8 ni 1.60 Class-A Amp. 250 - 8.5 - - 10.5 M itkia ei -- 6 4 
6J4 

U.h.f. Grounded-Grid 
R.F. Amplifier B. 7110 6.3 0.4 5.5 0.24 4.0 Grounded-Grid 150 200° - --- 15. 00 - 

6J4 Amp. 100 100'. -.-- - 10.0 
lad 

110J0 55 - 

6J6 Twin Triode B. 78F 6.3 0.45 2.2 0.4 1.6 lass-Al Amp. 
Mixer, Oscillator 

100 50• -- - 8.5 7100 5300 38 -- 6M 
6N4 U.h.f. Triode Amplifier B. 7CA 6.3 0.2 3.0 Eli 1.10 Class-A Amp. 180 - 3.5 --- -- 12.0 - 6000 32 - 6N4 
12AL5 Twin Diode B. 611T 12.6 0.15 2.5 - Detector R.m s. voltage per plate = 117; d.c. output = 9 ma. per plate; peak ma. 

per plate = 54; peak inverse voltage = 330. 12ALS 
- 

12AT6 Duplex Diode Triode B. 781 12.6 0.15 2.3 1.1 2.10 Class-A Amp. 250 - 3.0 ---. - 1.0 58000 1200 70 -- - 12AT6 12AU6 Sharp Cut-off Pentode B. 7CC 12.6 0.15 5.5 5.0 .0035 Class-Ai Amp. 250 - 1.0 150 4.3 10.8 1 meg. 5200 -- -- - 12AU6 
12AU7 Twin-Triode Amplifier B. 9A 6.3 0.3 1.67 0.57 1.57  Class--A,Ai Amp. 250 - 8.5 - - 10.5 7700 2200 17 -- - 12AU7 

12.6 0.15 1.6 0.35, 1.5, 
12AW7 Sharp Cut-off Pentode B. 7CM 12.6 0.15 6.5 En 0.025 Class Ai Amp. 250 200• 150 2.0 7.0 0.8 Mg. 5030 --- - 12AW7 128116 Remote Cut-off Pentode B. 7CC 12.6 0.15 5.5 5.0 .0035 Class-A Amp. 250 68° 100 4.2 11.0 1500000 4400 - - 128A6 12BD6 Pentode Amplifier D. 7CC 12.6 0.15 4.3 ECII .004 Class-A Amp. 250 - 3 100 3.5 9.0 700000 2000 - --- 1211196 128E6 Pentagrid Converter B. 7CM 12.6 0.15 Ose. Grid 20000 U Converter 250 - 1.5 100 7.1 3.0 100000.; 475 - - 128E6 12BF6 Duodiode Triode B. Fig. 37 12.6 0.15 1.8 1.1 2.00 Class-A Amp. 250 - 9 -- -- 9.5 8500 1900 16 --- 1213F6 26A6 Remote cut-off Pentode B. 7BK 26.5 0.07 6.0 Ea .0035 Class-Ai Amp. 250 125* 100 4 10.5 1000000 4000 -- -- 26A6 26C6 Duplex-Diode Triode B. 787 26.5 0.07 1.8 Ku 2 Class-Ai Amp. 250 - 9 - - 9.5 8500 1900 16 -. 26C6 26D6 Pentagrid Converter B. 7CM 26.5 0.07 Ose. Grid 20000 U Converter 250 - 1.5 100 7.8 3.0 1000000 475 - - 2606 3585  Beam Power Amplifier 8. 7BZ 35 0.15 11 gm 0.4 Class-Al Amp. 110 - 7.5 110 7, 41 , 5800 i i . 35135 50E35 Beam Power Amplifier ES. 7BI 50.0 0.15 13 6.5 0.50 Class-A Amp. 110 - 7.5 110 4.0 4. r . 0 Oi i . 5085 
9001B. 

Triple-Grid Detectorp-rr, 
T im;i 

Amplifier 7PM 6.3 0.15 3.6 3.0 0.01 Class-A Amp. 250 - 3.0 100 Oi 2.0 1 meg. -I- 

e 

- 
9001 Mixer 250 - 5.0 Osc. peak voltage 4 volts 550 - - 

9002 Triode Detector, 
Amplifier, Oscillator B. 7TM 6.3 0.15 L2 1.1 1.40 Class-A Amp. 250 - 7.0 - -_ 6.3 11400 2200 25 - 

9002 90 - 2.5 - - 2.5 14700 1700 25 -- 

9003 Triple-Grid Variable-ss 
R.F. Amplifier 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 - - 
9003 Mixer 250 -10.0 100 Ose, peak voltage 9 volts 600 - 

9006  U.h.f. Diode 

- _ . .-  

D. 6DH 6.3 0.15 -.-. - - Detector Max. a.c. voltage-270. Max. d.c. output current-5 ma 9006 
er Plate. e resistor-ohms. 
Maximum-s gnal current for full-power output. 

, Values are for two tubes in push-pull. 
, Also no-signal plate ma. when so indicated. 

, No-signal plate ma. 7 Triode No. 1. 
Effective plate-to-plate. , Triode No 2. 



TABLE XII- CONTROL AND REGULATOR TUBES 

Type Nains Base 
Socket 
Connec- 
Hens 

Cathode 
Fil. or Heater 

Use 
Peak 
Anode 
Voltage 

Max. 
Anode 
Ma. 

Minimum 
Supply 
Voltage 

Operating 
Voltage 

Operating 
Ma. 

Grid 
Resistor 

Tube 
Voltage 
Drop 

Type 

Volts Amp. 

0A2 Voltage Regulator 7-pin B. MO Cold - - Voltage Regulator -• -- 185 150 S-30 - - 0A2 

082 Voltage Regulator 7-pin B. SRO Cold - - Voltage Regulator -- - 133 108 5-40 .-- - 082 

0A4G 
Gas Triode 
Starter- Anode Type 6-pin 0. 4V Cold - - Cold-Cathode Starter-Anode 

Relay Tube 
With 105420-volt a.c. anode supply, peak s orter-anode c.c. voltage 

peak r.f. voltage 55. Peak d.c. ma = 100. Average d.c. mo =25 
s 70, 0A4G 

1647 Voltage Regulator 7-pin B. - - - - Voltage Regulator - - 225 82 1-2 - - 1847 

ici 
Gas Triode 6-pin 0. Glow-Discharge Type 

4V Cold - - 
Relay Tube 

125-145 
25 66 , 

,••••.= .---- 
73 IC21 

Voltage Regulator 0.1 , 180 4 55 

2AAG Gas Triode Grid Type 7-pin O. 5S Fil. 2.5 2.3 Control Tube 230 103 - - - --. 15 2A4G 

234 

605G 
Gas Triode Grid Type 

8-pin O. 60 Ht,. 6.3 0.6 
Sweep Circuit Oscillator 300 300 - - 1.0 0.1-107 19 

284 

6QSG 5-pin M. SA Ht,. 2.5 1.4 

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 Ht,. 6.3 0.6 
Grid-Controlled Rectifier 650 500 -- 650 100 0.1-10 1 8 

2021 
Relay Tube 400 - - - - 1.0 , - 

3C23 
Gas and Mercury Vapor 

Grid Type 
4-pin M. 3G Fil. 2.5 7.0 Grid-Controlled Rectifier 1000 6000 

- 500 1500 -4.5 5 15 
3C23 

- 100 1500 -2.5 e 15 

604 Gas Triode 7 • n B. SAY Ht,. 6.3 0.25 Control Tube . Plate volts = 350; Grid volts = - 50; Avg. Mo. = 25; Peak Ma. = 100; Voltage drop = 16. 6D4 

17 Mercury Vapor Triode 4-pin M. 3G Fil. 2.3 5.0 Grid-Controlled Rectifier 
7500 • moo - - SOO 200-3000 - 

17 
2500 -5 • 1330 250 - 10-24 

874 Volta e R ulator 4-pin M. 45 - - - Voltage Regulator - - 125 90 10-30 - -- 874 

876 Current R ulator Mo • ul - - - - Current Regulator - - - 40-60 1.7 - 876 

884 Gas Triode Grid Type 6-pin 0. 60 litr. 6.3 0.6 
Sweep Circuit Oscillator 300 300 - 2 25000 

884 
Grid-Controlled Rectifier 350 300 - - 75 25000 

883 Gas Triode Grid Type 5-pin S. SA Htr. 2.5 1.4 Same as Type 884 Characteristics same as Type 884 885 

06 Current Regulator Mogul - - - - Current Regulator - - - 4)-60 2.03 - 886 

967 Mercury Vapor Triode 4-pin M. 3G Fil. 2.3 5.0 Grid-Controlled Rectifier 2500 500 -S • - - - 10-24 96 

991 Volta re R victor Bayonet - - - - Voltage Regulator - - 87 55-60 2.0 -- 991 

1265 Volta • e Regulator 6-pin O. - - - - Voltage Regulator - - 130 90 5-30 --- 1265 

1266 Voltage Regulator 6-pin 0. 4AJ Cold - - Voltage Regulator - - - 70 5-40 1266 

1267 Gas Triode 6-pin 0. 4V Cold --- - Relay Tube Characteristics same as 0A4G 126 

2030 Gas Tetrode 8-pin O. 8BA Hlr. 6.3 0.6 Grid-Controlled Rectifier 650 500 - - 100 0.1-10 , 8 20 • 

2051 Gas Tetrode 0-pin O. 88A Htr. 6.3 0.6 Grid-Controlled Rectifier 350 375 - 75 0.1-10 f 14 2• 

25231" 1 Gas Triode Grid Type 5-pin M. SA Hfr. 2.5 1.75 Relay Tube 400 300 - 1.0 300 1 13 
2 " 
128AS 

KY21 Gas Triode Grid T 4-pin M. -  Fil. 2.5 10.0 Grid-Controlled Rectifier - - - 3000 500 - - KY2I 

R161 Tb n - • - Fit. 1.4 0.05 Radio-Controlled Relay 45 1.5 30 - 0.5-1.5 37 30 RK6I 

ItK62 Gas Triode Grid Type 4-pin S. 4D Fil. 1.4 0.05 Relay Tube 45 1.5 - 33-45 0.1-1.5 15 RK62 

1M2011 Pennatron 4-pin M. -  Fil. 2.5 5.0 Controlled Rectifier , 7500 2 1000 - - - 15 RM208 

8.34209 Pennatron 4-pin M. -  Fil. 5.0 10.0 Controlled Rectifier , 7500 1 5000 - - --. 15 RM209 

0A3 175 Voltage Regulator 6-pin O. 4AJ Cold --- Voltage Regulator 105 75 5-40 

-0113/VR90 Voltage Regulator 6-pin O. 4AJ Cold - - Voltage Regulator - --• 125 93 5-43 ---- - 083/V190 
0C3/VR103 

0C3/1/1105 Voltage Regulator 6-pin O. 4AJ Cold - --- Voltage Regulator -- - 135 105 3-40 - 

01:13/VR130 

-11'0166 

Voltage Regulator 6-pin O. 4AJ Cold - - Voltage Regulator - - 185 150 5-40 • . • • 4.• 

Mercury Vapor Triode 4-pin M. Fig. 8 Fil. 2.3 5.0 Grid-Controlled Rectifier 10000 1000 0-150 - --

1E0r use as grid-controlled rectifier or with ex ernol magnetic When under control peak inverse rating is reduced to 2500. 
control. RM-208 has characterislics of 866. RM-209 of 872. 3 At 1033 anode volts. 

Grid tied to plate. r. Grid. Grid voltage. 
• Peak inverse voltage. Megohms. No base. Tinned wire leads. 



TABLE XIII - CATHODE-KAY TUBES AND KINESCOPES 

TYPe Name 
Socket 
Conner- 

flees 

Heater 
Use Size 

Anode 
No. 2 

Voltage 

Anode 
No. 1 

Voltage 

Cut-Off 
Grid 

Voltage 

Grid 
No. 2 

Voltage 

Signal- 
Swing 

Voltage 

Max. 
Input 

Voltage , 

Screen 
Input 

Power 2 

Deflection 
Sens tivity 3 de 

AN ono. 3 
Voltage 

Pattern 
Color TYPe Volts Amp. Di D, 

1:13 E33 

2AF 17 Electrostatic Cathode-Ray 11B 6.3 0.6 Oscillograph 
Television 

2, 1000 250 - 60 
660 

0.11 0.13 
Green 2AP1 500 125 - 30 0.22 0.26 

2BP 1- 
11 Ele Electrostatic Cathode-Ray 12E 6.3 0.6 Oscillograph 2"  2000 300/560 -135 - - 500 - 2703 1743 --- 

Green 28P1- 
11 1000 150/280 -67.5 SOO - 135 3 87' 

3AF I/ 
906-P1- 
4-5-11 7 

Electrostatic Cathode-Ray 7AN 2.5 2.1 Oscillogroph 3" 

1530 430 - 50 - 

550 10 
0.22 0.23 Green 

Blue 
White 

3AP1/ 
906-P1-
4-5-11 

1000 285 - 33 - - 0.33 0.33 
600 170 - 20 0.55 0.58 

3BP1- 
4-11 El ectrostatic Cathode-Ray 14A 6.3 0.6 Oscillograph 3" 

2000 575 - 60 
550 

0.13 0.17 
Green 3BP1- 

4-11 1500 430 - 45 - 0.17 0.23 

31N31 Electrostatic Cathode-Ray Fig. 49 6.3 0.6 Oscillogroph 3" 
2000 575 - 60 - 

550 
200 3 148' 

- 
- 

Green 3DP1 1503 430 - 40 - 150 3 111 3 
3EP1/ 
1806-P1 

Electrostatic Cathode-Ray 11A 6.3 0.6 Oscillograph 
Television 

3„ 2000 575 - 60 - - 
550 

0.115 0.154 
Green 3EP1 / 

1806-P1 1500 430 - 45 - -- 0.153 0.205 
3GPI. 
4-5-11  

Electrostatic Cathode-Ray 11A 6.3 0.6 Oscillogroph 3" 
1500 350 - 50 - - 

550 
- 

- 
0.21 0.24 White 

Green 
Blue 

3GP1- 
4-5-11 1000 234 - 33 - - 0.32 0.36 

VP' - 
2-4-7-11 

Electrostatic Cathode-Ray 148 6.3 0.6 Oscillograph 3" 
2000 575 - 60 ---. 

- 

- 

- 
550 

- 
- 

0.13 0.17 4 000 Green 
Blue 
whit., 

3JP1- 

2-4-7-11 1500 430 - 45 0.17 0.23 3000 

3KPI Electrostatic Cathode-Ray 11 M 6.3 0.6 Oscillegraph 3" 
1000 300 - 45 1000 - 

500 
683 1363 

Green 3KP1 2000 600 - 90 2000 - 52' 104 3 
SAE 1/ 
1805-P1 
5AF4 / 
I805-P4 7 

Electrostatic Picture Tube 11A 6.3 0.6 Oscillograph 
Television 

5, 2000 575 - 35 

. 
- 500 10 

0.17 0.21 - 

- 

Green 
"White§ 

SAPI/ 
1805411 
SAP4/ 
1805-P4 

1500 430 - 27 0.23 0.28 

58131/ 
1802-P1- 
24-5-11 

Electrostatic Picture Tube 11A 6.3 0.6 Oscillograph 5" 
2000 450 - 40 - - 

500 10 
0.3 0.33 Green 

White 
Blue 

58P1 / 
1802-M-
2-4-5-11 1500 337 - 30 -1.- - 0.4 0.45 

5CP1-
2-4-5-11 

Electrostatic Cathode-Ray 14B 6.3 0.6 Gerilleereeh Television 5" 

2000 575 - 60 - 

-- 

- 

- 
- 

- 

550 
- 

- 

- 

0.28 0.32 4000 White 
Green 
Blue 

5CP1-
2-4-5-11 

1500 430 - 45 0.37 0.43 3000 
2000 575 - 60 0.36 0.41 2000 

5FP1- 
2-4-11 7 

Electromagnetic Cathode-Ray SAN 6.3 0.6 Oscillograph 
Television 

5, 70°0 250 - 45 

- 

- 

- 
- 

- 

- 

- 

- 

.--.... 

- -..... - Blue 52E4P.11-1 
4000 250 - 45 

sHr 1 
5HP47 

Electrostatic Cathode-Ray 11A 6.3 0.6 Oscillograph 5" 
2000 425 - 40 

- 500 
0.3 0.33 ---. 

- 
Green 
White 

SHP' 
5HP4 1500 310 - 30 0.4 0.44 

5JP1. 
2-4.5-11 

Electrostatic Cathode-Ray 11 E 6.3 0.6 Oscillograph 5 
2000 520 - 73 - - 

500 
- 0.25 0.28 4000 White 

Green 
Blue 

5 Jpi_ 

2-4-5-11 1500 390 - 56 - --- - 0.33 0.37 3000 

51.P1 - 
2-4-5-11 

Electrostatic Cathode-Ray 11F 6.3 
.0.6 °Iritinam eh Television 5- 

2000 500 - 60 - 

- 

- 

- 

- 

- 

500 
- 0.25 0.28 4000 White 

Green 
Blue 

UPI-
2-4-5-11 

1500 375 - 45 - 0.33 0.37 3000 
1000 250 - 30 - 0.49 0.56 2000 

soul. 
4-5-11 

Electrostatic Cathode-Ray 7AN 2.5 2.1 Oscillograph 5" 
1500 375 - 50 -- 

- 

- 

- 
660 

- 

- 

0.39 0.42 White 
Green 
Blue 

5MP1- 
4-5-11 1000 250 - 33 0.58 0.64 

5RP1- 
2-4-11 Electrostatic Cathode-Ray 14F 6.3 

i 
0.6 Oscillograph 5" 

3000 - - 90 - 

- 

- 

- 
1200 

- 

-- 

0.12 0.12 15000 Green 
White 
Blue 2-4-11 2000 575 - 60 0.18 0.18 10000 

5TP4 Protoction Kinescope Fig. 46 6.3 0.6 Television 5" 27000 4900 - 70 203 White 5TP4 



TABLE XIII -CATHODE-R AY TUBES AND KINESCOPES - Continued 

Fleeter 

Use Size 

Anode 

No. 2 

Voltage 

Anode 

No. 1 

Voltage 

Cut-Off 

Grid 

Voltage 

Grid 

No. 2 

Voltage 

Signal- 

Swing 

Voltage 

Max. 

Input 

Screen 

Input 

sDeflectionensitivity s 
Anode 
No. 3 

paisevn 
TYP9 

TYPE, Name 
Socket 
Connec 

tiens Voltage, Power , D, Ds DS DS Voltage 
Color 

Volts Amp. 

5UP1. 
7-11 7 . 11 

Cathode-Ray 12E 6.3 0.6 Oscillograph 5" 

2500 640 - 90 - - 500 - 39-53 773 - Green 
503 -»-- 28 3 56 3 - Yet- SUP)-2300 340 - 90 - -- 

1000 320 - 45 - -- 500 --- 31 3 Eg 3 ...... low 
Blue 

7-11 

1000 170 - 45 - - 503 - 23 3 46 3 - 

77.P Electroma.netic Picture Tube ECEINEDIEN Television EMI 3500 1330 -67.5 --. - - 2.5 - - CM White 7AP4 

White 
Green 
Blue 

7BP1- 
2-4-11 7BP1- 

2-4-11 
Electromagnetic Cathode-Ray 5AN 6 .3 0.6 

Oscillograph 
Television 

7., 
7003 250 - 45 - 

- 

- 

-- 4000 250 - 45 

- -- 
- - 
- - Green 

7CP1 / 
1811-P1 7CP1 / 

1811-P1 
Electromagnetic Cathode-Ray 6AZ 6.3 0.6 Oscillograph 7" 

7000 1470 - 45 250 - 

- 840 - 45 250 
--- - -- -- --- White 7DP4 r 

7DP4 Kinesco • Fig. 46 6.3 0.6 Television 7" 6000 1430 - 45 250 - 

;s7GP4 Electrostatic Ki ccccc oe Fig. 47 6.3 0.6 Television 7" 3000 1200 - 84 3000 - - --- 123 3 102 3 White 7GP4 

9AP4/ 1804-P4 
Electromagnetic Picture Tube 6AL 2.5 2.1 Television 9" 

7000 1425 - 40 
1804 P4 

6000 1225 - 38 

9CP4 Electromagnetic Picture Tube 4AF 2.5 2.1 Television 9" 7030 - -110 10 - - --- White 9CP4 

" 1/ 
1809-P1 

Electrostatic-Magnetic Cathode-Ray 8BR 2.5 2.1 Oscillograph 9" 
5000 Ma:. - 93 - 

0.136 --- 
- Green 9JP1/ 

3000 --- 
0.272 - 1809-P1 2500 

785 - 45 

10BP4 Magnetic Kinescope Fig. 48 6.3 0.6 Television 1'3" -- 9000 - 45 253 108134 • 

12AP4/ 
1803-P4 

Electromagnetic Picture Tube 6AL 2.5 2.1 Television 12" 
7000 144s0 

75 250 25 - 10 _ _ - White 
12AP4/ 
1803-P4 

6300 1240 

12CP4 Electromagnetic Picture Tube 4AF 2.5 2.1 Television 12" 7000 -- -113 White 12CP4 

120134 Electromagnetic Cathode-Ray 5AN 6.3 0.6 Television 12" 
7000 Inàfflli - 45 --- 

-- 

- 

-- 

- 

-- 

---- 

- 

- 

- 

- 

-- 

---

--
White 12E114 

4000 BEM - 45 

90, 3 Electrostatic Cathodo-Ray Fig. 1 6.3 0.6 Oscillograph 2" 633 - 63 --- -- 353 5 9.19 0.22 --- Green 902 

13 Green 

Ir 

903 

904 903 5 Electromagnetic Cathode-Ray 6AL 2.5 • 2.1 Oscillograph 9" 7030 1353 -123 

Electrostatic-Magnetic Cathode-Ray Fig. 3 2.3 2.1 Oscillagraph 5 ' 4500 
73 - 75 2 f 2 )13 a 0'39 roan 

904 

9051 Electrostatic Cathode-Ray Fig. 6 2.5 2.1 Oscillograph 5" 2000 - 35 10 0.23 - Green 905 

907 Eledrostatic Cathode-Ray Fig. 6 2.3 2.1 Oscillograoh 5 Characteristics same as Type 905 - - - Blue 907 

90F - Electrostatic Cathode-Ray 7AN 2.5 2.1 Oscillagraph 3" Characteristics sage as Type 3AP1/936P1 
- - - •Blue 908 

430 - 50 -- 533 -- 0.223 0.233 - 
Blue 908-A 

90S-A Electrostatic Cathode-Ray 7C3 2.5 2.1 Osciliograph 
3" 

1500 

1000 287 - 33 -- 500 - 0.334 0.348 - 

Characteristics some as Type 905 
- - -- Blue 909 

90S 3 %driest:Mc Cathode-Ray Fig. 6 2.5 2.1 Oscillograph 5" 

91^ , Electrostatic Cathode-Ray 7AN 2.5 2.1 Oscillograph 3" Characteristics some as Type 3AP1 9O6P1 
-..-- -.-- - Blue 910 

911 3 Electrostatic Cathode-Ray 7API 2.5 Kil Oscillograph IIIMI - - - Green 911 

000 - 66 IMO - 
e 

112 

913 912 Electrostatic Cathode-Roy Fig. 8 2.5 2.1 Oscillegraph 10000 

913 Electrostatic Cathode-Ray Fig. 1 6.3 0.6 Oscillograph 1 

MI 
530 100 - 63 -- -  5 • . 

Illi&MERIMIMAIM -- BUM • Mi'Manhaal ---•-• UM. 914 
914' Electrostatic Cathode-Ray Fig. 12 2.5 EIN Osc ograp • .44 

IILLUMIIMÉMIIIIMMIMILMIlleliMalliMalfflemiumm • esv 800  
1801 18103 Electromagnetic Kinescope IMIIIIMMUla • e' 

1801' Electromagnetic Kinescope Fig. 13 2.5 2.1 Television 5 3930450 - 35 

• 2001 Electrostatic Cathode-Ray Fig. 2 6.3 0.6 Characteristics essentiall same as 913 2001 

2002 
2002 Electrostatic Cathode-Ray Fig. 1 6.3 0.6 

i. -- Green 

1003 - 33 2.1) -- alag. 10 0.5 0.56 - - 2005 
2005 Electrostatic Cathode-Ray IMILEInal Television KM 2000 

120 - 63 ---, -- - - 13 0.14 0.16 -- Blue 24-XH 
24-XH Electrostatic Cathode-Ray Fist. 1 6.3 0.6 Oscilloscope 2 600 

Between Anode No. 2 and any deflecting plate. 
'In mw/sq. cm., max. 

3D.c. Vo Is/in. 
4Calhoda connected to Pin 7. 

Discontinued. 
«In mm. /voit d.c. 

iiSupierseded by same type with lettet " A." 



TABLE XIV - RECTIFIERS- RECEIVING AND TRANSMITTING 

See also Table X I- Control and Regulator Tubes 

TYP4, 
No. Name Base 

Socket 
Connec- 
lions 

Cathode 

Fil. or Heater Max. 
A.C. 

D.C. 
Output 

Max. 

Inerse v 

Peak 
Plate 

Type 
Volts Amp. 

Voltage 
Per Plate 

Current 
Ma. 

Peak 
Voltage 

Current 
Ma. 

BA Full-Wave Rectifier 4-pin M. 4J Cold - ---. 350 350 Tube drop 80 v. 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 61 v. G 
CE-220 Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 3.0 - 20 233,0 130 li V 

0Y4 Half-Wave Rectifier 5-pin O. 4BU Cold Co7 Pi nec nt Pins 
and 8 95 75 33) 530 G 

OZ4 Full-Wave Rectifier 5-pin O. 4R Cold - - 350 30-75 1253 200 G 
1 Half-Wave Rectifier 4-pin S. 4G !Br. 6.3 0.3 350 50 1 / 1 ) 400 MV 
1-V Half-Wave Rectifier 4-pin S. 4G Hfr. 6.3 0.3 350 50 -- ---. HV 
1B3GT/8018 Half-Wave Rectifier 6-pin O. 3C Fn. 1.25 0.2 - 2.0 4031 17 HV 
1848 Half-Wave Rectifier 7-pin B. ---• Cold - -.-- 800 6 2700 50 G 
1Z2 Half-Wave Rectifier 7-pin B. 7CB Fil. 1.3 0.3 7800 2 20000 10 HV 
2825 Half-Wave Rectifier 7-pin B. 31 Fil. 1.4 0.11 1000 1.5 - 9 HV 
2V30 Half-Wave Rectifier 6-pin O. 4AC Fil. 2.5 5.0 - 2.0 16500 12 HV 
2W3 Half-Wave Rectifier 5-pin O. 4X Fil. 2.5 1.5 350 55 --- IIV 
2X2/879 Half-Wave Rectifier 4-pin S. 4AB Ht. 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 8. vibration HV 
2Y2 Half-Wave Rectifier 4-pin M. 4AB Fil. 2.5 1.75 4400 5.0 - - IIV 
2Z2/G84 Half-Wave Rectifier 4-pin M. 48 Fil. 2.5 1.5 350 50 - - HV 

3B24 Half-Wave Rectifier 4-pin M. T-4A Fil. 5.0 
2.5 , 

3.0 
3.0 

--. 
--• 

60 
30 

20000 
20000 

300 
151 HV 

3825 Holf-Wave Rectifier 4-pin M. 4P Fil. 2.5 5.0 -- 500 4500 2.)35 G 
3826 Half-Wave Rectifier 8-pin O. Fig. 31 Htr. 2.5 4.75 - 20 15000 9)11 HV 
DR-3827 Half-Wave Rectifier 4-pin M. 46 Fil, 2.5 5.0 3000 250 8500 1000 FIV 

5R4GY Full-Wave Rectifier 5-pin O. ST Fil. 5.0 2.0 900 4 
950 7 

150 4 
175 7 2800 650 FIV 

314 Full-Wave Rectifier 5-pin 0. ST Fil. 5.0 3.0 430 253 1250 831 HV 
5U4G Full-Wave Rectifier 8-pin 0. ST Fil. 5.0 3.0 Same as Type SZ3 IIV 
5V4G Full-Wave Rectifier 8-pin O. SL Htr. 5.0 2.0 San" as Type 83V HV 
SW4 Full-Wove Rectifier 5-pin O. ST FII. 5.0 1.5 350 110 1000 - FIV 
SX3 Full-Wave Rectifier 4-pin M. 4C Fil. 5.0 2.0 1275 30 - -- HV 
5X4G Full-Wove Rectifier 8-pin O. SQ Fil. 5.0 3.0 Same as SZ3 HV 
SY3G Full-Wave Rectifier 5-pin O. ST Fil. 5.0 2.0 Same os Type 80 HV 
5YOG Full-Wave Rectifier 8-pin 0. 50 Fil. 5.0 2.0 Same as Type 80 KV 
SZ3 Full-Wave Rectifier 4-pin M. 4C Fil. 3.0 3.0 500 250 1400 ---. HV 
574 Full-Wave Rectifier 5-pin O. SL Htr. 5.0 2.0 400 125 1100 -- KV 
6W5G Full-Wave Rectifier 6-pin O. 65 Htr. 6.3 0.9 350 100 1250 351 FIV 
6X4 Full-Wave Rectifier 7-pin B. 7CF Htr. 6.3 0.6 325 70 1250 210 HV 
6X5 Full-Wave Rectifier 6-pin O. 65 iltr. 6.3 0.5 350 75 - - IIV 
6Y5 Full-Wave Rectifier 6-pin S. 6J Htr. 6.3 0.8 350 SO - -- 14V 
6Z3 Half-Wave Rectifier 4-pin M. 4G Fil. 6.3 0.3 350 50 - - FIV 
6Z5 Full-Wave Rectifier 6-nin S. 6K Htr. 6.3 0.6 230 60 - --- FIV 
6ZYSG Full-Wave Rectifier 6-pin O. 65 Htr, 6.3 0.3 350 35 1000 153 FIV 
7Y4 Full-Wave Rectifier 8-pin L. SAB Htr. 6.3 0.5 350 60 --- ---- FM 

7Z4 Full-Wave Rectifier 8-pin L. SAB Htr. 6.3 0.9 450 4 
325 2 100 1250 300 FIV 

12A7 Rectifier-Pentode 7-pin S. 7K Hlr. 12.6 0.3 125 30 -.- - IIV 
12Z3 Half-Wave Rectifier 4-pin S. 4G Htr. 12.6 0.3 250 60 - - FIV 
12Z5 Voltage Doubler 7-pin M. 7L Hit. 12.6 0.3 225 60 - -- HV 

14Y4 Full-Wave Rectifier 8-pin L. SAB Htr. 12.6 0.3 450 I 
325 2 70 1250 210 IIV 

14Z3 Half-Wave Rectifier 4-pin S. 4G HIr. 12.6 0.3 250 60 -- ---- FIV 
25A7G Rectifier-Pentode 8-pin 0. 8F Htr. 25 0.3 125 75 --.- - FIV 
25X6GT Voltage Doubler 7-pin 0. 70 Hic. 25 0.15 125 60 - --• IIV 
25Y4GT Half-Wave Rectifier 6-pin O. SAA His. 25 0.15 125 75 - -- IIV 
2515 Voltage Doubler 6-pin S. 6E Mr. 25 0.3 250 85 - - FIV 
25Z3 Half-Wave Rectifier 4-pin S. 4G Htr. 25 0.3 250 50 --- - HV 
25Z4 Half-Wave Rectifier 6-pin O. SAA Htr. 25 0.3 125 125 -..- - HV 
25Z5 Rectifier-Doubler 6-pin S. 6E Kir. 25 0.3 125 100 -- 500 IIV 
25Z6 Rectifier-Doubler 7-pin 0. 70 Fib. 25 0.3 125 100 - 530 'IV 

28Z5 Full-Wave Rectifier 8-pin L SAB Hit. 28 0.24 450 7 
3254 100 -.- 300 FIV 

32L7GT Rectifier-Tetrode 8-pin 0. 8Z Ht,. 32.5 0.3 125 60 ---. - FIV 
35W4 Half-Wave Rectifier 7-pin B. 580 Mr. 35 2 0.15 125 100 , 330 600 FIV 

35Y4 Half-Wave Rectifier 8-pin 0. SAL Htr, 35 , 0.15 235 60 
is 700 600 FIV 

35Z3 Half-Wave Rectifier 8-pin L 4Z Htr. 35 0.15 250 , 100 700 600 HV 
35Z4GT Half-Wave Rectifier 6-pin 0. SAA Htr. 35 0.15 250 100 700 600 HV 

35Z5G Half-Wave Rectifier 6-pin O. 6AD Htr. 35 7 0.15 125 60 
100 , «''' ""«.«. Hy 

35160 Voltage Doubler 6-pin O. 7Q Htr. 35 0.3 125 110 500 NV 

590 



TABLE XIV - RECTIFIERS- RECEIVING AND TRANSMITTING- Continued 

See also Table XII - Control and Regulator Tubes 

TvP0 
No. Name Base 

Socket 
Cennec- 
Nona 

Cathode 

Fil or Heater Max. 
A.C. 

Voltage 
Per Plate 

D.C. 
Output 
Current 
Ma. 

Max. 
Inverse 
Peak 

Voltage 

Peak 
Plate 

Current 
Ma. 

1....'I".'.. 

Volts Amp- 

40Z5GT Half-Wave Rectifier 6-pin O. 6AD Mfr. 40 , 0.13 125 
60 

100 , ..." -"" 
NV 

45Z3 Half-Wave Rectifier 7-pin B. SAM Ht,. 43 0.075 117 65 350 390 HV 

452501 Half-Wave Rectifier 6-pin O. 6AD HI,. 45 9 0.15 125 60 
100 a -.•-• HV 

50X6 Voltage Doubler 8-pin L. 7AJ Ht,. SO 0.15 117 75 700 450 HV 

5016GT Full-Wave Rectifier 7-pin O. 7Q Hfr. 50 0.15 125 85 --. HV 

50Z60 Voltage Doubler 7-pin 0. 70 Ht,. 50 0.3 125 150 - - NV 

SOZ70 Voltage Doubler 8-pin O. SAN HI,. 50 0.15 117 65 -..- - HV 

70A7GT Rectifier-Tetrode 8-pin O. 8AB Ht,. 70 0.15 125 , 60 - -• HV 

701.701 Rectifier-Tetrorie 8-pin O. 8AA Mr. 70 0.15 117 70 -.. 350 HV 

72 Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 3.0 - 30 20000 150 HV 

73 Half-Wave Rectifier 8-pin O. 4Y Fil. 2.5 4.5 -.- 20 13000 3000 HV 

80 Full-Wave Rectifier 4-pin M. 4C Fil. 5.0 2.0 
350 , 
500 I 

125 
125 

1400 375 HV 

Cl Half-Wave Rectifier 4-pin M. 48 Fil. 7.5 1.25 700 85 - HV 

82 Full-Wave Rectifier 4-pin M. 4C Fil. 2.3 3.0 500 123 1400 400 MV 

83 Full-Wave Rectifier 4-pin M. 4C Fil. 5.0 3.0 500 250 1400 800 MV 

83-V Full-Wave Rectifier 4-pin M. 4AD Mr. 5.0 2.0 400 200 1100 --• HV 

84/6Z4 Full-Wave Rectifier 5-pin S. SD Htr. 6.3 0.5 350 60 1000 HV 

117L7GT/ 
117M7G1 Rectifier. e-- T trode  8-pin O. 8A0 HI,. 117 0.09 117 75 -•-• -- HV 

117N7GT Rectifier-Tetrode 8-pin O. 8AV HI,. 117 0.09 117 7$ 330 450 HV 

117P701 Rectifier-Tetrode 8-pin 0. 8AV Htr. 117 0.09 117 75 350 450 NV 

117Z3 Half-Wave Rectifier 7-pin B. 4BR HI,. 117 0.04 117 90 330 --. HV 

117Z4GT Half-Wave Rectifier 6-pin O. 5AA HI,. 117 0.04 117 90 350 - HV 

117Z6G1 Voltage Doubler 7-pin 0. 70 Ht,. 117 0.075 235 60 700 360 NV 

217-A Half-Wave Rectifier 4-pin J. T-3A Fil. 10 3.25 - --- 3500 600 HV 

217-C Half-Wove Rectifier 4-pin J. T-3A Fil. 10 3.25 - - 7500 600 KV 

Z225 Half-Wave 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. 2.5 7.5 3180 375 10000 1500 MV 

HK253 Half-Wave Rectifier 4-pin J. T-3A Fil. 5.0 10 ---- 350 10000 1500 HV 

705A 
RK-705A 

Half-Wave Rectifier 4-pin W. T-3AA Fil. 
2.5 9 
5.0 

5.0 
5.0 

- 
- 

50 
100 

35000 
35000 

373 
750 

NV 

816 Half-Wave Rectifier 4-pin S. 4P Fil. 2.5 2.0 1750 123 5000 500 MV 

836 Half-Wave Rectifier 4-pin M. 4P Htr. 2.5 5.0 - --• 5000 1000 HV 

866A/866 Halt-Wave Rectifier 4-pin M. 4P Fil. 2.5 5.0 3500 250 10000 1000 MV 

866B Half-Wave Rectifier 4-pin M. 4P Fil. 5.0 5.0 - - 8500 1000 MV 

866 Jr. Half-Wave Rectifier 4-pin M. 4B Fil. 2.5 2.5 1250 250 9 MV 

HY866 Jr. Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 2.5 1750 250 , 5000 - MV 

RK866 Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 5.0 3500 250 10000 1000 MV 

871 1, Half-Wave Rectifier 4-pin M. 4P F11. 2.5 2.0 1750 250 5000 500 MV 

878 Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 5.0 7100 5 20000 -. NV 

879 Half-Wave Rectifier 4-pin S. 4P Fil. 2.5 1.75 2650 7.5 7500 100 HV 

872A/872 Half-Wave Rectifier 4-pin J. T-3A Fil. 5.0 7.5 - 1250 10000 5000 MV 

975A Half-Wave Rectifier 4-pin J. T-3A Fil. 5.0 10.0 - 1500 15000 6000 MV 

OZ4A/ 
1003 Full-Wave Rectifier 5-pin O. 4R Cold - .. -.-, 110 880 -•••• G 

1005/ 
CK1005 

Full-Wave Rectifier 8-pin O. T-9F Fil. 6.3 0.1 ... 70 450 -..- G 

1006/ 
CK 1006 

Full-Wove Rectifier 4-pin M. 4C Fil. 1.75 2.25 - 200 1600 - G 

CK1007 Full-Wave Rectifier 8-pin O. T-9G F11. 1.0 1.2 -.- 110 980 G 

CK1009/BA Full-Wave Rectifier 4-pin M. - Cold ..- -•-•• -.• 350 1000 ---, G 

1275 Full-Wave Rectifier 4-pin M. 4C Fil. 5.0 1.75 Same as SZ3 NV 

1616 Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 5.0 - 130 6000 800 HV 

1641/ 
RK60 

Full-Wave Rectifier 4-pin M. T-4AG Fil. 5.0 3.0 -.. 
50 

250 
4500 
2500 

- 
- HV 

1654 Half-Wave Rectifier 7-pin B. Fig. 41 Fil. 1.4 0.05 2330 1 7000 6 HV 

8008 Half-Wave Rectifier 4-pin , Fig. 11 Fil. 5.0 7.5 -- 1250 10000 5000 MV 

8013A Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 5.0 -- 20 40000 150 HV 

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. 
3.0 5.5 10000 100 40000 750 

NV 
5.8 6.5 12500 100 40000 750 

RK19 Full-Wave Rectifier 4-pin M. T-3A titr. 7.5 2.5 1250 200 3500 600 HV 

RK21 Half-Wove Rectifier 4-pin M. 4P HI,. 2.5 4.0 1250 200 , 3500 600 HV 

RK22 Full-Wave Rectifier 4-pin M. T-4AG Hi,. 2.3 8.0 12.i., 200 , 3500 600 HV 

1 With input choke of at least 20 henrys. 9 Same as 872A /872 except for heavy-duty push-type base. 
, Tapped for pilot lamps. Filanycnt connacted to pins 2 and 3, plate to top cap. 
s Per pair with choke input. , Choke input. 
4 Condenser input. ' Without panel lamp. 
9 With 100 ohms min. resistance in series with plate; without ' Using only one-half of filament. 

series resistor, maximum r.m.s. plate rating Is 117 volts. ,' Discontinued. 



TABLE XV- TRIODE TRANSMITTING TUBES 

Type 

M ax. 
Plate 
Dissi- 
potion 
Watts 

Cathode 
Max. 
Plate 

Voltage 

Max 
Plate 

Current 
J.4 
Ma. 

Max. 

Grid 
Current 
Ma. 

Amp. 
Factor 

I nterelectrode 
Capacitances (gefcl.) Max. 

Fre.i. 

Mc' 
Full 

Ratings 

Base 

Socket 
Conn"-

titans 
Typical Operation 

-   

Plate 
Voltage 

Grid 
Voltage 

Plate 
Current 
Ma • 

D.C. 
Grid 

Current 
Ma. 

Approx. 
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 
Fil. 

958-A 0.6 1.25 0.1 135 7 1.0 12 0.6 2.6 0.8 500 A. 5BD Class-C Amo.-Oscillator 135 - 20 7 1.0 0.035 -- 0.6 
RK24 1.5 2.0 0.12 180 20 6.0 8.0 3.5 5.5 3.0 125 S. 4D Class-C Amp.-Oscillator 180 - 43 16.5 6.0 0.3 - 2.0 6,162 1.5 6.3 0.43 300 30 16 32 2.2 1.6 0.4 230 B. 7BF Class-C Amp. (Telegraphy) 150 - 10 30 16 0.35 - 3.5 
9002 1.6 6.3 0.15 250 a 2.0 25 1.2 1.4 1.1 250 13. 7TM Class-C Amp.-Oscillator 180 - 35 7 1.5 - - 0.5 
955 1.6 6.3 0.15 180 a 2.0 25 1.0 1.4 0.6 250 A. SOC 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 0. 2T 

Class-C Amp.-Osdllator 180 - 30 12 2.0 0.2 -•-- 1.4 ' 
Class-C Amp. (Telephony) 180 - 35 12 2.5 0.3 - 1.4 2 

3A5 7 2.0 1.4 
2.8 

0.22 
0.11 150 30 5.0 15 0.9 3.2 1.0 40 B. 7ISC Class-C Amp.-Oscillator 150 - 35 30 3.0 0.2 -•-• 2.2 

6F4 2.0 6.3 0.225 150 20 8.0 17 2.0 1.9 0.6 500 A. 7BR Class-C Amp.-Oscillator 150 

- 15 

20 7.5 0.2 - 1.8 550' 

2000 4 

HY24 2.0 2.0 0.13 180 20 4.5 9.3 2.7 5.4 2.3 60 S. 40 
Class-C Amp. (Telegraphy) 180 - 45 20 4.5 0.2 - 2.7 
Class-C Amp. (Telephony) 180 - 43 20 4.3 0.3 - 2.3 

RK33 1.2 2.5 2.0 0.12 250 20 6.0 10.5 3-2 3-2 2.5 60 S. T-7DA Class-C Amp.-Oscillator 250 - 60 20 6.0 0.54 - 3.5 
12AU7 2 2.758 6.3 0.3 350 12 t 3.5 4 18 1.5 1.5 0.5 54 B. 9A Class-C Amp.-Oscillator 330 -100 24 7 - -, 6.0 
61114 3.0 6.3 0.2 180 12 - 32 3.1 2.35 0.55 Ma. B. 7CA Class-C Amp.-Oscillator 100 - - - ----- - 

HY6J5GTX 3.5 6.3 0.3 330 20 4.0 20 4.2 3.8 5.0 60 0. 60 
Class-C Amp.-Oscillator 330 - 30 20 2.0 0.2 -•••••• 3.3 
Class-C Amp. (Telephony) 250 - 30 20 2.3 0.3 -.- 2.3 

2C22/7193 3.3 6.3 0.3 500 - - 20 2.2 3.6 0.7 - O. 4AM Class-C Amo. (Telegraphy) --• - -•••-.• --•-••• -•-• •-• --
HY615 
HY-E1148 3.3 6.3 0.175 300 20 4.0 20 1.4 1.6 1.2 300 0. T-8AG Class-C Amp.-Oscillator 300 - 35 20 2.0 0.4 - 4.0s 

Class-C Amp. (Telephony) 300 - 33 20 3.0 0.8 - 3.5' 
GL-446A ' 

GL-446B 1 
3.75 6.3 0.75 400 20 -- 45 2.2 1.6 0.02 500 0. Fig. 19 Class-C Amp.-Oscillator 250 - - - ••••- - -» 

GL-2C441 
GL-464A1 

5.0 6.3 0.75 500 40 - - 2.7 2.0 0.1 500 0. 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. 63G Class-C Amp.-Oscillator 300 - 27 25 7.0 0.35 - 5.5 
1626 5.0 12.6 0.25 250 25 ILO 5.0 3.2 4.4 3.4 30 0. 63 Class-C Amp.-Oscillator 250 - 70 25 5.0 0.5 -- 4.0 
2C21/ 
RK33 2  

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 
6N7 2 5.54 6.3 0.8 350 30.1 3.0 4 35 --- -- --- 10 0. 88 Class-C Amp. Oscillator 330 -100 60 10 -- - 14.5 
2C40 6.5 6.3 0.75 500 25 - 36 2.1 1.3 0.05 300 0. Fig. 19 Class-C Amp.-Oscillator 250 - 5 20 0.3 - -.- 0.075 

5556 

-2C43 

7.0 4.5 1.1 350 40 10 8.5 4.0 8.3 3.0 6 M. 40 
Class-C Amp. (Telegraphy) 350 - 80 35 2 0.25 -.- 6 
Class-C Amp. (Telephony) 300 -100 30 2 0.3 -.- 4 

12 6.3 0.9 500 40 --- 48 2.9 1.7 0.05 1250 0. Flg. 19 Class-C Amp.-Oscillator 470 - 38 7 - •-•••- - 97 
2C26A 1re 6.3 1.10 -- - - 16.3 2.6 2.8 1.1 250 0. 488 - - - - -- - -•• 
2C34/ 
RK34 2 

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 

2050 14 4.5 1.6 400 50 10 7.2 5.2 4.8 3.3 6 M. 40 Class-C Amp.-Oscillator • 400 -112 45 10 1.5 - 10 
Class-C Amp. (Telephony) 330 -144 35 10 1.7 - 7.1 

2C25 15 7.0 1.18 450 60 13 8.0 6.0 8.9 3.0 -.- M. 40 
Class-C Amp.-Oscillator 40 -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 13 8 4.1 7.0 3.0 8 M. 40 
Class-C Amp.-Oscillator 450 -100 65 15 3.2 - 19 
Class-C Amp. ( Telephony) 350 -100 50 12 2.2 - 12 



TABLE XV- TRIODE TRANSMITTING TUBES- Continued 

T. 

Max. 
Plate 
Dissi- 
potion 
Watts 

Cathode 
Max' 
Plate 

Voltage 

Max 
Plate' 

Current 
m  a' 

Max. 
D.C. 
Grid 

Current 
Ma. 

Amp. 
Factor 

Interelectrode , 
Capacitances (Md.) 

Max. 
Freq. 

Mc. 
Full 

Ratings 

Base 
Socket 
Connec- 
titans 

Typical Operation 
Plate 

Voltage 
Grid 

Voltage 

Piale 
Current 
Ma. 

GIDh.:!..1 

Current 
Driving 

AP: Prearmt: 

Pow er 

Class 8 
P-to.P 

Load Res. 
Ohms 

Approx. 
Output 
Power 
Watts Volts Amp. 

Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to' 
Fil. 

843 15 2.5 2.5 450 40 7.5 7.7 4.0 4.5 4.0 6 M. SA 
Class-C Amo.-Oscillator 450 -140 30 3.0 1.0 - 7.5 

Class-C Amp. (Telephony) 350 -150 30 7.0 1.6 - 5.0 

RK59 5 15 6.3 1.0 SOO 90 25 25 5.0 9.0 1.0 - M. T-40 Class-C Amo.-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 430 - SO 80 12 - - 21 , 
Class-C Amp. (Telephony) 450 - 60 80 12 - - 16 5 

1602 15 7.5 1.25 450 60 15 8.0 4.0 7.0 3.0 6 M. 4D 

Class-C Amo. (Telegraphy) 450 -115 55 15 3.3 - 13 

Class-C Amp. (Telephony) 350 -135 43 15 3.5 - 8.0 

Class-11 Amp. Audio , 423 - 50 110 5 260 , 2.5 5 8000 25 

841 15 7.5 1.25 450 60 20 30 4.0 7.0 3.0 6 M. 40 
C lass-C Amp. (Telegraphy) 450 - 34 50 15 1.8 - 15 
Class-C Amp. (Telephony) 350 - 47 50 15 2.0 - 11 

10 
RKI0 1 

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 Amo. (Telephony) 350 -100 SO 12 2.2 - 12 

Class-11 Audio , 425 - 50 55 8 130 , 2.5 8 8000 25 

RK100 1 15 6.3 0.9 150 250 100 40 23 19 3.0 - M. T-6B 
Class-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 Amo. (Telephony) 350 - 80 85 20 3.0 - 18 

Class-8 Amo. Audio , 425 - 15 190 5 130 , 2.2 5 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 -193 55 15 4.5 - 18 

801-A/801 20 7.5 1.25 600 70 15 • 8.0 4.5 6.0 1.5 60 M. 4D 

Class-C Amp. ( Telegraphy) 603 -130 65 15 4.0 - 25 

Class-C Amp. (Telephony) 500 -190 SS 15 4.5 - 18 

Class-11 Amp. Audio , 600 - 75 130 320 , 3.0 8 10000 45 

HY801-A 20 7.5 1.25 600 70 15 8.0 4.5 6.0 1.5 60 M. 40 
Class-C Amp. (Telegraphy) 600 -230 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 - 41 85 28 3.75 - 44 

Class-C Amp (Telephony) 753 -103 73 23 4.8 --• 38 

Class-8 Amp. Audio , 800 0 40/136 160 8 1.8 5 12000 70 

15E 20 5.5 4.2 - - --. 25 1.4 1.15 0.3 600 N. T-4AF - - - - - - - --. 

3-25A3 
257 

25 6.3 3.0 2000 75 25 24 2.7 1.5 0.3 60 M. 3G 

- 

Class-C Amp.-Oscillator 

2000 -130 63 10 4.0 - 100 

1500 - 95 67 13 2.2 - 75 

1000 - 70 72 9 1.3 - 47 

Class-B Amo. Audio , 2000 - 80 16/80 270 5 0.7 , 55500 110 

3-2503 
3C24 
24G 

25 6.3 3.0 2000 75 25 23 
2.0 

1.7 

1.6 

1.5 

0.2 

0.3 
60 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 5 55500 110 

3C28 25 6.3 3.0 2000 75 25 23 2.1 1.8 0.1 103 S. Fig. 56 Class-C Amp. Oscillator Characteristics same as 3C24 

3C34 25 6.3 3.0 2000 75 25 23 2.5 1.7 0.4 60 S. 33 Class-C Amp. Oscillotor Characteristics same os 3C24 



TABLE XV- TRIODE TRANSMITTING TUBES- Continued 

Type 

Max. 
Plate 
Dissi- 
potion 
Watts 

Cathode 
Max' 
Plate 

Voltage 

Max. 
Plate 

Current 
m  a' 

Max. 
D.C. 
Grid 

Current 
Ma. 

Amp. 
Factor 

Interelectrode 
Capacitances Wild.) Max. 

Freq. 
Mc. 
Full 

Ratings 

Base 
Socket 
Connec- 
lions 

. 

Typical Operation Plate 
Voltage 

Grid 
Voltage 

Plate 
Current 
md. 

Grid 
Current 
Ma. 

Ax. 
Grid 

Drivina 
' Power 

Watts 

Class B 
P-to-P 

Load Res. 
Ohms 

Approx. 
Output 
Power 
Watts Volts Amp. 

Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

RK11 1 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 53 
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) 2300 -140 56 18 4.0 90 
Class-C Amp. (Telephony) 1500 -145 50 25 5.5 60 

HY25 25 7.5 2.25 800 75 25 55 4.2 4.6 1.0 60 M. 3G 
Class-C Amp. (Telegraphy) 750 - 45 75 15 2.0 42 

39 Class-C Amp. (Telephony) 700 - 45 75 17 5.0 

8025 

30 

20 

30 

6.3 1.92 1000 

65 - 

18 2.7 2.8 0.35 500 M. 4AQ 

Class-C Amp. (Grid. Mod.) 1003 -135 Sa 4 3.5 20 
65 20 Class-C Amp. (Telephony) 803 -105 40 10.5 1.4 22 
80 20 Class-C Amp. (Telegraphy) 1003 - 90 50 14 1.6 35 

HY3OZ l 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 2.5 58 
Class-C Amp. (Telephony) 700 - 75 90 25 3.5 47 

HY31Z , 
HY1231Z , 

30 
6.3 3.5 

500 150 30 45 5.0 5.5 1.9 60 M. T-40 
Class-C Amp. (Telegraphy) 500 - 45 150 25 2.5 56 

12.6 1.7 Class-C Amp. (Telephony) 433 -103 153 30 3.5 45 

316A 30 2.0 3.65 450 00 12 6.5 1.2 1.6 0.8 500 N. 
Class-C Amp. (Telegraphy) 450 - 80 12 - 7.5 
Class-C Amp. (Telephony) 403 - 80 12 - 6.5 

809 30 6.3 2.5 1000 125 - SO 5.7 6.7 0.9 60 • M. 3G 

Class-C Amp. (Telegraphy) 1030 - 75 100 25 3.8 75 
Class-C Amp. (Telephony) 750 - 60 100 32 4.3 -- 55 
Class-B Amp. Audio 1000 - 9 40/200 155 8 2.7 ,' 11600 145 

1623 30 6.3 2.5 1000 100 25 20 5.7 6.7 0.9 60 M. 3G 

Class-C Amp.-Osc.11ator 1033 - 90 103 23 3.1 -- 75 
Class-C Amp. (Telephony) 750 -123 100 23 4.0 -- 55 
Class-8 Amp. Audio 1 1030 - 40 30/200 230 8 4.2 9 12000 145 

53A 35 5.0 12.3 15000 1 - -- 35 3.6 1.9 0.4 --- N. T-48 Oscillator at 300 Mc. Approximately 50 watts output 

RK30 , 35 7.5 3.25 1250 80 25 15 2.75 2.5 2.75 60 M. 2D 
Class-C Amp. (Telegraphy) 1250 -180 90 18 3.2 -- 85 
Class-C Amp. (Telephony) 1000 -200 80 15 4.5 -- 60 

800 35 7.5 3.25 1250 80 25 15 2.75 2.5 2.75 60 M. 2D 

Class-C Amp. (Telegraphy) 1230 -175 70 15 4.0 - 65 
Class-C Amp. (Telephony) 1000 -200 70 15 4.0 - SO 
Class-8 Amp. Audio , 1250 - 70 30/130 300 9 3.4 8 21000 106 

1628 , 40 3.5 ' 3.25 1000 60 15 23 2.0 2.13 0.4 500 N. T-415L1 

Class-C Amp.-Oscillator 1000 - 65 50 15 1.7 - 35 
Class-C Amp. (Telephony) 800 -100 40 11 1.6 - 22 
Grid-Modulated Amp. 1000 -120 50 3.5 5.0 - 20 

8012 
GL-0012-A 40 6.3 2.0 1000 80 20 18 

2.7 2.8 0.35 
SOO N. T-41511 

Class-C Amp.-Oscillator 1000 - 90 50 14 1.6 -- 35 

2.7 2.5 0.4 
Class-C Amp. (Telephony) 800 -105 40 10.5 1.4 - 22 

Grid-Modulated Amp. 1000 -135 50 4.0 3.5 -.- 20 

RK113 , 40 7.5 3.0 1250 100 40 10 6.0 4.8 1.8 60 M. 3G 
Class-C Amp. (Telegraphy) 1250 -160 100 12 2.8 --.- 95 
Class-C Amp. (Telephony) 1000 -160 80 13 3.1 --- 64 

RK31 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 3.3 - 70 

HY40 I 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 

Class-C Amp. ( telephony) 853 - 90 125 25 5.0 - "2 
Grid-Modulated Amp. 1000 - 125 --- - - 20 



TABLE XV- TRIODE TRANSMITTING TUBES- Continued 

Type 

Max. 
Plate 

Cathode 
Max. 
Plate 

Voltage 

Max. 
Plate 

Current 
... 
''' ' 

Max. 
D.C. 
Grid 

Current 
Ma. 

Interelectrode 
Capacitances (µpfd.) 

Max. 
Freq. 

Mc. 
Full 

Ratings 

Base   
Socket 
C - 
lions 

Typical Operation 
Plate 

Voltage 
Grid 

Voltage 

Plate 
Current 
mu. 

D.C. 
Grid 

Current 
Ma. 

A PPrex• 
Grid 

Driving 
._ 
' --- l. Watts 

Class B 
P-to-P 

Load Res. 
Ohms 

Approx. 
Output 
Power 
Watts 

Amp. 
Factor Grid 

to 
FIL 

Grid 
to 

Plate 

Plate 
to 
Fil. 

Dissi- 
potion 
Wane Volts Amp. 

1/TMOZ i 40 7.5 2.6 1000 125 30 80 6.2 6.3 0.8 60 M. 

Class-C Amp. (Telegraphy) 123 25 5.0 - 94 

3G Class-C Amu. (Telephony) 100 30 7.0 - 82 

Grid-Modulated Amp. 60 -.-. -. -- 20 

740 40 7.5 2.3 1300 150 40 23 4.5 4.8 0.8 60 M. 3G 

Class-C Amp.-Oscillator 150 28 9.0 ---158 

Class-C Amo. (Telephony) 115 20 5.25 - 104 

40 7.5 2.5 1500 150 43 62 4.8 5.0 0.8 60 M. 3G 

Class-C Amo.-Oscillator 1500 - 93 ISO 38 10 -- 165 

Class-C Amp. (Telephony) 1250 -100 125 30 7.5 - 116 

Class-B Amo. Audio' 1500 - 9 250 , 285 , 6.0 12000 250 

NYS7 40 6.3 2.23 850 110 23 SO 4.9 3.1 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 - - -- 20 

MMINIEBWril 850 IZEIIMIZIMEENEEMMIESZCIMMILDMI Class-C Amplifier ....a  _ --"- 
8301 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 -- SS 

Grid-Modulated Amp. 1000 -200 30 2.0 -- 15 

3-50A4 
3ST 
3-50D4 
35TG 

4010-E 

RK321 

50 

1.22.X.WainEMÉMIZI 

50 

5.0 

7.5 

4.0 

3.25 

2000 

1250 

150 

130 

50 

20 

23 

39 

30 

11 

4.1 

2.5 

1.8 

1.8 

0.3 

0.4 

100 
100 

M. 

M. 

3G 

20 

Class-C Amp. (Telegraphy) 2000 -133 125 45 13 -- 200 

Class-C Amp. (Telephony) 1300 -120 100 30 5.0 -- 120 

Class-B Amp. Audio , 2000 - 40 34/167 255 , 4.0 , 27500 235 

WEIIIMEIMIEMIMEEZEIMICIM Class-C Am plifier 
- -- - -. -- -. 

2.5 3.4 0.7 100 M . 2D 
Class-C Amp. (Telegraphy) it • -223 100 14 4.8 -- 90 

Class-C Amp. (Telephony) W -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 5.0 -- 120 

Class-C Amp. (Telephony) 1250 -250 103 14 4.6 - 93 

Grid-Modulated Amp. 1500 -180 37 - 2.0 -- 23 

RK37 50 4.0 1500 125 35 23 3.5 3.2 0.2 60 M. 2D 

Class-C Amp. (Telegraphy) 1300 -130 115 30 7.0 - 122 

Class-C Amp. (Telephony) 1250 -150 103 23 5.6 - 90 

Grid-Modulated Amp. 1500 - 50 50 - 2.4 -- 26 

115 

3-50G2 
UHSO 

50 3.25 1250 125 23 10.6 2.2 2.6 0.3 60 M. 20 

Class-C Amp. (Telegraphy) 1250 - 25 125 20 7.5 --- 

Class-C Amp. (Telephony) 1230 -325 125 20 10 - 115 

Grid-ModulatedAm p. 1250 -200 60 2.0 3.0 -- 25 

UH51 1 50 5.0 6.3 2000 175 23 10.6 2.2 2.3 0.3 60 M. 2D 

Class-C Amp. (Telegraphy) 2000 -500 150 20 15 ---- 225 

Class-C Amp. (Telephony) 1500 -400 163 20 15 ---. 200 

Grid-Modulated Amp. 1500 -400 85 2.0 8.0 --. 65 

FIKS4 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-B Amp. Audio , 2500 - 85 20/130 360 5.0 40000 273 

111(154 1 50 5.0 6.3 1500 175 30 6.7 4.3 5.9 1.1 60 M. 20 

Class-C Amp. (Telegraphy) 1300 -590 167 20 15 - 200 

Class-C Amp. (Telephony) 1250 -460 170 20 12 - 162 

Grid-Modulated Amp. • 1500 -450 52 - 5.0 - 28 

HIC158 SO 12.6 2.3 2000 200 40 25 4.7 4.6 1.0 60 M. 20 
Class-C Amp.-Oscillator 2000 -150 123 25 6.0 - 200 

Class-C Amp. (Telephony) 2000 -140 105 25 5.0 - 170 

WE304A 1 
3048 

50 7.5 3.23 1250 100 23 11 2.0 2.5 0.7 100 M. 2D 
Class-C Amp. (Telegraphy) 1250 -200 100 85 

Class-C Amp. (Telephony) 1000 -180 100 65 



TABLE XV- TRIODE TRANSMITTING TUBES - Continued 

Typg 

M ax. 
Plate 
Dissi-
potion 
Watts 

Cathode 
Max. , 
Pia"' Voltage 

Max. 
Plate 

Current 
• Ma. 

' 

Max. 
D.C. 
Grid 

Current 
Ma. 

Amp. 
Factor 

Intarelectrode 
Capacitances (upfd.) 

Max. 
hem. 

Mc. 
Full 

RatIngs 

Base   
Socket 
C 
tiens 

Typical Operation Plate 

Voltage 
Grid 

Voltage 

,Plate 

-r" Mo. 

D.C. 
Grid 

Curren 

ADDr0 • • x" 
Grid 

,-, ;: 
'''''ng Power 
Watts 

Class B 
P-to-P 

Load Res. 
Ohms 

Approx. 
Output 
Power 
Watts Volts Amp. 

Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 

toMa. 
Fil. 

356A 50 5.0 5.0 1500 120 33 50 2.25 2.75 1.0 60 N. T-48D 
Class-C Amp. (Telegraphy) 1500 - 60 100 100 
Class-C Amp. (Telephony) 1250 -100 100 35 - 85 

tO8 SO 7.5 4.0 1500 150 35 47 5.3 2.8 0.15 30 M. 2D 

Class-C Amp. (Telegraphy) 1500 -200 123 30 9.5 140 
Class-C Amp. (Telephony) 1250 -225 100 32 10.5 - 105 
Class-B Amp. Audio 7 1500 - 25 30 190 220 , 4.8 , 18300 185 

834 50 7.5 3.1 1250 100 20 10.5 2.2 2.6 0.6 100 M. 2D 
Class-C Amp. (Telegraphy) 1250 -225 90 15 4.5 - 75 
Class-C Amp. ( Telephony) 1000 -310 90 17.5 6.5 58 

C41A , 50 10 2.0 1250 150 30 2.5 -. M. 3G Class-C Amplifier - 85 
041SW 50 10 2.0 1000 150 30 --•-••••• - 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 

ell 55 6.3 4.0 1500 150 50 160 5.5 5.5 0.6 60 M. 3G 

Class-C Amp. (Telegraphy) 1503 170 
Class-C Amp. (Telephony) 1250 -125 125 50 11 ---- 120 
Class-8 Amp. Audio , 1500 - 9 20/200 150 8 3.0 8 17600 220 

812 55 6.3 4.0 1500 150 35 29 5.3 L3 0.8 60 M. 3G 
Class-C Amp. (Telegraphy) 1500 ---- 170 
Class-C Amp. (Telephony) 1250 l. - 120 
Class-8 Amp. Audio , 1503 - 45 50/200 232 9 4.7 9 Ism 225 

RKS1 60 7.5 3.75 1500 150 40 20 6.0 6.0 2.5 60 M. 3G 
Class-C Amp. (Telegraphy) 1530 -250 150 31 10 - 170 
Class-C Amp. (Telephony) 1250 -200 103 17 4.5 96 
Grid-Modulated Amp. 1500 -130 63 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 7.0 135 
Class-C Amp. (Telephony) 1250 -120 115 47 8.5 - 102 
Class-8 Amp. Audio , 1250 0 47/300 180 , 7.5 8 10300 250 

T-60 
HF60 

60 10 2.5 1600 150 50 20 5.5 5.2 2.5 
60 

M. 2D Class-C Amp.-Oscillator 1500 -150 150 50 9.0 -----• 100 30 

826 60 7.5 4.0 1000 125 40 31 3.7 2.9 1.4 250 N. T-9A 

Class-C Amp.-Oscillator 1000 86 
Class-C Amp. (Telephony) 800 - 98 94 35 6.2 53 
Grid-Modulated Amp. 1000 -125 65 9.5 8.2 25 

8308 
9308 

60 10 2.0 1000 150 30 25 5.0 11 1.0 15 M. 3G 
lass-C Amp.-Oscillator 1000 -110 142 30 7.0 90 

Class-C Amp. ( Telephony) 800 -150 95 20 5.0 --••• 50 
Class-8 Amp. Audio , 1000 - 35 23/280 270 9 6.0 8 7600 175 

HY51A , 
HY.:18 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 ---• 131 
Class-C Amp. ( Telephony) 1000 -67.5 130 15 7.5 104 
.111,119719111TW . -. too .-- - 33 

HY512 1 

_ 

65 7.5 3.5 1000 175 35 05 7.9 7.2 0.9 60 M. 4110 

tiTITIS41"1"effITMT1 
1'7 'llailMIIMELMI. 
1000 - 30 150 33 10 

131 

104 Class-C Amp. (Telephony) 

Grid-Modulated Amp. 
10" M=MELIMM=1111=111 33 

5514 65 7.5 3.0 1500 175 60 145 7.0 7.9 LO 60 M. 400 

Class-C Amp. ( Telegraphy) 1500 laCIMEMZMIIIIIIII 200 
Class-C Amp. (Telephony) 1250 MEMIELEBIEI --,- 135 
Class-B Audio 7 15" IIMMIKEZELB 10300 400 

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 ino 30 5.0 120 

V70 
V7011 

70 10 2.5 1500 140 25 14 5.0 9.0 2.3 - 
J. 
M. 

y_3AB 
3G 

Class-C Amo. (Telegraphy) 1500 -215 130 6.0 3.0 140 
Class-C Amp. (Telephony) 1250 -250 130 6.0 3.0 120 



TABLE XV-TRIODE TRANSMITTING TUBES-Continued 

Type 

Max. 
Plate 
Dissi- 
potion 
Watts 

Cathode 
Max 

' Plate 
Voltage 

Max. 
Plate 

Current ._ 
9"."' 

Max. 
D.C. 
Grid 

Current 
Ma. 

Amp. 
Factor 

Interslocked° , 
Capacitances WM, 

Max. 
Freq. 
Mc. 
Full 

Ratings 

Base   
Socket 
C - 
lions 

Typical Operation Plate 
Voltage 

Grid 
Voltage 

Plate 
Current 
ma. 

D C 
• • Grid 

Current 
Ma. 

Approx. 
Grid 

Driving 
P. m , 

Watts 

Class 8 
P-to-P 

Load Res. 
Ohms 

Approx. 
Output 
Power 
Watts 

Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

Volts Amp. 

V70A 
V70C 

70 10 2.5 1500 140 20 25 5.0 9.5 2.0 - 
J. 
M. 

•r_3,e0 
3G 

Class-C Amp. (Telegraphy) 1000 -110 140 30 7.0 -- 90 

Class-C Amp. (Telephony) 800 -150 95 20 5.0 -.". 50 

SOT , 75 5.0 6.0 3300 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 -200 130 32 10 - 225 
Class-8 Amp. Audio , 2000 - 90 50/225 350 9 3, 19300 300 

3-75A2 
75TL 

35 12 2.6 2.4 0.4 20 
Class-C Amp. (Telegraphy) 2000 -300 150 21 e - 225 

Class-11 Amp. Audio , 2000 -160 30/250 535 9 59 18000 350 

HF75 75 10 3.25 2000 120 ---- 12.5 - 2.0 .- 75 M. 20 Class-C Oscillator-Ano. 2303 - 120 - -,- -- 150 

TV175 75 7.5 4.15 2000 175 60 20 3.35 1.5 0.7 60 M. 2D 
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 2.0 1500 150 30 23 3.5 4.5 1.4 30 M. 20 

Class-C Amp. (Telegraphy-) 1500 -200 130 18 6.0 - 170 

C lass-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 9.0 9 16000 350 

UE-100 75 10 2.5 1750 150 30 23 3.5 4.5 1.4 30 M. 2D 

Class-C Amp. (Telegraphy) 1500 -200 150 18 6.0 --- 170 

Class-C Amp. (Telephony) 1250 -250 120 21 8.0 - 105 

Class.11 Audio , 1750 - 62 540 9 9.0 16000 350 

111H 75 10 2.25 1500 160 -.- 23 -- 4.6 - 25 M. 20 Class-C Osc.-Amp. 1500 - 160 - - -.- 175 

Z0120 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-B Amp. Audio , 1500 - 9 60/296 196 9 5.0 , 11200 300 

3270 75 10.5 10.6 ---- ---- - 30 3.4 2.45 0.3 -- N. T-4A0 --- - - --. -- - -..- - 

242A 05 10 3.25 1250 150 50 12.5 6.5 13 4.0 6 J. 4E 
Class-C Amp. (Telegraphy) 1250 -175 150 - -- --.- 130 

Class-C Amp. (Telephony) 1000 -160 150 50 - - 100 

284D 85 10 3.25 1250 150 100 4.8 6.0 8.3 5.6 -• .1. 4E 

Class-C Amp. (Telegraphy) 1250 -500 150 - - -. 125 

Class-C Amp. (Telephony) 1000 -450 150 50 - - 100 

Class-8 Amp. Audio , 1250 -250 30/200 - - 11200 140 

81241 05 6.3 4.0 1750 200 45 ..-- 5.3 53 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 
, 

8005 85 10 3.25 1500 200 45 20 6.4 5.0 1.0 60 M. 3G 

Class-8 Amp. Audio , 1300 - 46 42/200 - - 18000 225 

Class-C Amp.-Oscillator 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 9 4.0 , 10000 300 

V-70-D 85 7.5 3.25 1750 230 45 - 4.5 4.5 1.7 30 M. 3G 

Class-C Amo. (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 
1230 _ 72 127 16 2.6 - 122 

RK36 , 100 5.0 8.0 3000 1C..5 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 



TABLE XV- TRIODE TRANSMITTING TUBES-Continued 

Type. 

_ 

RK38 , 

Max. 
Plate 
Dissi- 
potion 
wan. 

Cathode 
Mo x • 
Plate 

Voltage 

Man 

c ‘, , 
ur'n Ma 

165 

1- Max. 
Gild 

Current 
me. 

Amp. 
Factor 

Intwelectrode 
Capacitances (odd.) Max. 

Freq. 
Mc. 
Full 

Ratings 

Base 
Socket 
Conner- 
lions 

Typical Operation Plate 
Voltage 

Grid 
Voltage 

Plate 
Current 
Ma. 

Grid 
Current 
Ma. 

D.C. •A G- -at"ridx 

Drivin9 
Power 
Watts 

Class B 
P4o-P 

Load Res. 
Ohms 

Approx. 
Output 
Power 
Watts 

Volts Amp. 
Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

100 5.0 8.0 3000 40 - 4.6 4.3 0.9 60 M. 20 
Class-C Amp. (Telegraphy) 2000 -200 160 30 10 -- 225 
Class-C Amp. (Telephony) 2000 -200 160 30 10 -- 225 
Grid-Modulated 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. 2D 

Class-C Amp. (Telegraphy) 3000 -200 165 51 18 -- 400 
Class-C Amp. (Telephony) 3000 -210 167 45 18 - 400 

Grid-Modulated Amp. 3000 -400 70 3.0 7.0 -.- 100 
Class-B Amp. (Audio) , 3000 - 65 40/215 335 a 5.0 a 31000 650 

3-100A2 
10011 100 5.0 6.3 3000 225 50 14 2.3 2.0 0.4 40 M. 2D 

Class-C Amp. (Telegraphy) 3000 -400 163 30 20 --- 400 
Class-C Amp. (Telephony) 3000 -600 167 35 18 --.- 400 

Grid-Modulated Amp. 3000 -560 60 2.0 7.0 - 90 
Class-B Amp. (Audio) , 3000 -185 40/215 640 a 6.0 a 30000 450 

VT127A 100 5.0 10.4 3000 - 30 15.5 2.7 2.3 0.35 150 N. T-48 Class-C Amp.-Oscillator Characteristics elm lar to 100TL 
227A 100 10.5 10.7 ----- - - 31 3.0 2.2 0.30 -- N. T-4B Oscillator at 200 Mc. --------- - - 
TIM 100 10.5 10.7 - - - 31 3.4 2.3 0.35 - N. T-4AD Oscillator at 200 Mc. ------ - -. - - 

IRK254 100 5.0 7.5 4000 200 40 25 3.3 3.4 1.1 30 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-B Amp. (Audio) 7 3003 -103 40/240 456 a 7.0 a 30000 520 

RIC58 100 10 3.25 1250 175 70 - 8.5 6.5 10.5 - J. T-3AB 
Class-C Amp. (Telegraphy) 1250 - 90 150 30 6.0 - 130 
Class-C Amp. (Telephony) 1000 -135 150 50 16 - 100 

HF120  

HF125 

100 10 3.25 1250 175 - 12 - 10.5 -. 20 J. - Class-C Amp.-Oscillator 1250 - 175 - - - 150 
100 10 3.25 1500 175 - 25 -.- 11.5 -- 30 J. - Class-C Amp.-Oscillator 1503 .-.., 175 --. ---- 200 

IfF140  

203A 
303A 

100 

100 

10 3.25 1250 175 - 12 - 12.5 15 J. - Class-C Amp.-Oscillator 1250 --- 175 ---- - 150 

10 3.25 1250 175 60 25 6.5 14.5 5.5 15 J. 4E 

Class-C Amp. (Telegraphy) 1250 -125 150 25 7.0 --- 130 
Class-C Amp. (Telephony) 1000 -135 150 50 14 --. 100 
Class-B Amp. (Audio) 7 1250 - 45 26/320 330 a 11 g 9000 260 

ROM 100 10 3.25 1530 175 60 25 6.5 11.5 1.5 15 J. T-3AB 
Class-C Amp. (Telegraphy) 1500 -200 170 12 3.8 - 200 
Class-C Amp. (Telephony) 1250 -160 167 19 5.0 -- 160 
Class-B Amp. (Audio) , 1503 - 52 30/320 304 a 5.5 a 11000 340 

211 
311 
835 7 

100 10 3.25 1233 175 53 12 6.0 
6.0 

14.5 
9.25 

5.5 
5.0 

15 J. 4E 
Class-C Amp. (Telegraphy) 1250 -225 150 18 7.0 •-• 130 
Class-C Amp. (Telephony) 1000 -260 150 35 14 -- 100 
Class-B Amp. (Audio) 7 1250 -100 20/320 410 a 8.0 a 9000 260 

2428 
3428 

100 10 3.25 1250 150 50 12.5 7.0 13.6 6.0 6 J. 4E 
Close-C Amp. (Telegraphy) 1250 -175 150 - -- -- 130 

Class-C Amp (Telephony) 1000 -160 150 50 -.- -- 100 

242C 100 10 3.25 1250 150 50 12.5 6.1 13.0 4.7 6 J. 4E 
Class-C Amp. (Telegraphy) 1250 -175 130 -• -. .-- 130 
Class-C Amp. (Telephony) 1000 -160 130 50 --• ---- 100 
Class-B Amp. (Audio) , 1250 - 80 25/150 25 g 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-C Amp. (Telephony) 1000 -160 150 50 --. -- 100 
Class-8 Amp. (Audio) , 1250 - 90 20/150 25 a 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-13 Amp. (Audio) , 1250 - 93 20/125 -.--• 25 a 9000 175 



TABLE XV- TRIODE TRANSMITTING TUBES- Continued 

Typo 

Max- 
Plate 
Dissi- 
potion 
Waits 

Cathode 
Max. 
Plate 

Voltage 

Max ' Plate 
Current 
m  a' 

Max. 
D.C. 
Grid 

Current 
Ma. 

. 
'"'"' 
Factor 

Interelectrode 
Capacit (MO Max. 

Freq. 
Mc. 
Full 

Ratings 

Base 
Socket 
Connec- 
lions 

typical Operation 
Plate 

Voltage 
Grid 

Voltage 

Plate 
Current 
Ma. 

D.C. 
Grid 

Current 
Ma. 

A PPren' 
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. 

Volts Amp. 

2848 100 10 3.25 1250 150 100 5.0 4.2 7.4 5.3 - J. T-3A0 

Class-C Amp. (Telegraphy) 1250 -500 150 -- - - 125 

Class-C Amo. (Telephony) 1000 -430 150 SO - .- 100 

Class-8 Amp. (Audio) , 1250 -245 15/150 - 10 8 7200 200 

295A 100 

• 

10 3.25 1250 175 50 25 6.5 14.5 5.5 .. J. 4E 

dais-C Amp. (Telegraphy) 1250 -125 150 - - - 125 

Class-C Amp. (Telephony) 1000 -125 150 SO - -- 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 9 7.5 • 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-S Amp. (Audio) , 3000 -250 14/160 780 , 3.5 • 10250 320 

8003 100 10 3.25 1500 250 50 12 5.8 11.7 3.4 30 J. T-3,88 

Class-C Amp.-Oscillator 1350 -180 245 35 11 - 250 

Class-C Amp. (Telephony) 1100 -260 200 40 15 - 167 

Class-8 Amp. (Audio) , 1350 -100 40/490 480 • 10.5 t 6003 460 

3X100All 
2C39 

100 6.3 1.1 1000 60 40 100 6.5 1.95 0.03 500 N. - "Grid Isolation" Circuit 600 - 35 60 40 5.0 - 20 

311-CH 125 10 3.25 1750 200 50 12 5.5 41.0 4.5 30 J. Fig. 57 

Class-C 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 • --- ---- 8203 400 

3C22 125 6.3 2.0 1000 150 70 40 4.9 2.4 0.05 500 0. Fig. 30 Class-C Amp.-Oscillator 1000 -203 150 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) 1500 -290 160 25 10 - 200 

Class-11 Amp. (Audio) 7 2000 -130 30/175 217 • 3.4 • 13800 522 

RK57/805 125 10 3.25 1500 210 70 ,- 6.5 8.0 5.0 30 J. T-3A8 

Class-C Amp. (Telegraphy) 1300 -105 200 40 8.5 - 215 

Class-C Amp. (Telephony) 1250 -160 160 60 16 - 140 

Class-8 Amp. (Audio) , 1500 - 16 84/400 280 • 7.0 • 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 1$ 10 3.25 1250 210 - 12.5 - 9.0 --. 20 j. -. Class-C Amp.-Oscillator 1250 -210 - •-•-- - - 170 

HF150 125 10 3.25 1500 210 -..- 12.5 --. 7.2 - 30 J. - Class-C Amp.-Oscillator 1500 - 210 - --.- - 200 

HF175 125 10 4.0 2000 250 -• 18 6.3 -. 25 J. - Class-C Amp.-Oscillator 2000 - 250 - - - 300 

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-13 Amp. (Audio) , 1250 0 34/320 -.-- - 8400 250 

GL1S2 125 10 3.25 1500 200 60 25 7.0 8.8 4.0 15 J. T-48G 

Class-C Ama.-Oscillator 1250 -150 180 30 - - 150 

Class-C Amp. (Telephony) 1000 -200 160 30 - - 100 

Class-B Amo. (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. T-3118 

Class-C Am*. (Telegraphy) 1500 -105 200 40 8.5 - 215 

Class-C Amts. (Telephony) 1250 -160 160 60 16 - 140 

Class-8 Amu. (Audio) • 1500 - 16 84/43) 280 9 7.0 • 8200 370 



TABLE XV -TRIODE TRANSMITTING TUBES - Continued 

Typo 

Max. 
Plate 
Dissi-
pation 
Wets 

Cathodo 
Max' 
Plate 

Voltage 

Max 
Plate' 

Current 
Ma. 

Max. 
D.C. 
Grid 

Current 
Ma. 

Amp. 
Factor 

Interelectrode 
Capacitances (ppfd.) Mox. 

Freq. 

Mc. 
Full 

Ratings 

Base 
Socket 

Conner-
lions 

Typical Operation Plate 
Voltage 

Grid 
Voltage 

Plate 
Current 
Ma. 

D.C. 
Grid 

Current 
Mo . 

Ao ex 
-Pr - Grid 

n , ; 
'''''''''ag Power 
Warts 

Class 8 
P-to-P 

Load Res. 
Ohms 

Approx. 
Output 
Power 
Wa:ts 

Volts Amp. 
Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

3X150A3 
3C37 

150 6.3 2.5 1000 - - 23 4.2 3.3 0.6 SOO N. - - - - - - - --- --
150T 7 150 5.0 10 3000 200 50 13 3.0 3.5 0.5 - J. 2N Class-C Amp. (Telegraphy) 3000 -600 200 35 - - 430 
3-150A3 
152TH 

150 5/10 12.51/ 
6.25 3000 450 

85 20 5.7 4.5 0.8 
40 J 

4BC 
Class-C Amp. (Telegraphy) 3000 -300 250 70 27 --- 600 
Class-B Amp. (Audio) 7 3000 -150 67/335 430 9 3.0 9 20300 700 

3-150A2 
152TL 

75 12 4 .5 4.4 0.7 4BC 
Class-C Amp. (Telegraphy) 3000 -400 250 40 20 - 600 

Class-B Amp. (Audio) ' 3000 -260 65/335 675 , 3.0 , 20400 700 
TW150 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 

-- 470 
Class-C Amp. (Telephony) 3000 -260 165 40 17 -.- 400 

HK252-1. 150 5/10 13/6.5 3000 500 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 -- 
HF200 
HVIO 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 
-...- 

300 

380 Class-C Amp. (Telephony) 2000 -350 160 20 9.0 
-- 250 

Class-B Amp. (Audio) 7 2500 -130 60/360 460 , 8.0 1 16000 HD203A 150 10 4.0 2000 250 60 25 - 12 - 15 J. T-3AB Class-C Amplifier - -- - - - -- 
600 

375 HF250 150 10.5 4.0 2500 200 - 10 - 5.8 --.. 20 J. 2N Class-C Amp.-Oscillator 2500 --. 200 - --. - 375 

HK354 
HK354C 150 5.0 10 4000 300 50 14 4.5 3.8 1.1 30 J. 2N 

Class-C Amp. (Telegraphy) 4000 -690 245 SO 48 - 830 
Class-C Amp. (Telephony) 3000 -550 210 SO 35 -- 525 

Grid-Modulated Amp. 3000 -400 78 3.0 12 --- 85 
Class-8 Amp. (Audio) , 3000 -205 65/313 630 ° 23 , 22003 

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 - 
665 
690 

Class-C Amp. (Telephony) 3500 -425 210 55 36 --- 
HK354E 150 5.0 10 4000 300 60 35 4.5 3.8 1.1 30 J. 2N 

Class C Amp. (Telegraphy) 3500 -448 240 60 45 
--- 

525 

690 
Class-C Amp. (Telephony) 3000 -437 210 60 45 --- 525 

HK354F 150 5.0 10 4000 300 75 sa 4.5 3.8 1.1 30 J. 2N Class-C Amp. (Telegraphy) 3500 -368 250 75 SO - 720 
Class-C Amp. (Telephony) 3000 -312 210 75 45 

UE-468 150 10 4.05 2500 200 60 18 0.8 

0.7 

7.0 1.25 30 J. 
Class-C Amp. (Telegraphy) 2500 -300 200 18 8.0 

-- 

---- 
525 

380 Fig. 57 Class-C Amp. (Telephony) 2000 -350 160 20 9.0 
Class-8 (Audio) 7 2500 -130 320 , 410 , 2.5 

810 
1627 I 

175 13 4.5 
2500 300 75 36 4.3 12 33 J. 2N 

Class-C Amp. (Telegraphy) 
Class 

2500 -180 300 60 19 
16000 

-- 
500 

575 

5.0 

. 

9.0 
-C Amp. (Telephony) 2000 -350 250 70 35 

.---- 380 
Grid-Modulated Amp. 2250 -140 100 2.0 4.0 - 75 
Class-B Amp. ( Audio) , 2250 - 60 70/450 380 , 13 9 11600 

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 -- 
725 

575 
Class-C Amp. (Telephony) 2000 -370 250 37 20 ---- 380 
Grid-Modulated Amp. 2250 -265 103 0 2.5 - 75 
Class-8 Amp. (Audio)? 2250 • • - 110 65/453 560 9 7.9 , 12000 725 

GL-5C24 160 10 5.2 1750 137 --.-- 3 5.6 8.8 3.3 -.--- N. Fig. 26 Class-A Amp. (Audio) 1500 -155 107 --- -- 8200 , 55  
Class-ABI Amp. (Audio) 7 1750 -200 320' 390 9 - 8000 

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 ---• 
240 

525 
Class-C Amp. (Telephony) 2500 -230 205 50 19 

-- 405 
Grid-Modulated Amp. 3000 -250 100 7.0 12.5 ---- 100 



TABLE XV- TRIODE TRANSMITTING TUBES-Continued 

Type 

Max. 
Plate 
Dissi- 
potion 
Watts 

Cathode 
Max. 
Plate 

Vollage 

Max 
' Plate 

Current 
m  a* 

Max. 
D.C. 
Grid 

Current 
Mo. 

Amp. 
Factor 

Interelectrode 
Capacit (ndel) Max. 

Freq. 

Mc. 
Full 

Rulings 

Base 
Socket 
Connec- 
lions 

Typical Operation 
Plate 

Voltage 
Grid 

Voltage 

.. 

Plate 
Current .._ 

D.C. 
Grid 

Current 
Ma. 

Amman 
-- --- 
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 
Fil. 

T200 200 10 5.75 2500 350 80 16 9.5 7.9 1.6 30 J. 2N 
Class-C Ate. (Tillegraphy) 2500 -480 350 54 25 - 685 
Class-C Amp. (Telephony) 2000 -260 300 54 23 - 460 

P-12741 200 10 4.0 3000 325 70 38 13 4 13 -. J. Fig. 26 

Class-C Amp. (Telegraphy) 3300 -250 250 47 18 - 600 
Class-C Amp. (Telephony) 2500 -300 200 58 25.2 - 420 
Class-B Amp. (Audio) 7 2800 - 75 20/400 175 , 6.65 a 16600 820 

822 
8225 

200 10 4.0 2500 300 60 30 8.5 13.5 2.1 20 
30 J. 

T-3AB 
2N 

Class-C Amp. (Telegraphy) 2500 -190 300 51 17 -. 600 
Class-C Amp. (Telephony) 2000 - 75 250 43 . 13.7 - 405 
Class-8 Amp. (Audio) , 3000 - 80 450 , 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 15 - 375 

GL-592 200 10 5.0 3500 250 50 24 3.6 3.3 0.41 110 N. Fig. 52 
Class-C Amp.-Oscillator 2600 -240 250 45 18 - 425 
Class-C Amp. (Telephony) 2000 -500 250 SO - - - 

4C34 
HF300 

200 1142 4,0 3000 275 60 23 6.0 6.5 1.4 
60 

20 
J. 2N 

Class-C Amp. (Telegraphy) 3030 -400 250 28 16 -.-- 600 
Class-C Amp. (Telephony) 2000 -300 250 36 17 - 385 

Class-8 Amp. (Audio) , 3000 -115 60/360 450 , 13 ' 20000 780 

1814 
HV12 

200 10 4.0 2500 200 60 12 8.5 12.8 17 30 J T-3AB 

Class-C Amp. (Telegraphy) 2530 -240 300 30 10 575 
Class-C Amp. (Telephony) 2333 -370 300 40 20 -• 485 
Class-B Amp. (Audio) , 2303 -160 50/275 350 , 7.0 ' 14400 400 

1822 
HV27 200 10 4.0 2500 300 60 27 8.5 13.5 2.1 30 J. T-3AB 

Class-C Amp. (Telegraphy) 2500 -173 300 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 -400 250 28 20 - 600 
Class-C Amp. (Telephony) 2000 -300 250 36 17 - 385 
Class-B (Audio) , 2500 -100 60/450 - 7'A , - 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) 3300 -670 195 27 24 - 460 
Class-B Amp. (Audio) , 3300 -240 80/475 930 ' 35 8 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) 2000 -210 

< 

330 75 42 - 750 
Grid-Modulated Amp. 3000 -160 123 4.5 20 -.-- 125 
Class-B Amp. (Audio) , 3000 - 65 103/560 460 ' 24 8 12250 1150 

3-250A2 
250TL 

250 5.0 10.5 4000 350 50 14 37 3.1 07 40 J. 2N 

Class-C Amp. (Telegraphy) 3000 -350 335 45 29 - 750 
Class-C Amp. (Telephony) 3000 -350 335 45 29 - 730 

Grid-Modulated Amp. 3000 -450 125 2.0 15 --•-• 125 
Class-B Amp. (Audio) 7 3000 -175 100/500 840 , 17 ' 13000 1000 

GL159 250 10 9.6 2000 400 100 20 11 17.6 5.0 15 J. T-4BG 
Class-C Amp.-Oscillator 2000 -200 400 17 6.0 --., 620 
Class-C Amp. (Telephony) 1500 -240 400 23 9.0 - 450 
Class-8 Amp. (Audio) , 2000 -100 30/660 400 , 4.0 , 6880 900 

GL169 250 10 9.6 2000 400 100 85 11.5 19 47 15 J. T-48G 

Class-C Amp.-Oscillator 2000 -100 400 42 10 - 620 
Class-C Amp. (Telephony) 1500 -100 400 45 10 450 
Class-8 Amp. (Audio) , 2330 - 18 35/660 220 , 6.0 , 7000 900 



TABLE XV - TRIODE TRANSMITTING TUBES- Continued 

Type 

Max* Plate 
Dissi- 
potion 
waft. 

Cathode 
Max. 
Plate 

Voltage 

Max' 
Plate 
Current 

m  a' 

Max. 

D.C. 
Grid 

Current 
Ma. 

Amp. 
Factor 

Interelectrode 
Capacitances (ppfd.) 

Max. 
Fam. 

Mc. 
Full 

Ratings 

Base 
Socket 
Connec- 
ho OS 

Typical Operation 
Plate 

Voltage 
Grid 

Voltage 

Plate 

Current 
ma. 

D'C' 
Grid 

Current 
MO. 

Anprox 
.Grid • 

Driving 
Power .""er 
Watts 

Class B 
P-to-P 

Res. 
Ohms Ohms 

Approx. 
Output 
Power 
Watts 

Volts Amp. 

Grid 
to 

Fit. 

Grid 
10 

Plate 

Plate 
10 

Fil. 

204A 
304A 

250 11 3.05 2500 273 80 23 12.5 13 2.3 3 N. T-1A 

Class-C Amp. (Telegraphy) 2300 -200 230 30 15 - 450 

Class-C Amp. (Telephony) 2000 -250 230 35 20 --- 350 

Class-B Amp. (Audio) , 3000 -100 80/372 500* 18 * 20000 700 

30811 250 14 4,0 2250 323 75 8 0 13.6 17.4 9.3 ES N. T-2A 
Class-C Amp. (Telegraphy) 

1750 -345 300 -- - • - 350 

1500 -300 300 - 300 

Class-B Amp. (Audlo) 7 1730 -215 30/300 - 35* 5200 575 

HK454H 230 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-L 250 5.0 11 3000 375 60 12 4.6 3.4 1.4 100 J. 2N Class-C Amp. (Telephony) 3500 -450 270 45 30 - 760 

212E 
2418 
312E 

273 14 4.0 3000 350 75 16 14.9 18.8 8.6 1.5 N. 
T-2A 
T-2AA 

Ciass-C Amp. (Telegraphy) 3300 -275 270 60 28 - 760 

Class-C Amp. (Telephony) 3500 -450 270 45 30 - 760 

Class-B Amp. (Audio) 7 2000 -105 40/300 - 50* 8000 650 

300T 1 300 8.0 11.5 3500 350 73 16 4,0 4.0 0.6 - J. 2N Class-C Amp. (Telegraphy) 2000 -225 300 - - - 400 

HK304-1. 300 3/10 26/13 3000 1000 150 10 12 9.0 0.8 --• N. 4BC Class-C Amp. (Telephony) 1500 -200 300 75 --. 300 

527 300 5.3 133.0 -- --- - 38 19.0 12.0 1.4 200 N. T-41I 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 

Clou-C Amp. (Telegraphy) 2000 -380 500 75 57 --. 720 

Class-C Amp. (Telephony) 2000 -365 450 110 70 -• 655 

Grid-Modulated Amp. 3300 -210 150 15 15 - 210 

3-300A3 
304TH 

300 5/10 25/12.5 3000 900 

170 20 13.5 10.2 0.7 40 N. 4BC 
Class-C Amplifier 1500 -125 667 115 25 - 700 

Class-8 Amp. (Audio) , 3000 -150 134/667 420 * 6.0 * 10200 1400 

3-300A2 
304TL 150 12 8.3 9.1 0.6 40 N. 4BC 

Class-C Amplifier 1500 -250 665 90 33 --. 700 

Class-B Amp. (Audio) , 3000 -260 130/667 650 9 6.0 * 10200 1400 

833A 300 10 10 3000 500 100 35 12.3 6.3 8.3 30 N. T-1AB 
Class-C Amp. (Telegraphy) 2000 -200 475 65 25 - 740 

Class-C Amp. (Telephony) 2500 -300 335 75 30 - 635 

270A 330 10 4.0 3000 373 75 16 18 21 2.0 7.3 N. T-1A 
Class-C Amp. (Telegraphy) 3000 -375 350 - - -- 700 

Class-C Amp. (Telephony) 2250 -300 300 80 - -- 450 

8491 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 - 423 

831 1 400 11 10 3500 350 75 14.5 3.8 4.0 1.4 N. T-1AA 
Class-C Amp. (Telegraphy) 3500 -400 275 40 30 - 590 

Class-C Amp. (Telephony) 3000 -300 200 60 50 --. 360 

• Cathode resistor in ohms. Discon inued. 
Twin t iode. Values, except interelornent capacities, 

are for both sections in push-pull. 
Outpu at 112 Mc. 

Grid-leak resistor in ohms. 
'Max. peak volts, plate pulsed. 
Per section. 

7 Values are for two tubes in push-pull. 

R Max. signal value. 
'Peak of, grid-to-grid salts. 
',For single tube. 



TABLE XVI-TETRODE AND PENTODE TRANSMITTING TUBES 

Type 

Max. 
Plate 
Dissi- 
potion 
Watts 

Cathode Max. 
Plate 

Volt- 

age 

Max 
c  Sree•n 
Volt- 

°et 

Max' S creen 

Dissi- 
potion 
Watts 

Interelectrode 
Cita ( fd) 
°Inn nu" em • Max* Freq. 

Mc. 
Full 

Ratin gs 

Base 

Sock et 

nee- 
lions 

Typical Operation 
Plate 
Vol'Volt-. 
age 

Screen 
Volt. 
age 

1.u.P.: 
''"'t 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 

Power 
Watts Yens AmP• 

Grid 
to 

Fil. 

Grid 

te Plate 

Plate 
to 
Fil. 

3A4 2.0 
1.4 
2. 0 

0.2 
0.1 150 133 0.9 4.8 0.2 4.2 10 B. 78B Class-C Amp.-Oscillator 150 135 0 - 26 18.3 6.3 0.13 2300 ..--.. 1.2 

HY63 1 3.0 
2.5 
1.25 

0.1123 
0.223 200 100 0.660 O. T 8DB 

Class-C Amp.-Osc. 200 100 -- -22.5 20 4.0 2.0 --• OA ....-. 3.0 

Class-C Amp. (Telephony) 180 100 - - 33 15 3.0 2.0 ...--• 0.2 - 2.0 
6AK6 3.5 6.3 0.15 375 230 1.0 3.6 0.12 4.2 54 B. 781( aass-C Amp.-Oscillator 375 250 - -100 15 4.0 3.0 -- -- ---. 4.0 
6AQS 8.0 6.3 0.45 330 .250 2.0 7.6 0.35 6.0 54 B. 7BZ Closs-C Amp.-Oscillator 350 
6V6GT 8.0 6.3 0.45 350 250 2.0 9.5 0.7 7.5 10 O. 7AC Class-C Amp.-Oscillater 350 230 - -100 47 7.0 5.0 - -- - 11 11 
6AG7 9.0 6.3 0.65 373 230 1.5 13 0.06 7.5 10 O. 8Y Class-C Amp.-Oscillator 375 250 - - 75 30 9.0 5.0 --. 

RK64 1 6.0 6.3 0.5 400 100 3.0 10 0.4 9.0 60 M. T-5811 
Class-C Amp. (Telegraphy) 400 100 30 - 30 35 10 3.0 - 0.18 - 10 
Class-C Amp. (Telephony) 300 - 30 - 30 26 8.0 4.0 30003 0.2 -.- 6.0 

1610 6.0 2.3 1.75 400 200 2.0 8.6 1.2 13 20 M. T-SCA Class-C Amp.-Oscillator 400 150 ----. - 50 22.3 7.0 1.5 - 0.1 -- 5.0 

RK56 8.0 6.3 0.55 300 300 4.5 10 0.2 9.0 60 M. T 51111 
Class-C Amp. (Telegraphy) 400 300 - - 40 62 12 1.6 - 0.1 - 12.3 

Class-C Amp. (Telephony) 250 200 - - 40 SO 10 1.6 2800 0.28 - 8.5 

RK231 
RK23 
RK2581  

10 
2.5 2.0 

500 250 8 10 0.2 10 - M. 11-7C 

aoss-C Amp. (Telegraphy) 500 200 45 - 90 55 38 4.0 - 0.3 -.-- 22 
Class-C Amp. (Telephony) 400 150 0 - 90 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 0.7 350 275 2.5 8.5 0.5 11.5 45 O. 7S 
Class-C Amp. (Telegraphy) 350 200 - - 35 50 10 3.5 20000 0.22 - 9 
Class-C Amp. (Telephony) 273 200 - - 35 42 10 2.8 10000 0.16 - 6.0 

2E30 10 6.0 0.7 230 250 2.5 10 0.5 4.5 160 B. 7CQ 
Class-C Amp.-Oscillator 250 200 --. - 50 SO 10 2.3 -.-- 0.2 --•-• 7.5 

Class-A8r Amp. (Audio) , 250 230 -.-- - 30 40/120 4/20 2.3 7 87 1. 0.2 3800 17 

6F6 
6F6G 12.3 6.3 0.7 400 275 3.0 

6.3 0.2 13 
10 O. 7AC 

Class-C Amp.-Oscillator 400 273 - -100 50 11 5.0 - -- - 14 
8.0 0.3 6.5 Class-C Amp. (Telephony) 275 200 - - 33 42 10 2.8 - 0.16 - 6.0 

837 
RK44 1 12 12.6 0.7 SOO 31» 8 16 0.2 10 20 M. T-7C 

Class-C Amp. (Telegraphy) 500 200 40 - 70 80 15 4.0 20000 0.4 - 28 

Class-C Amp. (Telephony) 400 140 40 - 40 43 20 5.0 13000 0.3 - 11 

Suppressor-Modulated Amp. 500 - -65 - 20 30 23 3.5 14000 0.1 - 5.0 

2E24 
9.0 

6.3 , 0.63 

500 200 2.3 

8.5 0.11 6.5 125 O. 7CL 
Class-C Amp. (Telephony) 

400 180 - - 43 50 8.0 2.5 27500 0.15 13.5 

500 180 -.-- - 43 54 8.0 2.S 40000 0.16 - 18.0 
13.5 

600 200 2.3 Class-C Amp. (Telegraphy) 
400 200 - - 43 75 10.0 3.0 20000 0.19 -.- 20 

600 195 -... - SO 66 10 3.0 40500 0.21 -• 27 

2E26 
13.3 

6.3 0.8 
600 200 2.5 

13 0.2 7.0 123 O. 

, 

7CK 

Class-C Ainp. (Telegraphy) 600 183 - - 43 66 10 3.0 41500 0.17 - 27 

9.0 SOO 200 2.3 
Class-C Amp. (Telephony) 500 180 - - 50 54 9.0 2.3 35500 0.13 .--.- 18 

Class-AB2 Amp. (Audio) 8 500 125 - - 15 22/150 32 1 - 60 .1 0.36 1 8000 54 

802 13 6.3 0.9 600 250 6.0 12 0.15 8.5 30 M. T-7C 

Class-C Amp. (Telegraphy) 600 230 40 -120 53 16 2.4 22000 0.30 - 23 

Class-C Amp. (Telephony) SOO 245 40 - 40 40 15 1.5 16300 0.10 --. 12 

Suppressor-Modulated Amp. 600 250 -45 -100 30 24 3.0 14500 0.6 - 6.3 

HY6V6- 
GTX 

13 6.3 0.3 330 225 2.3 9.5 0.7 9.3 60 O. 7AC 
Class-C Amp.-Oscillator 300 - 10 - - 45 60 7.5 2.3 ---. 0.3 - 12 

Class-C Amp. (Telephony) 230 200 - - 45 60 6.0 2.0 13000 0.4 - 10 

HY60 15 6.3 0.5 425 223 2.3 10 0.2 8.5 60 M. T-588 
Class-C Amp. (Telegraphy) 425 200 --• -62.3 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 0.85 450 230 4.0 9.1 0.18 7.2 60 O. T We 
Class-C Amp.-Oscillator 450 230 - - 43 75 15 3.0 - 0.3 -, 24 

Class-C Amp. (Telephony) 350 200 -•-• - 45 63 12 3.0 -• 0.3 - 16 



TABLE XVI-TETRODE AND PENTODE TRANSMITTING TUBES- Continued 

Type 

Max' 
Plate 
Dissi- 
potion 
Watts 

Cathode Max. 
Plate 
Volt- 

age 

Max. 
Screen 
Volt- 

age 

Max' scree.ces 

Dissi-
potion 
Watts 

Interelectrode 
Capacitan ( fd) op . Max' en.i. 

Mc. 
Full 

Ratings 

Base 

Socket 
Con- 
nec- 
Hens 

Typical Operation 
Plate 
Volt- 
age 

Screen 
Volt- 
age 

Sea" 
Ifeffl, 

Volt- 

a3o 

Gri 3 
Volt- 
age 

Plate 
Current 
Ma. 

Screen 
Current 
Ma. 

Grid 
Current 
Ma. 

Screen 
Resistor 
Ohms 

Approx. 
Grid 

Driving 
Pow er 

Watts 

Class B 
P-to-P 
Load 
Res. 
Ohms 

. 
"PPrcnc* 
Output 
p ow 

‘,,,,..er 
""a-e 

Volts Amp' 

Grid 

te Fil 

Grid 

te Plate 

Plate 

te Fil. 

2E25 15 6.0 0.8 450 250 4.0 8.5 0.15 6.7 125 0. 583 

Class-C Ama.-Oscilletor 450 250 - - 45 75 15 3.0 - 0.4 - 24 

CInss-C AMP. (Telephony) 400 200 --. - 45 60 12 3.0 - 0.4 -- 16 

Class-AB: Amp. ( Audio) , 450 250 - - 33 44/150 10/43 3.0 142 , 0.9 7 6..)00 40 

306A 15 2.75 2.0 300 300 6.0 13 0.35 13 - M. I.-501 Class-C Amo. (Telephony) 300 180 -- - 50 36 15 3.0 8)30 -- --••••• 7.0 

307A 
RK-75 

15 5.5 1.0 500 250 6.0 15 0.55 12 -..- M. T-SC 
Class-C Amp. (Telegraphy) 500 250 0 - 35 60 13 1.4 23033 -- - 20 

Suppressor-Modulated Amo 500 200 -50 - 35 40 23 1.5 14003 -- - 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) 425 203 - - 60 52 16 2.4 1403./ 0.15 - 16 

832A , 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 2.8 36500 0.19 -- 26 

Class-C Amp. (Telephony) 603 230 - - 65 36 16 2.6 25333 0.16 - 17 

844 1 15 2.5 2.5 500 180 3.0 9.5 0.15 7.5 - M. T-588 
Class-C Amp. (Telearophy) 500 175 - -125 25 - 5.0 ------9.0 

Class-C Amp. (Telephony) 500 15) - -100 20 - -- - - --- 4.0 

865 15 7.5 2.0 750 175 3.0 8.5 0.1 8.0 15 M. T-4C 
Class-C Amts. (Telegraphy) 750 125 --- - 80 40 -- 5.5 -- 1.0 - 15 

Class-C Amp. ( Telephony) 500 125 --- -123 40 --- 9.0 -- 2.5 - 10 

1619 15 2.5 2.0 400 300 3.5 10.5 0.35 12.5 45 0. 7AC 

Class-C Amp. (Telegraphy) 400 300 -- - 55 75 10.5 5.0 9530 0.36 -- 19.5 

Class-C Amo. ( Telephony) 325 285 -- - 53 62 7.5 2.8 5003 0.18 -- 13 

Class-AB: Amo. ( Audio) , 400 300 0 -16.5 75/150 6.5/11.5 - 77 8 0.4 7 6)00 36 

5516 15 6.0 0.7 60C 250 5.0 8.5 0.12 6.5 80 0. 7CL 

Class-C Amp. ( re'emraphy) 600 250 - - 60 75 15 5.0 - 0.5 -- 32 

Class-C Amo. ( reelhony) 475 250 - - 90 63 10 4.0 22500 0.5 -- 22 

Class-AB: (Audio) , 600 250 - - 25 36/140 1/24 41 80 8 0.16 10500 67 

254A 20 5.0 3.25 750 175 5.0 4.6 0.1 9.4 -- M. 1-4C 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 Amo.-Oscillator 400 300 -- -125 100 12 5.0 - - -- 28 

61.6G 11.5 0.9 9.5 Class-C Amo. (Telephony) 325 25) -- - 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 Ama. (Telegraphy) 533 250 -- - 53 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 0.9 500 330 3.5 11 0.5 7.0 60 0. 7AC :lass-C Amo.-Oscillator 500 250 
--. - 50 90 9.0 2.0 - 0.5 ----, 30 

Class-C Amo. (Telephony) 400 225 - - 45 93 9.0 3.0 16000 0.8 ---- 20 

T21 21 6.3 0.9 400 333 3.5 13 0.7 12 30 M. 3-68 
Class-C Am*. ( Telegraphy) 400 250 - - 50 93 8.2 3.0 ---- 0.2 --- 25 

Class-C Amo. (Telephony) 350 200 - - 45 65 17 5.0 -- 0.33 --. 14 

RK49 21 6.3 0.9 400 330 3.5 11.5 1.4 10.6 - M. T-613 
Class-C Amp. ( releepaohy) 400 250 ---. - 50 95 8.0 3.0 -- 0.2 -- 25 

Class-C Arno. (Telephony) 300 233 --. - 45 60 15 5.0 6700 0.34 - 12 

1614 25 6.3 0.9 430 300 3.5 10 0.4 12.5 80 0. 7AC 

Class-C Amo. ( Telegraphy) 450 250 -- - 45 103 8 2.3 12500 0.15 - 81 

Class-C Amo. (Telephony) 375 230 --.- - 50 93 7.0 2.0 10000 0.15 - 21.5 

Class-ABt Amp. ( Audio) , 530 340 -- - 36 60/160 20 1 -- 72 8 - 7200 50 

RK41 1 
RK39 25 

2.5 
6.3 

2.4 
0.9 

600 330 3.5 13 0.2 10 33 M. T-588 
Class-C Amp. (Telegraphy) 603 300 -- - 90 93 10 3.0 - 0.38 - 36 

Class-C Amo. (Telephony) 475 250 - - 50 85 9.0 2.5 25300 0.2 - 26 

HY61/ 
807 

25 6.3 0.9 600 300 3.5 11 0.2 7.0 60 M. T-ZBB 

Class-C Amo. (Telegraphy) 600 250 -- - 53 85 9.0 4.0 39300 0.4 - 40 

Class-C Amp. (Telephony) 475 250 -- - 50 100 9.0 3.5 25030 0.2 -- 27 

Class-AB: Amp. (Audio) , 600 300 ---- - 30 200 , 10 1 - - 0.1 , - 80 

815 , 25 
12.6 
6.3 

0.8 
1.6 

300 200 4.0 13.3 0.2 8.5 125 0. T-8FA, 

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 , 0.35 1 2300 54 



TABLE XV!-TETRODE AND PENTODE TRANSMITTING TUBES- Continued 

TABLE XVI-TETRODE AND PENTODE TRANSMITTING TUBES-Continued 

Type 

Max. 
Plate 
Dissi- 
potion 
Wafts 

Cathode Max. 
Plate 
Volt- 
age 

Max. 
Screen 
Volt- 
090 

Max. 
Screen 
Dissi-
potion 
W alls 

Interelectrode 
Ca 1 par tances (" lc" 

Max. 
Freq. 

Mc' Full a" 

Socket 
Con- 
nec- 
lions 

Typical Operation 
Plate 
Volt- 
age 

Screen 
Volt- 
age 

Sup-

'rem' Volt- 
age 

Grid 
Volt- 
age 

Plate 
Current 
Ma. 

Screen 
:Jrrent 
Ma. 

Grid 
Curren. 
Ma. 

Screen 
Resistor 
Ohms 

Npprox 
Grid 

Driving 
Power 
Watts 

Class B 
P-to-P 
Load 
Res. 
Ohms 

Approx. 
Output • 
Power ,...„. 
'' 

Volts Amp. 
Grid 
to 

Fit. 

Grid 
to 

Plate 

Plate , 
to ratings 
Fil. 

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 2.5 2.0 600 300 3.5 11 0.25 7.5 60 M. T-SOC 

Class-C Amo. ( Telegraphy) 600 300 --• - 60 90 10 5.0 30000 U.4 5 . - 35 
Class-C Amo. (Telephony) 500 275 -- - 24 

Class-A13. Amp. (Audio) , 600 300 -- - 5 42/180 5/15 106 e - 1.2 l 7500 72 
3DX3 25 6.3 3.0 1500 230 - - -- - 250 S. Fig. 4C Class-C Amp. (Telegraphy) 1000 200 -- -155 75 - 2.8 - 0.57 - SO 

3E22 , 30 
12.6 
6.3 

0.8 
1.6 560 225 6.0 14 0.22 8.5 - O O. 8BY 

Class-C Amo. (Telegraphy) , 600 200 - - 55 160 20 7.0 20000 0.45 -- 72 

Class-C Amp. (Telephony) , 560 230 -- - 50 160 20 6.5 18000 0.4 -- 67 

RK66 30 6.3 1.5 600 300 3.5 12 0.25 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 
1625 30 6.3 

12.6 
0.9 
0.45 750 300 3.5 11 0.2 7.0 60 M. T-5138 

SAZ 

Class-C Amp. ( Telegraphy) 750 250 -- - 45 100 6 3.5 8 000 0.22 -- 50 
Class.0 Amo. (Telephony) 600 275 - - 90 100 6.5 4.0 50000 0.4 -- 42.3 

Class-AB, Amp. (Audio) , 750 300 - - 32 60/240 S 10 92 , - 0.2 1 6950 120 

2E22 30 6.3 1.5 750 250 10 13 0.2 8.0 - M. Si 

Class-C Amts.-Oscillator SOO 250 22.5 - 60 100 16 6.0 15000 0.55 - 34 

Class.0 Amp.-Oscillator 750 250 22.5 - 60 100 16 6.0 30000 0.55 - 53 
Suporessor-Modulated Amp 750 250 -90 - 65 55 27 6.5 17000 0.6 16.5 

3023 
TB-35 

35 6.3 3.0 - - - 6.5 0.2 1.8 250 M. Fig. 54 
Class-C Amo. (Telegraphy) 1500 375 - -300 110 22 15 -..- 4 5 130 
Class-C Amo. ( feleahony) 1000 300 -- -200 85 14 10 2.0 60 

RK20 l 
RK20A 
RK46 l 

40 
7.5 
7.5 
12.6 

3.0 
3.25 
2.5 

1253 300 15 14 0.01 12 - M T .:C 

Class-C Amp. (Telegraphy) 1250 300 45 -100 92 36 11.5 -- 1.6 84 
Class-C Amo. (Telephony) 1000 300 0 -100 75 33 10 23000 1.3 52 
Suooressor-Modulated 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-50 

Class-C Amn.-Oscillator 600 250 -- - 60 100 12.5 4.0 30000 0.25 -- 42 
Class-C Amo. (Telephony) 600 250 -- - 60 100 12.5 5.0 30000 0.35 -- 42 
Modulated Doubler 600 200 ---- -330 90 11.3 6.0 35000 2.8 -- 27 

Class-AB, Amo. ( Audio) , 600 300 --. - 35 230 1 18 5.0 1 --- 0.3 1 --- 80 

829 1.8 
6.3 
12.6 

2.25 
1.12 500 225 40 14.5 0.1 7.0 200 N. 7BP 

Class-C Amp. (Telegraphy) 500 200 -- - 45 240 32 12 9303 0.7 -- 83 
Class-C Am p. (Telephony) 425 200 -- - 60 212 35 11 6400 0.8 - 63 
Grid-Modulated Amo. 500 200 -- - 38 120 13 2.0 -- 0.5 -- 23 

829A1., 
6.3 
12.6 

2.25 
1.12 750 240 

• 

7.0 14.4 0.1 7.0 200 N. 78P 
Class-C Amp.-Oscillator 750 200 -- - 55 160 3) 12 18333 0.8 -•-- 87 
Cless-C Amp. (Telephony) 600 200 -- - 70 150 33 12 13330 0.9 - 70 

Grid-Modulated Amo. 750 230 -- - 55 80 5.0 0 -- 0.7 ----, 24 

82913 , 
3E29 , 
 40  

30 
12.6 
6.3 

1.125 
2.25 

753 225 6 

14.5 0.12 7.0 200 N. 7IW 
Class-C Arno. (Grid Mod.) 500 200 -- - 38 123 10 2 ---- 0.5 - 23 

28 600 225 7 Class-C Amp. (Telephony) 425 200 -,- - 60 212 33 11.0 6400 0.8 - 63 
40 750 210 7 Class-C Amp. (Telegraphy) 500 200 - - 45 240 3 2.0 9 3 0. -- 83 

HY1269 40 
6.3 
12.6 

3.5 
1.75 750 300 5.0 16.0 0.25 7.5 6 M T 5013 

Class-C Amp.-Oscillator 730 330 ---- - 70 120 5 4 -- .2 -- 63 
Class-C Amp. (Telephony) 600 2 0 -- - 70 100 2.5 5 3 330 0. - 42 
Grid-Modulated Amp. 750 300 -- -- 8) •• -.-- -.- -... •-.• 20 
Class-AB2 Amp. (Audio) , 600 330 -- - 35 200' ------0.3 - 80 

3024 45 6.3 3.0 2000 400 10 6.5 0.2 2.4 125 L T-9J Class-C Amp.-Oscillator 2000 375 -- -300 90 20 10 - 4.0 -- 140 
1500 375 - -300 90 22 10 - 4.0 - 105 

7158 50 25/28 •-- -, ...-.. - - - ... Class-C Amp. (Telegraphy) 1500 330 - - 125   -• 



TABLE XVII -KLYSTRONS 

Type Freq. Range-Mr. 
Cathode Base 

Connec- 
lions 

- 

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. 

2X251 
723A-B 

8702-9548 6.3 0.44 Fig. 60 Reflex Oscillator 300 32 ---• - -130/-185 
4 

25 ....... 0.033 

2K-28 , 1200-3750 6.3 0.65 Fig. 61 Reflex Oscillator 300 , 45 - 300 -155/-290 30 - 0.140 
2K33 23500-24500 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 * 1903 150 453 -45 - 75 -..- 1044 
2K35 2730-3330 6.3 1.6 Fig. 58 Cascade Amplifier * 1500 150 450 0 - 75 0.005 5 
2K41 26a43310 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 0 -650 45 --.. 0.75 
2K43 , 4200-5700 6.3 1.3 Fig. 59 Reflex Oscillator * 1000 60 75 0 -320 40 -•-• 0.8 
21(44 , 5700-7500 6.3 1.3 Fig. 59 Reflex Oscillator* 1003 60 75 0 -700 43 -..- 0.9 
2K39 , 7500-10300 6.3 1.3 Fig. 59 Reflex Oscillator * 1033 60 75 0 -660 30 ---. 0.46 

2K46 2730-3330 , 
8190-10000 , 6.3 1.3 Fig. 58 Frequency Multiplier * 1500 60 60 -90 --•-• 30 0.01/0.07 0.01-0.07 

2X47 
250-280 1 

2250-3360 ' 
6.3 1.3 Fig. 58 Frequency Multiplier * 1000 60 60 -35 -. 50 3.5 0.15 

31(21 , 2300-2725 6.3 1.6 Fig. 58 Oscillator-Amplifier* 20)3 150 450 0 --•-• 125 1-3 10-.20 
31(22 1 3320-4000 6.3 1.6 Fig. 58 Oscillator-Amplifier * 2000 150 450 0 ---. 125 1-3 10-20 
31(23 , 950-1150 6.3 1.6 Fig. 59 Reflex Oscillator * 1000 90 80 0 -300 70 - 1-..2 
31(27 , 750-960 6.3 1.6 Fig. 59 Reflex Oscillator* 1030 90 80 0 -300 70 --.- 142 
3K30 
(41ORP 

2700-3300 6.3 1.6 Fig. 58 Oscillator-Amplifier * 2000 150 450 0 - 125 1-3 10-20 

70711 , 1200-3750 6.3 0.65 Fig. 61 Reflex Oscillator 300 ' 45 - 300 -155/-290 32 - 0.140 
0X159 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 - - 0.02 

,:nput frequency. 
'Output frequency. 

, Tuner required. 
'Al max. ratings. 

Has demountable tuning cavity. 
, Cathode current specified on each tube. 

7G2 and G3 voltage. 
'Forced-air cooling required. 
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Wire Table  555 
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239 

Power-Supply Transformer Vetage  239 
48,50 

" Antenna   369 
Time Constant  34 

Reactance  39 
Resistance Measured by Voltmeter  481 
Resonance  47 
Resonant Frequency  47 

384 Rhombic Antenna 
Ripple 235,236 
Series, Parallel, and Series-Parallel Capacitances.  . . 28, e 
Series, Parallel, and Series-Parallel Inductances  32 
Senes, Parallel, and Series-Parallel Resistances 23,25 
Shunts, Meter  480 
Standing-Wave Ratio 334, 496,497 
Surge Impedance 337,369 
Time Constant  34 
Transformer Current  44 
Transformer Efficiency  44 
Transformer Turns, Primary  240 
Transformer Voltage  44 
Transformer Volt-Ampere Rating  239 
Transmission-Line Length  337 
Transmission-Line Output Impedance  333 
Turns Ratio 44, 302, 306 
Voltage Dividers  242 
Voltage-Dropping Series Resistor  242 
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236 Cathode Modulation 278,281-282 
243 Cathode-Ray Oscilloscopes 485-490 
20 Cathode Resistor  72 
20 Cavity Resonators 487-468 

Center-Tap, Filament  72 
Center-Tap Full-Wave Rectifier 232-233 
Center-Tap Keying 265-266 

60 Characteristic Curves  62 
Characteristic Impedance 328,338-337 
Characteristics, Dynamic  63 
Characteristics of Radio Waves 79-80 
Charges, Electrical  18 
Chassis Layout 503-504 
Chirp, Keying 143,262,263,269 
Choke Coil 239-242 
Choke-Coupled Modulator  278 
Choke, Filter  237 
Choke-Input Filter 235-238 
Choke, Swinging  237 
Circuit Tracking  95 
Circuits: 

Balanced  57 
Butterfly 458-457 
Coaxial-Line 454-456 

20 Colpitta 75,141,142 
63 Converter  98 

Coupled 51-54 
Electrical 17-58 
Hartley 75,141,142 
High-Frequency Oscillator  99 
High-G  456 
Lag 266-267 
Lumped-Constant  456 
Nonlinear  57 
Parallel 41-42 
Parallel-Resonant 49-50 
Pot Tank  456 
Power-Amplifier  65 
Radio-Frequency Power-Amplifier 147-150 
Receiver (see " Receivers") 
Resonant 47-51 
Resonant-Line 454-456 
Resonator  456 
Series 40-41 
Single-ended  57 
Sweep  493 
Transmitter (see " Transmitters") 
Tuned-Plate Tuned-Grid  75 
Ultraudion 141-142 
Voltage Multiplying 248-248 

Claas-A, -AB and -B Amplifiers 284-285 
Class-B Modulators 305-309 
Clicks, Keying 262-263,288-267,269 
Clipter Circuit 293-297 
Coaxial Antennas  451 
Coaxial-Line Circuits 459-460 
Coaxial Transmission Linee  336 
Code (Continental) and Code Practice 13-16 
Coefficient of Coupling  32 
Coefficient, Temperature 21-22 
Coil (see " Inductance") 
Coil, Field  94 
Coil, Voice  94 
Cold-Cathode Rectifiers  233 
Collinear Arrays 365-366 
Color Codes, RMA 506-508 
Colpitta Circuit 75,141,142 
Combined A.C. and D.0  54-58 
Combination Arrays 366,376 
Compact Antennas 362-363 
Complex Input Impedance  340 
Complex Waves  43 
Component Values  506 
Condenser  26 
Condenser, Band-Setting  95 
Condenser, Blocking 55,158 
Condenser Color Code  507 
Condenser Coupling 51-52 
Condenser-Input Filter 238-239 
Condenser Microphones  284 
Condenser Series and Parallel Connections 28-29 
Condensers, Bandspread  95 
Condensers, Buffer  255 
Condensers, By-Pass 55,158 
Condensers, Electrolytic  27 
Condensers, Filter 237-239 
Condensers, Fixed  27 
Condensers, Neutralizing 164-165 
Condensers, Variable  27 
Conductance  22 
Conductance, Mutual  63 
Conduction, Thermiomc 59-60 
Conductivity 21-22 
Conductor Size, Antennas  357 
Conductors  18 
Constants, LC  51 
Construction, Antenna 377-388 

Voltage Regulation  
Voltage-Regulator Limiting Resistor  
Wavelength  
Wavelength-Frequency Conversion  

Text 
"A " Battery  
A.C. 19,35-43 
A.C.-D.C. Converters  254 
A.C.-D.C. Power Supplies 246,247 
A.C. Line Filters  515 
Absorption Frequency Meters 474,476 
Alignment, Receiver 136-138 
Alternating Current 19,35-43 
Amateur Bands  16 
Amateur Emergency Corpe 531,540 
Amateur Operator and Station Licenses  13 
Amateur Regulations  509 
American Radio Relay League: 

Headquarters 12-13 
Hiram Percy Maxim Memorial Station 12,544 
Joining the League  547 

Ammeters 342,479 
Ampere  
Amplification Factor  
Amplifier, Class-A  87 
Amplifier Classifications 284-285 
Amplifiers (see basic classifications, e.g., " Receivers," 
" Transmitters," and " Radiotelephony") 

Amplitude Modulation 273,274-315 
Angle of Radiation 82,354,355 
Anode  60 
Antenna Length  356 
Atoms  18 
Atmospheric Bending 81,391,392 
Audio-Amplifier Classifications 284-285 
Audio Frequencies  20 
Audio-Frequency Amplifiers 92-94 
Audio Image  115 
Audio Limiting  107 
Audio Oscillators 482-484 
Auroral Reflection ....  81-82 
Autodyne Reception  sa 
Automatic Volume Control 105-107 
Autotransformer .'  46 
Average Current Value  20 
"B" Battery  60 
Back-Wave  262 
Band-Pass Filters 550-551 
Bandspreading  95 
Bandwidth  86 
Battery Service Hours (Table)  260 
Beam Antennas 363-376 
Beat Frequencies  57 
Beat-Note  ss 
Beat Oscillator  105 
Bias 64-85,159-161,307 
Bias, Cathode 72-73 
Bias Modulation 276,278,281 
Bien Supplies 248-249 
"Birdies" 181,187,203,206,217,228 
Bleeder  228 
Blocked-Grid Keying  265 
Blocking, Condenser  55 
Break-In 283,271-272,499-500,519 
Bridge Rectifiers  233 
Bridge-Type Standing-Wave Indicators 491-494 
Broadcast Interference, Elimination of 509-515 
Buffer Amplifier 155-156,275 
Buffer Condenser  -..  255 
Butterfly Circuits 456-457 
Buzzer (Code-Practice Set  14 
By-Passing 55-56 
C (Capacitance)  28 
"C" Flattery  63 
C-L Ratios 50-51 
C-R and R-L Time Constants 34-35 
Cable Lacing  505 
Canadian General Manager  12 
Capacitance and Condensers 28-29 
Capacitance Measurement 488-489 
Capacitive Coupling 51-52,154-155 
Capacitive Reactance 37-38 
Capacitance Distributed  56 
Capacitance, Feed-Back  75 
Capacitance, Inductance, and Frequency Charte  554 
Capacitance, Interelectrode 68-69,162 
Capacitance-Resistance Time Constant  34 
Capacitance, Specific Inductive  27 
Carbon Microphone 282-283 
Carrier  273 
Cathode 59,60 
Cathode-Bias Calculation 72-73 
Cathode Circuits 71-73 
Cathode Follower  71 
Cathode Keying 265-268 



Construction Practice 
Continental Code  
Control Circuits, Station 
Control Grid  
Controlled-Rectifier Keying 
Conversion Efficiency  
Converters, AC.-D.0   
Converters, Frequency  
Converters, V.H  F  
Copper-Wire Table  
Cores  
Corner-Reflector Antenna  
Coupled Circuits 
Coupling 
Coupling, Antenna to Receiver  
Coupling, Antenna to Transmitter 
Coupling, Capacitive 
Coupling, Choke  
Coupling, Critical  
Coupling, Impedance 
Coupling, Inductive 
Coupling, Link 
Coupling, Resistance  
Coupling to Transmission Linee 
Coupling to Wave Guides and Cavity Resonators 
 468-469 

Critical Angle  
Critical Coupling  
Critical Frequency  
Critical Inductance 
Cross-Modulation 
Cross-Talk  
Crystals, Piezoelectric  
Crystal-Controlled Transmitter Construction (see 

"Transmitters" and " Very-High Frequencies") 
Crystal Filters 116-117 
Crystal Frequency Calibrator 
Crystal Grinding 
Crystal Headphones  
Crystal Microphones  
Crystal Oscillators  
Current, Alternating  
Current, Antenna  
Current, Direct  
Current Feed for Antennas  
Current-Intensity Modulation  
Current Lag and Lead  
Current Line  
Current Loop  
Current Magnetizing  
Current Measurement  
Current Node  
Current, Pulsating  
Current Values  
Currents, Eddy  
Curves, Tube-Characteristic  
Cut-Off Frequency  
Cut-off, Plate-Current  
Cycle  
Cyclic Variations   
Cylindrical Antennas 
D Layer  
D.0  
D.C. Instruments 
Dead Spots  
Decibel  
Decoupling  
Deflection Platea  
Degeneration  
Degenerative Oscillator  
Delayed A.V  C  
Delivering Messages 
Delta Matching Transformer 359,445 
Demodulation 87-02 
Density, Flux  
Detection 
Detectors: 

Crystal  
Diode  
Grid-Leak  
Infinite-Impedance  
Plate  
Regenerative  

Deviation Ratio 

PAGE 

 502-508 
13-16 

 252-253,496 
62 

265 
97 

254 
96 

399-404,408-414 
555 
43 

452-453 
 51-54 

 32,128-127 
376-377 
330-353 

 51-52,154-155 
65 
52 

  65 
 52,153-154 

 53-54,153-154,345 
65,286 

 339-353 

82 
52 
80 

237 
 117-118 

512 
54 

 476-478 
 148-147 

93-94 
283 

145-146 
19 

354,359 
19 

343 
457-458 

35 
328-329,342-343 

330,354 
44 

479-481 
330,354 

54 
20. 
31 
62 

551 
62 
19 
81 

 451-452 
80 
19 

483-486 
91 
548 
288 
488 

67-68 
76-77 

106 
529 

17 
 85,87-92 

87 
87-89 

89 
90 

89-90 
90-92 
318 

Diagrams, Schematic Symbols for Frontispiece 
Diamond Antenna 364-365 
Dielectrics  27 
Dies  505 

23-24 
79 

87-89 
60 

358,446 
51 
19 

357-358 
 363-377 

Difference of Potential  
Diffraction  
Diode Detectors  
Diodes  
Dipole, Folded  
Direct Coupling  
Direct Current  
Direct Feed for Antennas 
Directive Antennas 

Directivity, Antenna  
Director, Antenna  
Directors, ARRL 
Discriminator 
Dissipation, Plate and screen 
Distortion, Harmonic  
Distributed Capacitance and Inductance 
Dividers, Voltage  
Divisions, ARRL  
Door-Knob Tube  
Doubler, Frequency  
Doublet, Folded  
Double Resonance  
Dotrble-Section Filter  
Double Superheterodyne 
Drift, Frequency  
Drill Sizes (Table)  
Driven Elements  
Driver  
Driver Power 161,284,301-302 
Driving-Power/Plate-Circuit-Efficiency Curve  162 
Duplex-Diode Triodes and Pentodes 
Duplex Power Supplies 
Dynamic Characteristics 
Dynamic Instability  
Dynamic Inversion  
Dynamic Loudspeakers 
Dynamic Microphones 
Dynamotore 
Dynatron Oscillator  
E (Voltage)  
E Layer  
Eddy Current  
Effective Current Value  
Efficiency, Amplifier  
Efficiency, Transformer  
Electrical Laws and Circuits  
Electrical Length  
Electrode  
Electrolytic Condensers  
Electrolytic Conduction  
Electromagnetic Deflection  
Electromagnetic Field  
Electromagnetic Waves  
Electromotive Force (E.M.F) 
Electron-Coupled Oscillator  
Electron Lens  
Electronic Conduction  
Electronic Keys  
Electronic Switching  
Electron Transit Time  
Electronic Voltage Regulation 
Electrons  
Electrostatic Coupling 
Electrostatic Deflection 
Electrostatic Field  
Electrostatic Shield 
Element Spacing, Antenna 
Emergency Cobrdinator  
Emergency Power Supply  
Emission, Electron  
Emission, Grid  
Emission, Secondary  
Emmisrsion, Thermionic  
End Effect  
End-Fire Arrays 
Energy  
Energy Relationships  
Excitation  
Excitation, Grid  
Exciter Units (see " Transmitters") 
Extended Double-Zepp Antenna  
F-Layers 81,389-390 
Fading  83 
Farad  
Faraday Shield 
Feed, Series and Parallel 
Feed-Back 
Feeders and Feed, Systems  
Feeding Close-Spaced Antenna Arrays 
Feeding Half-Wave Antennas 
Fidelity 
Fields  
Field-Strength Meters 
Filament  
Filament Center-Tap 
Filament Supply 
Fills and Repeats 
Filter, Crystal  
Filter Resonance 
Filters 
Filters, Keying 
Filters, R. F  
First Detector  
Flux Density, Magnetic  
Flux, Leakage  
Flux, Lines of .   

PAG11 
354 
371 
12 

 416-417 
181-182 
64-85 

58 
242-243 

12 
457 

150-153 
358 
168 
236 
97 

76,143 
503 
365 
153 

74 
 246-248 

63 
76 

391 
94 

 283-284 
 253-254 

77,459 
22 
81 
31 
20 
162 
44 

17-58 
356 
60 
27 
18 

488 
17 
17 
18 

151,197-220 
485 
18 

272 
74 

457 
 244-245 

17 
 51-52 

488 
17 

 348-349 
  372 
533,544 
253-261 

59-60 
186 
69 

59-60 
356 

368-387 
25-26 

44 
161 
75 

368 

27 
 348-349 

55 
 67-88,135-136,315 

327,353 
372,373 
357-359 

 87,103,282 
17 

 482-484,490-491 
59 

  72 
 249-250 

528-529 
116 

  238 
 235-239, 550-551 

266-267 
266 
96 
17 
45 
17 



Fly-Back  
Focusing Electrode  
Folded Dipole 
Force, Electromotive  
Force, Linea of  
Frequency  
Frequency Allocations, Amateur  
Frequency, Audio  
Frequency, Critical  
Frequency Deviation  
Frequency Doublers  
Frequency Drift  
Frequency Inductance and Capacitance Chart  
Frequency Measurement: 
Absorption Frequency Meters  
Frequency Standards  
Heterodyne Frequency Meters  
Lecher Wires  
V.H.F. Wavemeter  
WWV Schedules  

Frequency Modulation: 
Constructional: 

Frequency-Control and FM Modulator Unit 
Narrow-Band PM Exciter Unit  

Deviation Ratio  
Discriminator  
Limiter  
Index  
Principles 316-319,415 
Reactance Modulator  320 
Reception 138-139,415-417 

Frequency MutipHers 150-153 
Frequency, Radio  20 
Frequency, Resonant  
Frequency Response  
Frequency Response, Restriction of 293-294,306-307 
Frequency Spectrum 20-21 
Frequency-Wavelength Conversion  20 
Gaseous Conduction  18 
Gaseous Regulator Tubes 243-244 
Gasoline-Engine-Driven Generators 259-261 
Genemotors  254 
Grid 61-62 
Grid Bias 64-65,156-161 
Grid-Bias Modulation 276,278-281 
Grid-Cathode Capacitance 68-69 
Grid Condenser  74 
Grid-Control Rectifiers  74 
Grid-Controlled Rectifier Keying  265 
Grid Current  62 
Grid-Dip Meter 482-484 
Grid Emission  166 
Grid Excitation  75 
Grid Keying  265 
Grid Leak  74 
Grid-Leak Calculation  161 
Grid-Leak Detectors  89 
Grid Neutralization 149-150 
Grid-Plate Capacitance 68-69 
Grid-Plate Oscillator 152-153 
Grid-Plate Transconductance  63 
Grid, Suppressor  70 
Grid Voltage  
Ground  
Ground Effect 354-356 
Ground Waves 79-80 
Grounded-Grid Amplifier  71 
Grounded-Plate Amplifier 358-459 
Guye, Antenna 380-381 
Half-Wave Antenna 356-359 
Half-Wave Rectifiers  232 
Halyards, Antenna  381 
Harmonic  19 
Harmonic Distortion   84-85 
Harmonic Generation 151-153 
Harmonic Operation of AAnntetennnnasas359-363 
Harmonic Suppression 166,306-307 
Hartley Circuit 75,141,142 
Headphones 93-94 
Heater  60 
Henry  
Hertz Antenna  
Heterodyne Reception  
High-C Circuit  
High Frequencies  20 
High-Frequency Receivers 85-139 
High-Pass Filters  551 
High-Q Circuits  50 
High-Vacuum Rectifiers 233-234 
Hiram Percy Maxim Memorial Station 12,544 
History of Amateur Radio 9-16 
Hum 91-92,136,314-315 
Hysteresis  31 
I (Current)  22 
Image, A.F   115 
Image, R.F  98 
Impedance 40-43,277 

PAGE PAGE 
486 Impedance, Antenna 354-357,360-361 
485 Impedance-Coupled Amplifiers  65 

358,446 Impedance Matching 46,306,445-448 
18 Impedance Ratio, Transformer 45-46 
17 Impedance, Transmission-Line 336-337 
19 Impedance, Surge 328,338-337 

rs 

16 Impedance Transformer 33,339-340 
20 Indicators, Tuning 114-115 
80 Inductance 29-33 
316 Inductance, Capacitance, and Frequency Chart  554 

150-153 Inductance, Critical  237 
76 Inductance, Distributed  58 

554 Inductance, Leakage  45 
Inductance Measurement 488-489 

474-476 Inductance, Mutual 32-33 
471 Inductances in Series and Parallel  32 

471-474 Inductive Capacitance, Specific  28 
476-478 Inductive Coupling 52,153-154 
475-476 Inductive Neutralization  150 

473 Inductive Reactance 38-39 
Infinite Impedance Detector  90 
Input Choke  237 

321-322 Insulators  18 
323-324 Interelectrode Capacitances 88-89,162 

318 Intermediate Frequency  96 
416-417 Intermediate-Frequency Amplifier 102-107,115-117 
415-416 Intermediate-Frequency Bandwidths, Table  104 

317 Intermediate-Frequency Noise Silencer  109 
Intermediate-Frequency Transformers  104 
International Amateur Radio Union  10 
Interruption Frequency  395 
Intetage Coupling 153-156 
Inverse Peak Voltage  234 

47 Inversion, Dynamic  391 
282,286 Inversion, Nocturnal  391 

Inversion, Phase  288 
Inversion, Temperature  391 
Ionization 80-83,389-392 
Ionosphere 79-84 
Ions  18 
Isolating Amplifiers 155-156 
"J" Antenna  445 
Key Chripe 263,269 
Key, How To Use  15 
Keying: 
Back-Wave  262 
Break-In 263,271-272 
Electronic Keys  272 
Key-Click Reduction 266-267 
Methods: 

Blocked Grid  265 
Cathode or Center-Tap 265-266 
Grid-Controlled Rectifier  264 
Plate 283,264 
Power Supply  264 
Primary 264-265 
Screen Grid 263-264 
Suppressor Grid  265 
Tube Keyer  267 

Monitoring 27Q-271,478 
Oscillator Keying 269-270 
Parasitic Clicks 165-166 

63 Relays  266 
56 Kilocycle  20 

Kilohm  23 
Kilovolt  23 
Kilowatt  23 
Kilowatt Hour  26 
Kinescopes (Table) 588-589 
Klystrons 458-459 
L (Inductance)  30 
LC Constants  51 
L/C Ratios 50-51 
L-R Time Constant  35 
" L "-Section Filters 550-551 
Lag Circuits  266 
Lag, Current  35 
Laminations  31 
Laws Concerning Amateur Operations  
Laws, Electrical 

29 Lazy-H Antenna 
356 Learning the Radiotelegraph Code  

Lecher Wires  
License Manual, The Radio Amateur's 
Licenses, Amateur  
Lighthouse Tubes  
Lightning Protection  
Limiter, .FM  
Line Filters  
Line-of-Sight Transmission  
Line-Voltage Adjustment  
Linear Amplifiers  
Linear Antenna Transformers 
Linear Sweep 486,488-489 
Lines Flux  17 
Lines of Force  17 
Lines, Non-resonant, Resonant, Two-Conductor . . 334-335 

13,509,540 
 17-58 
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Link Coupling 53-54, 153-154, 345 
Link Neutralization  149-150 
Load 48, 51 
LOad Impedance  277 
Load Resistor  61 
Long-Wire Antennas 359-381, 450 
Loops  330 
Losses, Hysteresis 31-32 
Loudspeakers 93-94 
Low-C Circuit  50 
Low Frequencies  20 
Low-Level Modulators 321-324, 418-421 
Low-Pass Filters 550-551 
Lumped-Constant Circuits  456 
Magnetizing Current  44 
Magnetrons 459-460 
Masts 378-380 
Maximum Usable Frequency  80 
Maxwell-Bridge Standing-Wave Indicator  492 
Measurements: 
Antenna 490-494 
Capacitance 488-489 
Current 483-488 
Frequency 471-478 
Inductance 488-489 
Modulation 482-483, 491-494 
Power 483-486 
Resistance 483-486 
Standing-Wave Ratio 491-494 
Voltage 483-486 

Measuring Instruments 
Megacycle  
Megatrons  457 
Megohm  21 
Mercury-Vapor Rectifiers 74,234 
Message Handling 521-530 
Meteor Trails 83,391 
Meter Switching   167 
Mho  22 
Microampere  21 
Microfarad and Micromicrofarad  26 
Microhenry  30 
" Micro-Match " 371, 491-492 
Microphones 282-284 
Microwaves (See also " Very-High Frequencies ") 454-470 
Milliammetera 60, 484-485 
Milliampere  20 
Millihenry  30 
Millivolt  21 
Milliwatt  21 
Mixera  96 
Mobile Antennas 450-451 
Mobile, Receiving Equipment for 2,8 and 10 Metera406-415 
Modes of Propagation  467 
Modulation: 
Adjustments and Testing 308-315 
Amplitude Modulation 273, 274-315 
Cathode Modulation 278, 281-282 
Characteristic  278 
Choke-Coupled Modulation  278 
Depth  317 
Envelope 311-312 
Frequency Modulation 273, 318-328 
Grid-Bias Modulation 278, 278-281 
Heiaing Modulation  278 
Impedance 277,281 
Index 317-318 
Linearity 276, 277 
Methods  273 
Monitoring 478-479 
Narrow-Band Frequency Modulation 318-319 
Percentage 274-275 
Phase Modulation 273, 317-328 
Plate Modulation 276-278 
Power   275 
Suppressor Modulation 280-281 
Test Equipment 315, 487-488 
Velocity 457-458 
Waveforms 311-312 

Modulators 305-308 
Monitors 268, 270-271, 478-479 
Motorboatmg  138 
Mu (u)  63 
Mu, Variable 70-71 
Multiband Antennas 381-363 
Multielement Tubes  74 
Multihop Transmission  83 
Multimeters 480-482 
Multipliers, Voltage 246-248 
Multipurpose Tubes  74 
Multipliers, Frequency 480-482 
Multipliers, Voltmeter 479-480 
Multirange Meters 484-488 
Mutual Conductance  83 
Mutual Inductance  32 
NBFM Reception 138-139 
NBS-ARRL 28-Mc. Observing Project 78,84 

 471-494 
20 

PAGE 
Narrow-Band Frequency Modulation 318-319 
Negative Feed-Back 67-88, 303-305 
Negative Resistance  77 
Negative-Resistance Oscillators 78-77, 459 
Neutralization 148-150, 184-165 
Nodes  330 
Noise 86, 107, 314-315 
Noise Reduction 107-109, 256, 281 
Nonconductors  18 
Nonreeonant Lines 334-335 
Ohm  21 
Ohm's Law 22-23, 25, 167 
Ohm's Law for A.0 39, 41,42 
Ohmmeters 480-482 
Open-Wire Line  338 
Operating Bias 159-161 
Operator's License, Amateur  13 
Oscillation   68 
Oscillator Keying 289-270 
Oscillators, Negative-Resistance 76-77, 459 
Oscillators, Teat 482-484 
Oscilloscope Amplifiers 488-490 
Oscilloscope Patterns 312, 417,486 
Oscilloscopes 485-490 
Output Capacitance, Tube  69 
Output Limiting 292-293 
Output Power 68, 145, 161 
Output Voltage 238,239 
Oxide-Coated Cathode  60 
Overexcitation  308 
Overmodulation  275 
Overmodulation Indicators 315, 478-479, 485-490 
P (Power)  25 
Padding Condenser  95 
Parabolic Reflectors  456 
Parallel Amplifiers  67 
Parallel Antenna Tuning 343-345 
Parallel Capacitances 28-29 
Parallel Circuits 23-25, 2&-29, 32 
Parallel-Conductor Line  336 
Parallel Feed  55 
Parallel Impedance 41-42 
Parallel Inductances  32 
Parallel-Line Oscillators  32 
Parallel Resistances 23-25 
Parallel Resonance 49-50 
Parallel Tuning 343-345 
Parasitic Elements  371 
Parasitic Oscillations 165-166 
Patterns, Oscilloscope 312, 417,488 
Patterns, Radiation 357, 360, 361 
Peak-Current Value  20 
Peak Voltage Rating  234 
Pentagrid Converters  98 
Pentode Amplifiers  70 
Pentode Crystal Oscillators  145 
Pentodes 69-71 
Percentage of Modulation 274-275 
Per Cent Ripple  235 
Permeability  31 
Phase  35-36 
Phase Inversion  288 
Phase Modulation 273, 317-328 

139 
84 

Phase-Modulation Reception  
Phase Relations, Amplifiers  
Phased Antennae  367 
'Phone Reception 134-135 
Phonetic Alphabet  521 
Pi-Section Filters 550-551 
Pierce Oscillator 145, 153, 170-173, 184-187 
Piezoelectric Crystals  54 
Piezoelectric Microphone  283 
Plane-Reflector Antennae  452 
Plate  60 
Plate-Cathode Capacitance  68 
Plate-Circuit-Efficiency-Driving-Power Curve  162 
Plate-Current Shift 313-314 
Plate Detectors 89-90 
Plate Dissipation 181-162 
Plate Efficiency  162 
Plate Modulation 276-278 
Plate Neutralization 148-149 
Plate Resistance  63 
Plate Supply 307-308 
Plate Transformer 239-242 
Plate Tuning, Power-Amplifier  163 
Plates, Deflection  486 
Polarization 79, 354-356, 488 
Portable Antennas 450-451 
Positive Feed-Back  68 
Pot Tank Circuits  456 
Potential Difference 23-25 
Power  25 
Power Amplification 65-87 
Power Factor  42 
Power Gain, Antenna   354, 360-381 
Power Input  61 
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Power Measurement 25,479-482 
Power Output 44,66,161 
Power, Reactive  39 
Power Sensitivity  67 
Power-Supply Keying 264-265 
Power-Supply Construction Data  251 
Power Supplies: 
£C.-D.C. 246-248 
A.C.-D.C. Converters  254 
Bias Supplies 248-249 
Combination A.C.-Storage Battery Supplies. . .  256-258 
Constructional (See also Chapters Five and Six): 

250-Volt 35 Ma. Receiver Supply 243-244 
1000/400-Volt 125/150-Ma. Dual Supply  247 
Heavy-Duty Regulated Power Supply  245 

Dry Batteries  261 
253-254 Dynamotors  

Emergency Power Supply 253-261 
Filament Supply 249-250 
Genemotors  254 
Generators, Gas-Driven (Table)  259 
Noise Elimination 256-261 
Plate Supply  232 
Principles  232 
Vibrators  255 
Vibrator Supplies (Table)  258 

Preferred Values, Component  506 
Preselectors  117 
Primary Coil  43 

264-265 Primary Keying  
Propagation, Ionospheric 80-84 
Propagation Modes  467 
Protective Bias 159-161 
Pulling  97 
Pulsating Current  54 
Puncture Voltage  . 28 
Push-Pull Amplifiers  67 
Push-Pull Multiplier  150 
Push-Pull Neutralization  149 
Push-to-Talk  500 
9  48 
' Q" Antenna  369 
Q, Loaded Circuits  50 
Q"-Section Transformer 369,445 

QST  12 
Quarter Wave  368 
Quench Frequency  395 

(Resistance)  
R.F.  
R.M.S. Current Value  
Radiation  
Radiation Angle 82,354,355 
Radiation Characteriaitics  357 
Radiation Patterns 356-357,360,361 
Radiation Resistance 376-377 
Radio Frequency  20 

342-343 Radio-Frequency Ammeters  
147-150 Radio-Frequency Amplification  

Radio-Frequency Amplifiers (receivers)  117 
Radio-Frequency Choke Coil  55 
Radio-Frequency Feed-Back  

147-315015 Radio-Frequency Power-Amplifier Circuits  
Radiotelegraph Operating Procedure 517-519 
Radiotelephony: 

310-315 Adjustments and Testing  
306-307 Audio-Harmonic Suppression  

Class-B Modulators 305-309 
Checking FM and PM Transmitters 324-326 
Constructional. 

6-Watt P.P. 2A3 Speech Amplifier and Driver with 
Volume Compression 292-293 

8-Watt Speech Amplifier, Push-Pull Triodes . .  290-291 
100-Watt 807 Speech Amplifier/Modulator.  299-301 
350-Watt 'Phone-OW. Transmitter 221-220 
Frequency-Control and FM-Modulator Unit.  321-322 
High-Power Modulators  307 
Narrow-Band PM Exciter Unit 323-324 

Measurements 310-315 
Microphones 282-284 
Moduktion 273-282 
Modulator Plate Supply 307-308 
Monitors 478-479 
Output Limiting 292-293 
Overmodulation Indicators  315 
Principles  273 
Reception 138-139 
Resistance-Coupled Speech-Amplifier Data  287 
Speech Amplifiers 282-305 
Volume Compression 292-293 

Radio Waves, Characteristics of 78-80 
Range, V.H  F  389 
Ratio, Impedance  45 
Ratio, Turns  43 
Ratio, Power-Amplification  67 
Ratio, Voltage-Amplification  64 
Ratio, L/C 50-51,156-158 
Reactance, Capacitive 
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Reactance, Inductive 38-39 
Reactance, Leakage  45 
Reactance Modulation  320 
Reactance, Transmission-Line  333 
Reactive Power  39 
Readability Scale  557 
Receivers, High-Frequency: 
Antennas for 376-377 
Constructional: 

1-Tube Converter for 10 and 11 Meters 128-130 
2-Tube Superheterodyne (6K8-68N7) 100-102 
3-Tube Converter for 28 to 50 Mc 406-411 
6-Tube General-Coverage and Bandspread Super-

heterodyne 110-114 
8-Tube Regenerative S.S. Superheterodyne .  119-123 
Antenna Coupling Unit for Receiving 126-127 
Audio Noise Limiter 107-108 
Bandpass Converter for 14, 28 and 50 Mc. (see 
also" Very-High Frequencies Receivers") . . 130-134 

Signal-Strength Indicator 114-110 
Triode Preamplifier 124-126 

Rectification  61 
Rectifiers 74,233,235 
Rectifiers, Grid-Control  74 
Rectifiers, Mercury-Vapor 74,234 
Reflected Impedance  46 
Reflected Waves  330 
Reflection of Radio Waves  79 
Reflection from Meteor Trails  391 
Reflection, Ground 354-356 
Reflector  371 
Reflector Electrode  458 
Refraction of Radio Waves  79 
Regeneration  90 
Regenerative Detectors 90-92 
Regenerative L F. 115-116 
Regulation Voltage 243-245 

Principles, Design and Construction 85-139 
Receivers, V.H.F. (See " Very-High Frequencies"). 
Selectivity  86 
Sensitivity 123-124 
Servicing 136-138 
Tuning 134-135 

Regulations, Amateur 13,509,540 
Regulator Tubes 243-244 
Regulator, Voltage  244 
Relaxation Oscillator 77,459 

22 Resistance 21-26 
20 Resistance-Bridge Standing-Wave Indicator 497-498 
22 Resistance-Capacitance Filter 550,551 

335 Resistance-Capacitance Time Constant  34 
Resistance-Coupled Amplifier Data (Chart)  287 
Resistance Coupling  65,286 
Resistance Measurement 480-482 
Resistance, Negative  77 
Resistance, Radiation 376,377 
Resistance, Temperature Effects  22 
Resistance, Transmission-Line 332-333 
Resistance, Wires 21-22 
Resistances in Series and Parallel 23-25 
Resistor  22 
Resistor Color Code  507 
Resonance 47-50,238 
Resonance Curve 47-50,86 
Resonance, Sharpness of 47-48,373-376 
Resonant Cavity 463-464 
Resonant-Line Circuits 454-456 
Resonant Transmission Lines 334-335 
Resonator, Cavity 467-468 
Response Frequency  282 
Restricted-Space Antennas 362-363 
Restriction of Frequency Response 293-294 
Rhombic Antenna 364-365 
Rhumbatrona 458-450 
Ripple Frequency and Voltage  235 
Rochelle Salta Crystals  54 
Rotary Antennae  37 
Rotary-Beam Construction 382-388 
S-Meter Circuits 109-110 
S-Meters 114-115 
S Scale  557 
Saturation Point  61 
Sawtooth Sweep 488-489 
Scatter. .   82 
Screen By-Pass Condenser  73 
Screen Dissipation 161-162 
Screen-Dropping Resistor  73 
Screen-Grid Amplifiers 162-164,277-278 
Screen-Grid Keying 263-264 
Screen-Grid Tubes 69-71 
Second Detector 96,105 
Secondary Coil  43 
Secondary Emission  69 
Selectivity 53 
Selectivity Control  104 
Selectivity, Receiver 85,86 

37 Selenium Rectifiers  234 
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Self-Bias 159-161 
Self-Controlled Oscillators 141-145 
Self-Inductance  29 
Self-Oscillation  74 
Self-Quenching  396 
Sensitivity, Receiver 85-88,123-124 
Series Antenna Tuning 343-345 
Series Capacitances 28-29 
Series Circuits 23-25,28-29,32 
Series Feed  55 
Series Inductances  32 
Series Resistances  23 
Series Resonance  47 
Series Voltage-Dropping Resistor  242 
Service Message  529 
Sharp Cut-Off Tubes  62 
Shielding 57-58 
Shields  58 
Shields, Electrostatic 348-349 
Shot Noise  107 

e Shunts, Meter 483-484 
Sidebands 273-274 
Signal Generators 482-484 
Signal-Handling Capability  87 
Signal-te-Image Ratio  96 
Signal Monitor 268,270-271,478-479 
Signal-Strength Indicators 109-110 
Signal-Strength Scale  557 
Silencers, Noise 107-109,256,261 
Sine Wave  19 
Single-Ended Circuits  57 
Single-Signal Reception  115 
Skip Distance 82-83 

86 Skirt Selectivity  
Skywave 79-80 
Smoothing Choke  237 
Socket Connections (Diagrams) 565-571 
Solar Cycle  389 
Soldering  505 
Space Charge  59 
Space Wave 80 
Spectrum, Frequency 21-22 
Speech Amplifiers 284-305 
Speech Clipping and Filtering 293-297 
Speech Equipment 282-309 
Speech Intelligibility  274 
Speech Waves  275 
Sporadic-E Layer Ionization 82,390 
Spurious Responses 97,135 
Spurious Sidebands  275 
Squegging  99 
Stability, Receiver  87 
Stacked Arrays 447-448 
Stage Gain  286 
Stagger-Tuning  53 
Standard Component Values  506 
Standards, Frequency  470 
Standing Waves 329-335,359,491 
Standing-Wave Ratio 334,371,491-494 
Static Characteristics  62 
Station Control Circuits 252-253,496 
Straight Amplifier  147 
Stray Coupling 347-349 
Stray Receiver Rectification  512 
Striking Voltage  488 
Stubs, Antenna-Matching 369-371 
Subsidence Inversion 391-392 
Sunspot Cycle  389 
Superheterodyne 96-139,394-395 
Superhigh Frequencies  

(see also " Very-High Frequencies") 
Superregeneration 395-399 
Suppressor Grid  70 
Suppressor-Grid Keying  265 
Suppressor-Grid Modulation 280-281 
Suppressor, Noise  109 
Surge Impedance  328 
Sweep Circuits  489 
Sweep Waveforms  489 
Swing, Grid  82 
Swinging Choke  237 
Swinging Link  343 
Switching, Antenna  377 
Switching, Control-System 252-253 
Switching, Meter  167 
Synchronous Vibrators  255 
"T" Match to Antennas 445-446 
" T"-Section Filters 550-551 
Tank-Circuit Q  50 
Tank Constants  158 
Temperature Effects 21-22 
Temperature Inversion  391 
Termination, Line 332-334 
Tertiary Winding  104 
Tetrode  69 
Tetrode Amplifiers 147-148 
Tetrode Crystal Oscillators  145 

Troposphere Propagation 
Tropospheric Bending 391-392 
Tropospheric Waves 79-80 
Trouble Shooting (Receivers) 136-138 

20 Tube Keyer  267 
Tube Noise  86 
Tuned-Grid Tuned-Plate Circuit 75,141-142 
Tuned Transmission Lines  335 
Tuners, Antenna, Construction of: 

Bandswitching Universal Coupler 351-352 
Low-Power Rack-Mounted Antenna Coupler 350-351 
Receiver Coupler 126-127 
Series-Parallel Coupler for Wall Mounting.... 350 
Wide-Range Antenna Coupler 

Tuning 
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Velocity-Modulated Tubes 458-460 
Velocity Modulation 457-458 
Velocity of Radio Waves  20 
Vertical Amplifiers  489 
Very-High Frequencies: 
Antenna Systems: 

Coaxial Antenna  451 
Corner-Reflector Antenna 452-453 
Cylindrical Antennae 455-456 
Delta Match  445 
Design Factors  444 
Directive Arrays 446-453 
Folded Dipole  446 
"J" Antenna  445 
Long-Wire Antennas  450 
Mobile Antennae 450-451 
Parabolic Reflectors  453 
Plane-Sheet Reflectors  452 
"Q" Section  445 
Stacked Antennas 447-448 
" T"-Match 445-446 
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Receivers: 

8-, 10- and 11- Meter Mobile Converter 412-415 
50-Mo. Two-Tube Converter 399-401 
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144-Mc. Crystal-Controlled Converter 401-402 
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14-, 28- and 50-Mc. Transmitter 424-427 
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420-Mc. Transmitter 463-485 
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Low-Cost 2-Meter Transmitter 431-434 
Low-Power 50-Mo. Transmitter 441-443 
MOPA Transmitter for 144-Mc 427-429 
Mobile Transmitter for 50 and 28 Mc 434-438 

Techniques 392-393 
Transceivers  443 
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Voltage Dividers 242,243 
Voltage Distribution, Antenna  359 
Voltage Drop 23-24 
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4 Modern Communications Receivers 
by ; -bractL  

EST. 1914 

Building communications receivers to the standards set by our experienced engineering depart 
ment for over two decades, National has prided itself on the performance of its receivers it 
the specialized markets for which they have been designed. 

National post-war receivers incorporate the newest circuit techniques and offer the operato 
the maximum value per dollar spent. 

National standards are upheld in the 1948 receivers shown on these pages. 

Your National distributor will have these modern receivers on display at your favorite 
radio store. 

c.'eteelt HRO-7 

Known and used by hams the world over for 
13 years, the old HRO now has a new suc-
cessor — the HRO-7 — incorporating every 
one of its strong points and adding a num-
ber of modern refinements. Still present is 
excellent signal noise ratio and image 
rejection. 

Brand new features include: automatic adjust-
able-threshold noise limiter; stabilized voltage 
supply for new high frequency oscillator; 
tone switch ; accessory connector socket; and 
radio-phono switch. 

Special improvements have been added, 
such as slide-rule type calibration on coil 

sets and lever-type handles to facilitate coi 
changing. The HRO-7 is housed in a stream. 
lined gray cabinet with matching speaker. 

FEATURES: 

• Frequency Range of 50 to 430 and 480 to 30,000 KC. 

• AM phone and code reception with maximum band. 

spread. 

• Accessory Connector Socket. 

• New automatic noise limiter with variable threshold. 

• 5 position wide range crystal filter with phasing 
control. 

Wrinkle OeC pOineilitthx,e..jecei;;er Combination, 

hi gh. Mounted in Table Ras 

'; ftenclieur Net. $3 
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Newest in National's line of communi-

cations receivers is the band-switching 

NC- 183, covering 0.54 to 31 Mc. plus 

the 6 meter band. Two r.f. amplifier stages provide excel-

lent image rejection. National's latest crystal filter and auto-

matic adjustable threshold double-diode noise limiter cir-

cuits are incorporated in the NC- 183. 

Adjustable sensitivity control for " S" meter operation on 

either c.w. or phone is a feature of this receiver. Stabilized 

voltage regulator circuits make the NC- 183 an excellent 

performer on the highest frequencies. A push-pull audio 

output stage with separate 10" speaker allows excellent 

fidelity of output. These, plus other features, combine to 

make the NC- 183 a really '' hot" receiver. It will become a 

favorite with those stations that specialize in digging DX 

out of the background. 

Supplied for 115 volts 50 60 cycle AC operation — easily 

adapted to 230 volts. 

Amateur Net Price (complete with 10" speaker( .. $269.00 

HFS An up-to-date successor to the famous 

National 1-10, the HFS is a new vhf. 

superheterodyne receiver with a super-

regenerative second detector. The frequency range of the 

HFS is 27 to 250 mc., continuous coverage with six sets of 

coils. 

The model HFS is capable of receiving CW and AM or FM 

signals, and is readily adaptable to portable or mobile 

operation. An antenna trimmer control is conveniently located 

on the front panel. 

The HFS is extremely versatile in v.h.f. operation for an if. 

output jack is incorporated, permitting it to be used as a con-

verter in conjunction with any conventional superhet receiver 

which tunes 10.7 mc. As a converter, the H F5 and superhet 

combination results in dual conversion type superheterodyne 

operation with all its advantages, including excellent image 

rejection at all frequencies from 27 to 250 mc. 

See your National Distributor for Amateur Net Price. 



el A new and versatile receiver, 
popularly priced, the new NC-
173 has received favorable com-

ment on the ham bands from operators whc have 
found it stepped up their percentage of successful 
QS0's. 

The sensitivity and stability of the NC- 173 will 
not only increase your traffic, but will add much 
to your operating pleasure. 

OUTSTANDING FEATURES: 

• Frequency Coverage from 540 KC. to 31 MC. plus 48-56 
MC. 

• Calibrated Amateur Bandspread on 6, 10-11, 20, 40 and 
80 meter bands. 

• 5 Position Wide Range Crystal Filter. 

• Double-Diode Automatic Noise Limiter for Both Phone and 
C.W. Reception. 

• A.V.C. for both Phone and C.W. Reception. 

• S Meter with Adjustable Sensitivity for Phone and C.W. 

• A.C. Powered — 110/120 or 220/240 volts, 50/60 Cycle. 
Amateur Net ( with speaker) $189.50 

To meet the needs of the many hams who 
have asked for a sensitive, first-rate 
bandswitching receiver in the lower price 

bracket, complete with speaker and power supply in one cabi-
net, the National Company has developed the brand new 
NC-57. 

Although moderate in price, this little receiver incorporates 
features usually found in the more expensive models. Excellent 
tone quality, sensitivity, selectivity and high signal-to-noise 
ratio afford a level of performance which will be appreciated 
by any operator. A superb receiver for the beginner, the 
NC-57 will be found ideal as a standby in any amateur station. 

FEATURES: 
1. Continuous frequency coverage from 550 kc to 55 mc. 

Bandswitching in 5 ranges. Bandspread tuning at any fre-
quency. 

2. Seven tube superheterodyne ( plus rectifier and voltage 
regulator). 

1. Automatic Noise Limiter. 
4. Built-in loudspeaker and A.C. power supply. 
5. R. F. stage with panel controlled antenna trimmer. 
6. Operates from 105-130 volts, 50-60 cycles A.C. ( Provision 

for battery operation.) 
7. Housed in a streamlined gray cabinet. 
Amateur Net $89.50 



er For hams who appreciate engineering, 

the NC-2-40D will be a thoroughly satis-

fying possession. Used by airlines and 

communications companies throughout 

he world, the NC- 2-40D has become famous for its ability to 

iick up weak signals, and its fine stability. 

1/4 10" speaker and a hi- fidelity push-pull audio system af-

ord tone quality that will please the most critical operator. 

1/4 series valve noise limiter minimizes noise pulses. 

his is a receiver for the ham who demands superb per-

ormance. 

'EATURES: 

Frequency Coverage from 490 to 30,000 kc. Four Amateur 

Bands ( 10-11, 20, 40 and 80 meters) with uniform band-

spread. 

8 Watts of undistorted audio. 

5 Position wide range Crystal Filter. 

Single control for band changing and tuning. 

Temperature Compensation. 

Amateur Net ( with le speaker)  $241.44 

The National NC-46 is a communica-

tion- type A.C.-D.C. receiver of es-

ceptional performance and unique 

design. Hams and SWLs having only 

D.C. available have found the NC-46 a most capable per-

former. 

Many vessels of the Boston and Gloucester fishing fleets have 

this receiver aboard for entertainment while at sea, and as a 

supplement to their ship- to- shore radiotelephones. 

In the lower price brackets the NC-46 is the foremost " quality.' 

receiver on the market today. 

The loudspeaker is housed in a separate matching cabinet. 

FEATURES: 
• Continuous frequency coverage from 540 Kc to 30 mc. Band 

spread tuning at any frequency. 

• Nine tube superheterodyne ( plus rectifier). 

• Automatic Noise Limiter. 

• Operates from 105-130 Volts A.C. or D.C. 

• Push-pull audio stage delivers 4 watts to speaker. 

• Easy to read, slide-rule type dial. 

• Amateur Net (with speaker) $107.40 



Modern Radio Components 
by -nl-ieeaz-

National radio components have been stand-

ardized in radio circuits for many years. They 

have been voted the favorite brand by thous-

ands of amateurs and the National NC signa-

ture has become a guarantee of quality. 

Listed in these few pages are typical National 

products. National's 1948 complete catalog of 

FEATURES: 

radio products, available soon, will feature 

new items, designed for present-day applica-

tions. In addition, hundreds of components will 

be listed and recognized as repeat performers 

by the designer or builder of radio equipment. 

Get your copy of the new National catalog 

from distributor or write direct to factory. 

NEW NATIONAL MULTI-BAND TANK 

• Tunes amateur bands from 80 to 10 

meters with single 180° rotation of 

capacitor from front- of- panel. 

• link pick-up coil matches impedances 

up to 600 ohms. 

• Split- stator capacitor rated at 1500 

volts peak. 

• Input 100 watts for push-pull or bal-

anced single-ended operation. 

• Dimensions 71/2" long-7" high-3" Wide. 

• Rugged construction with ceramic in-

sulation. 

8 
SWITCH TO SAFETY AND 

CONVENIENCE! 

MB- 100 Amateur Net 

$1 8.75 



NATIONAL 

DIRECT CALIBRATION DIALS 

Supplementing National's Famous ACN Dial 

— A Whole New Line of Dials Designed for 

Every Amateur's Requirements. Each one incor-

porates the noted Velvet-Vernier Mechanism, 

providing smooth action and no backlash. 

ACN Amateur Net $3.30 

With the introduction of the ICN, SCN and 

MCN dials, National has recognized and met the 

requirements of the amateur for a versatile line 

of dials for every size and shape of rig. All of 

these dials embody the same 5:1 drive ratio 

Velvet-Vernier mechanism that has made the 

ACN dial the standard of comparison among 

constructors everywhere. No other line of dials is 

so complete or permits such precision tuning. 

MCN 

37/8" W. 
21/4 " H. 

ACN 

71/4  W. 
5" H. 

The ICN dial meets those hundreds of re-

quests from amateurs the world over for an 

illuminated ACN dial. Two dial light brackets 

are mounted on the top rear corners of the dial 

and provide efficient and even illumination on 

all bands. The dial scale has been blanked out 

in semi-circular shape to prevent shadow casting. 

Dial scales are the same as those on ACN dial. 

Amateur Net $6.00 

The SCN dial provides the same dial scales as the 

ACN dial but in a reduced size. It is used where econ-

omy of panel-mounting space is desirable and where 
a smaller dial would be out of proportion with the size 

of the panel. A truly professional appearance can now 

be given your rig. Amateur Net.   $3.00 

The MCN dial has been scaled down to lend itself ideally 

to mobile installations and small converters and tuners. It 

may also be mounted on the standard 3-7/32" 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, ( rear of panel) the mechanism extends 14 

below the dial frame. Amateur Net. $2.70 

See this complete line of dials and other precision 

National parts at your nearest National distributor. 

Write to us direct for any information you may desire. 



Type N 

Type 8 

NATIONAL 

VELVET VERNIER 

DIALS 

The four-inch N and AD Dials have engine 

divided and die stamped scales re-

spectively. The N Dial has a decimal 

vernier; the AD Dial employs a pointer. 

The planetary drive has a ratio of 5 to 1, 

and is contained within the body of the 

dial. 2, 3, 4 or 5 scale. Fits 1/4 " shaft. 

Specify scale. 

N Dial $4.50 Amateur Net 

AD Dial $2.84 Amateur Net 

"VELVET VERNIER" DIAL, TYPE B 
has a compact variable ratio 6 to 1 minimum, 20 to 1 

maximum drive that is smooth and trouble free. The case 

is black bakelite. 1 or 5 scale. 4" diem. Fits 1/4 " shaft. 

B Dial $2.70 Amateur Net 

BM Dial, 3" diam. $2.10 Amateur Net 

KNOBS 

The original "Velvet Ver-

nier" mechanism is now 

available in a metal skirted 

dial 3" in diameter. The 
planetary drive has a ratio 

of 5 to 1. It is available 

with 2, 3, 4, 5 or 6 scale 

and fits Vs" shaft. 

AM Dial  

$2.25 Amateur Net 

Type AM 

Type BM 

DIAL SCALES 

1 DIRECTION OF CONDENSER SCALE DIVISIONS ROTATION ROTATION FOR INCREASE 
OF DIAL READING 

1 0-100-0 180° Either 
2 0-100 180' Counter Clockwise 
3 100-0 180° Clockwise 
4 150-0 270° Clockwise 
5 200-0 360° Clockwise 
6 0-150 I 270° Counter Clockwise 

SPECIFY DIAL SCALE WHEN ORDERING 

HRK ( Fits 1/4 " shaft)  $.37 

Black bakelite knob 21/2 " diam. 

HRP-P ( Fits 1/4 " shaft)  $.24 

Black bakelite knob 11/4 " long and 
1/2 " wide. Equipped with pointer. 

HRP  $.18 

The type HRP knob has no pointer, but is 
otherwise the same as the knob above. 

The HRT is a new plastic tuning knob 
with a chrome plated appearance 
circle. The HRT knob fits a 1/4 " dia 
shaft and is 21/2  in. dia. Black or Gray. 

HRT Knob Amateur Net $.75 
The HRS Knobs are a new plastic knob 
with a 11/2 " dia, chrome plated skirt. 
HRS Knobs fit 1/4 " dia. shafts. Three 
types are available as follows: Black 
or Gray. 

HRS-1 Knob ON-OFF through 30° 
rotation  $.51 

HRS-2 Knob 5-0-5 through 180' 

rotation  $.31 

HRS-3 Knob 0-10 through 300' 
rotation  $.51 

{R Dial scale 3 only but marked 10-0; 0,8,1,M, scale 2. 

All fit 1/4" shafts. 

TYPE R 

$ .51 

1 Ya" diameter 

TYPE 0 

$1.00 
31/2 " diameter 

TYPE L 

$1.95 

5" diameter 

TYPE K TYPE M 

$1.50 $2.25 
31/2 " diameter 5" diameter 

ACCESSORIES 
ODL  $.33 
A locking device which clamps the 
rim of 0,K,L and M Dials. Brass, 
nickel plated. 

ODD  $.42 
Vernier drive for 0,L, or other plain 
dials. 

SB ( Fits 1/4 " shaft)  $. 18 

A nickel plated brass bushing 1/2 " 
in diam. 

RSL ( Fits 1/4 " shaft)  $.57 
Rotor Shaft Lock for TMA, TMC 
and similar condensers. 

HRS 2 HRS 3 



NATIONAL TRANSMITTING CONDENSERS 11 

Maximum capacities of TMS sertes 
range from 35 mmfd. to 300 mmfd. 
Split-stator models available. 

TMC 

TMH 

Maximum capacities of TMH series 
range from 35 mmfd. to 100 mmfd. 
Split-stator models available. 

TMK 

Maximum capacities of TMK series 
range from 35 mmfd. to 250 mmfd. 
Split-stator models available. 

Series 
Maximum 
Capacity 

Minimum 
Capacity Length Air Gap 

Peak 
Voltage 

No. of 
Plates 

Catalog 
Symbol 

Net 
Price 

See See .026" 1000v. See See See 

TMS Catalog Catalog 3" .065" 2000v. Catalog Catalog Catalog 

See See 33/4" .085" 3500v. See See See 

TMH Catalog Catalog 53/4 " .180" 6500v. Catalog Catalog Catalog 

See See 23/4 " See See See 

TMK Catalog Catalog 41/8" .047" 1500v. Catalog Catalog Catalog 

See See 
3 ,, See See See 

TMC Catalog Catalog 63/4 " .077" 3000v. Catalog Catalog Catalog 

See See 49,16" .171' 6000v. See See See 

TMA Catalog Catalog 121/4 " .359" 12,000v. Catalog Catalog Catalog  

See See 8516" .469" 15,000v. See See See 

TML Catalog Catalog 18%8" .719" 20,000v. Catalog Catalog Catalog 

Maximum capacities of TMC series 
range from 50 mmfd. to 300 rnmfd. 
Split-stator models available. 

TMA 

Maximum capacities of TMA series 
range from 50 mmfd. to 300 mmfd. 
Split-stator models available. 

TML 

Maximum capacities of TML series 
range from 50 mmfd. to 500 mmfd 
Split-stator models available. 

NATIONAL NEUTRALIZING CONDENSERS 
NC-800A — The NC-800A disk. 

type neutralizing condenser is suitable 

for the RCA-800, 809, 35TG, HK-54, 

5514 and similar tubes. It is equipped 
with a clamp to lock its setting. See 

Catalog for capacity and air gap for 

different settings. 

NC-75 — For 811, 812 etc. 

NC- 150 — For HK354, 250TH etc. 

NC- 500 — For WE-251, 450TH, 

45011, 75011_ etc. 

Disks are aluminum, insulation steatite. 



12 NATIONAL .r. TRANSFORMERS 

IFL, IFM, IFN 
and IFO trans-
formers operate 
at 10.7 Mc. and 
are designed for 
use in AM or FM 
Superheterodyne 
receivers. The 
transformer cans 
are 13/8" square 
and stand 31/4 " 
above the chassis. 

Two 6-32 spade bolts are 
provided for mounting. 

The IFO transformer is a 10.7 

Mc. FM discriminator transformer 
of the ratio type and is linear 
over a band of 100 kc. 

IFL FM Discriminator $6.90 Net 

IFM IF Transformer $6.45 Net 

IFN IF Transformer $6.45 Net 

IFO FM Ratio Discriminator  $6.98 Net 

XR-4, Four prong.. $. 51 

The IFN trans-
former is a 10.7 
Mc. i.f. trans-
former with a 
100 Kc. pass 
band at 1.5 db 
attenuation. Ap-
proximate stage 
gain of 30 is 
obtained with 
IFN transformer 
and 6SG7 tube. 

The I FL transformer is a 10.7 
Mc. FM discriminator transformer 
suitable for use in conventional 
FM receiver discriminator circuit 
and is linear over a band of 
100 Kc. 

The IFM transformer is a 10.7 
Mc. i.f. transformer with a 150 Kc. 
bandwidth at 1.5 db. attenuation. 
Approximate stage gain of 30 is 
obtained with IFM Transformer 
and 6SG7 tube. 

15 Mc. i.f. trans 
formers suitable 
for ultra high fre 
quency superhet 
erodynes. The) 
are made in twc 
models with anc 
without variable 
coupling. Ap• 
proximate stage 

• gain of 10 is ob• 
tamed with IFJ 

or IFK transformer and 6AB7 
tube. 

IFJ, with variable coupling $8.25 

Amateur Nei 

IFK, with fixed coupling $7.25 

Amateur Net 

N.B.F.M. Transformer — Type 
SA4842, as described in Nov. 47 
OS T. Amateur Net $4.50 

NATIONAL SMALL PARTS 

COIL FORMS 

XR-1, Four prong $  33 

XR-2, without prongs $  24 

Molded of R-39, permitting them to 

be grooved and drilled. Coil form 

diameter 1", length 11/2 ". 

XR-3, molded of R-39. Diameter 

Vie", length 3/4 ". Without prongs $.21 

XR-5, Five prong .. $. 51 XR-6, Six prong.. $.60 

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 six- prong form. 

ADJUSTABLE MICA CONDENSER --* 

M-30 — Type M-30 is a small adjustable mica condenser with a maximum capacity 
of 30 mmf. Dimensions 13À6 " x 9/i6 " X 1/2 " . Isolantite base. This condenser has found 

many uses in innumerable electronic circuits Amateur Net $. 22 

ANGLE CONDENSER DRIVE 

This sturdy angle 

drive has many 

uses and will drive 

single or dual shafts 1/4 " in diam-

eter. 

ACD- 1 Amateur Net.... $3.75 

GRID & PLATE GRIPS 

National Safety 

Grid and Plate 

Caps have a cer-

amic body which 

offers protection 

against accidental 

contact with high voltage caps on tubes. 

National Grid and Plate Grips provide a secure 
and positive contact with the tube cap and yet ore 
released easily by a slight pressure on the ear. 

Type 12, for 9A6" Caps 

Type 24, for Mi" Caps 

Type 8, for 1/4 " Caps 

$  06 

$  03 

$  03 

SPP-9—Ceramic insulation. Fits 9/16" diameter 
$.27 

SPP-3—Ceramic insulation. Fits Ye" diameter 
$.21 



CIR SERIES SOCKETS 13 

Type CIR Sockets feature low-loss steatite insu-
lotion, a contact that grips the tube prong for its 
entire length, and a metal ring for six position 

mounting. 
CIR 4, 5, 6, 7$, 8, BE Amateur Net $ .27 

CIR 71 Amateur Net $ . 33 

EXCITER cons AND FORMS 
AR- 16, Coils — Any type (see table). Include PB-16 Plug as illustrated  $ 1.23 

SMH, Swivel mounting hardware Amateur Net $ .10 

TYPE AR- 16 (Air Spaced) 

These air-spaced coils are suitable for use in 

stages where the plate input does not exceed 

50 watts and are available in the sizes tabulated. 

Capacities listed will resonate the coils at the low 

frequency end of the band and include all stray 

circuit capacities. All have separate link coupling 

coils and all fit the XB-16 Socket. 

The XR-16 Coil Form also fits the PB-16 Plug and XB-16 Socket. It 
has a winding diameter of PA" and a winding length of 1 Yi". 

Band End Link 
Cap 
Mmf 

Center 
Link 

Cap 
Mmf 

Swinging 
Link 

Cap 
Mmf 

6 meter AR16-6E 25 AR16-6C 25 
10 meter ARI6-10E 20 AR16-10C 20 AR16-10S 25 
20 meter ARI6-208 26 AR16-20C 26 AR16-205 40 
40 meter AR I 6-40E 33 AR16-40C 33 AR16-405 55 
80 meter AR16-80E 37 AR16-80C 37 AR 16-805 60 

XR-16, Coil Form only ....$ .42 
PB-16, Plug-in Base Only $ .45 
X8-16, Plug-in Socket only. $ .4 S 

XC SERIES SOCKETS 
National wafer sockets have exceptionally good contacts with 

high current capacity together with low loss steatite insulation. 

All types have a locating groove to make tube or coil form in-

sertion easy. These sockets are ideal in experimental layouts 

where coil or tube sockets are called for. 

XC-4 Amateur Net $ . 36 
XC-5 Amateur Net $ .39 
XC-6 Amateur Net $ .42 
XC-75 Amateur Net $ .45 
XC-7 L Amateur Net $ .45 
XC-8 Amateur Net $ .39 

Exciter 
coil 

mounted 
on 
TMK 

condenser 
by use of 

SMH 
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eunGess eATTERIES 

No. 10308. 45 volts. 
Popular heavy-duty 
type. Taps at —, 
+22%, +45. With 
spring clips or 3-hole 
socket. Size eV z 
4Yez7Y16". 

No. 2308. 45 volt 
"B" battery in small-
er size. Taps at —, 
+22%, +45. Spring 
clip or plug-in ter-
minals. Long service 
life. Size 8kiez22Yez 
7Ye. 

Use the Brand the Experts Choose—See 
Your Local Distributor— Buy Burgess! 
Illustrated on this page are only a few of the many battery 
types popular with amateur radio operators. Your local 
Burgess distributor has fresh stocks for all your needs. 

No. 330. Popular 
small size 45 volt "B" 
battery. Top quality 
for long economical 
service. Plug-in sock-
et. Size 3Yezeiez 
4,52". 

No. MN. Popular 6 
volt plug-in "A" bat-
tery. Universal type. 
Gives dependable, 
economical service. 
Size 2215ezniez4Ve. 

New Honors for Burgess Quality 
Burgess quality is recognized by the recent 
award of the Certificate of Merit for 1947 by 
the New York Museum of Science and In-
dustry in recognition of outstanding 
achievements in the development of im-
proved dry batteries for a wide range of 
applications. Burgess is the only dry bat-
tery manufacturer to receive this honor. 

Burgess Batteries were important equip-

No. M. Most popular 
economy size 1 h volt 
"A" battery. Plug-in 
socket. Gives long de-
pendable service. 
Rated 40 watt hours. 
Size 2%": 23/4 "z 4Yzi". 

No. 4156. 22X 
volt "B" battery. 
Equipped with 
screw terminals. 
Small and com-
pact with long 
service life. Size 
3134:" z 2 Vez2zYle. 

ment on Operation Highjump in the Ant-
arctica; and Burgess Batteries left at Little 
America seven years before operated per-
fectly in service on this last expedition. 
The same careful engineering and labora-

tory-controlled manufacture in Burgess Bat-
teries for amateur radio assures ham opera-
tors of long, dependable service. 

BURGESS BATTERY COMPANY 
DEPT. RAH- 8 FREEPORT, ILLINOIS 

17 



GREATEST CONTINUOUS FREQUENC1 

from 540 he. to 114 

TN THE Model SX-42 Hallicrafters estab-
.1 fishes a new high standard of receiver 
performance and versatility. Covering from 
540 kilocycles to 110 megacycles, the SX-42 
combines in one superbly engineered unit a 
top-flight standard and VHF communica-
tions receiver; standard, short-wave and FM 
broadcast receiver, and high fidelity phono-
graph amplifier. 
The tremendous frequency range of the 

SX-42, greater continuous coverage than has 
ever before been available in a receiver of 
this type, is made possible by the develop-
ment of a new "split-stator" tuning system 

$275 ° ° 
Amateur Net 

Elevating Base 

B-42— $7-50 

and the use of dual intermediate frequency 
transformers. Reception of amplitude modu-
lated and continuous wave telegraph signals 
is provided for throughout the entire range 
of the SX-42. In addition, a discriminator 
and two limiter stages are available on bands 
5 and 6 (27 to 110 megacycles) to permit the 
reception of frequency modulated signals. 
Musical reproduction of true high fidelity is 
assured by an audio system with a response 
curve essentially flat from 60 to 15,000 cycles 
and an undistorted output of eight watts. 
The controls of the SX-42 are arranged 

for maximum convenience and simplicity of 



-,'OVERAG 

Ile. AM • FM • CW 

operation. MAIN TUNING and BAND-
SPREAD knobs are mounted coaxially, 
focusing the tuning functions in a single 
precision-built unit. BAND-SWITCH and 
VOLUME are located at either side of the 
main dial. Auxiliary controls such as CRYS-
TAL PHASING, SENSITIVITY, etc., are 
logically placed so that those most frequently 
used are in the most accessible positions. 
Hallicrafters new system of color coding 
makes it possible for the entire family to en-
joy this fine receiver. The normal control 
positions for standard broadcast reception 
are indicated by tiny red dots while FM 
adjustments are in green. 

AMATEURS SAY: ee Unsur 

IN AnorrioN to its many new features the SX-42 continues all of the time-tried ad-
vantages characteristic of Hallicrafters top 
models. Freedom from drift and maximum 
stability are provided by temperature com-
pensation and the use of a type VR-150 
voltage regulator tube. A crystal filter cir-
cuit combined with variable intermediate 
frequency channel width offers six different 
degrees of selectivity on the four lower 
bands (to 30 megacycles). CRYSTAL 

R..42 SPEAKER 
This is the first speaker of its size to offer the splendid 
advantages of the bass reflex principle. Heretofore 
the famous Jensen-originated bass reflex reproduction 
has been available only in large cabinet speakers. Now 
in this sleek, highly functional design, matching the 
new line of Hallicrafters receivers, the bass reflex fea-
ture is available in a compact speaker that offers a 
new high quality of reproduction. The R-42 was de-

signed as a companion 
piece to the SX-42 re-
ceiver but it may be used 
with any other receivers 
such as the SX-28 and 
the SX-43. The speaker 
size is 8 inches. Two-
position switch on front 
panel for communica-
tions or high fidelity re-
ception. Terminals on 
rear for 500-ohm line. 
R-42 size: 12¼ in. deep. 
11% in. high, 17 in. wide. 

R-42 SPEAKER $29  50 
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The main tuning knob is provided with a 
precision vernier scale which is separately 
illuminated through a small window in the 
one-piece Lucite main dial housing. The 
main tuning dial is calibrated in megacycles 
and is marked with channel numbers in the 
new FM band of 88 to 108 megacycles. The 
bandspread dial is calibrated for the amateur 
3.5, 7, 14, 28, and 50 megacycle bands. An 
additional logging scale is provided on this 
dial for use in other ranges. The small lock-
ing knob mounted coaxially with the main 
and bandspread tuning knobs permits either 
to be rotated freely while holding the other 
firmly in position. 

passed CW perfo ma a nee" 

PHASING, CW PITCH, SENSITIVITY, and 
four-position TONE control for LOW, MED, 
HI FI, and BASS are all conveniently placed 
on the front panel as are RECEIVE/STAND-
BY, NOISE LIMITER, and AVC switches. 
The beauty and modern functional styling 

of this new receiver are self evident. Without 
in any way detracting from the "precision 
instrument" appearance which character-
izes fine communications equipment, Halli-
crafters designers have succeeded in creating 
a receiver which is not out of place in the 
most luxurious surroundings. The rich deep 
gray of the panel, satin chrome "airodized" 
top, and light gray lettering with touches of 
red and green combine with the precision-
tooled controls and light translucent green 
of the illuminated dials and meter in a har-
moniously integrated whole. 

DIMENSIONS: Model SX-42. Cabinet only, 20 inches 
wide by 9% inches high by 16 inches deep. Overall, 
20 inches wide by 10 1/4  inches high by 18 inches deep. 

WEIGHT: Model SX-42. Receiver only, approximately 
52 pounds. Packed for shipment, approximately 65 
pounds. Model B-42, adjustable base, packed for ship-
ment, approximately 5 pounds. 

.ffleasommumierimblalliime 
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FFERS SIX BANDS: 
An the essential amateur 

frequencies from 540 kr. to 108 Me. 

THE Model SX-43 is designed for the dis-
criminating amateur who demands 

excellent performance and wide frequency 
range at a medium price. This new member 
of the Hallicrafters line offers continuous 
coverage from 540 kilocycles to 55 mega-
cycles and has an additional band from 88 
to 108 megacycles. AM reception is provided 
on all bands except band 6, CW on the 4 lower 
bands and FM on frequencies above 44 Mc. 
In the band of 44 to 55 Mc., wide band FM or 
narrow band AM just right for narrow band 
FM reception is provided. 
One stage of high gain tuned RF and a type 

7F8 dual triode converter assure an excep-
tionally good signal-to-noise ratio. Image 
ratio on the AM channel on band 5 (44 tci 
55 Mc.) is excellent as the receiver is used 
as a double superheterodyne on this band. 
The new Hallicrafters dual IF transformers 
provide a 455 kilocycle IF channel for oper-
ating frequencies below 44 megacycles and 
a 10.7 megacycle IF channel for the VHF 

bands. Two IF stages are used on the 4 lower 
bands and a third stage is added above 44 
megacycles. Switching of IF frequencies is 
automatic. The separate electrical band-
spread dial is calibrated for the amateur 3.5, 
7, 14, and 28 megacycle bands and in addition 
is used to tune the 44 to 55 and 88 to 108 Mc. 
VHF bands, the main tuning gang being 
disconnected on these frequencies. 
Every important feature for excellent com-

munications receiver performance is in-
cluded in the SX-43. The crystal filter and 
expanding IF channel provide four varia-
tions of selectivity on the lower frequency 
bands. Temperature compensation for free-
dom from drift, series type noise limiter, 

permeability-adjusted "microset" induct-
ances in the RF circuits, separate RF and 
AF gain controls, color coding for simpli-
fied operation by the entire family, beauti-
ful styling, all destine this new Hallicrafters 
receiver for top place in the moderate 
price field. 



THE HAM ASKS FOR 

in a medium price receiver 
OUTSTANDING FEATURE: Wide band FM, 
AM or narrow band FM on 44-55 megacycles. 

CONTROLS: BAND SELECTOR, TUNING, 
BANDSPREAD, TONE, RECEIVE/STANDBY, 

NOISE LIMITER, CRYSTAL PHASING, SE-
LECTIVITY, SENSITIVITY, VOLUME AND 
POWER OFF, RECEPTION, CW PITCH. 

EXTERNAL CONNECTIONS: Antenna con-
nections for doublet or single wire. Input im-

pedance matches 300-ohm line except on broad-
cast band which is designed for single wire 
antenna. Speaker terminals for 500 or 5000 ohms. 
Phone jack on front panel. Phonograph input 
connector on rear of chassis. Socket for use with 
external power supply. Remote standby control 
connections in power socket. Power cord, plug. 

PHYSICAL CHARACTERISTICS: The cabi-
net of the Model SX-43 is styled in the new Hal-
licrafters pattern and is finished in rich satin 
gray. Panel and chassis may be removed as a 
unit for servicing without disturbing any con-

R-44 SPEAKER 
Offers for the first time in a professional style cabinet. 
the advantages of an oval speaker. 
The large oval size plus ample baffling give excellent 

low frequency response. The cabinet proportions and 
finish provide a perfect match with any communica-
tions receivers. Especially designed as a companion 

unit to the SX-43, but it 
may also be used with 
the SX-25, SX-28, and 
SX-42. The speaker size 
is 6 x 9 inches. Two-po-
sition switch on front 
panel for communica-
tions on high fidelity re-
ception. Terminals on 
rear for 500 ohm line. 
R-44 size: 18,,à in. wide 

by 8% in. high by 9% in. deep ;19  50 

trols. "Airodized" steel top swings open on full 
length piano hinge for maximum accessibility. 
Panel lettering is in light gray with incidental 
red and green markings for standard and FM 
broadcast reception. Dials are indirectly illumi-
nated and are a light translucent green. 

TUBES: 1-6BA6 RF amplifier; 1-7F8 con-
verter-oscillator; 1-6SG7 1st IF amplifier; 1-
6SH7 2nd IF amplifier and second converter, 
band 5 AM; 1-6SH7 3rd IF amplifier (10.7 Mc.); 
1-6H6 AM detector and noise limiter; 1-6AL5 
FM detector; 1-6SQ7 1st AF amplifier; 1-6..T5 
beat frequency oscillator or second converter 
oscillator, band 5; 1-6V6 audio output tube; 
1-5Y3 rectifier. 

OPERATING DATA: The standard Model 
SX-43 is designed for operating on 105-125 volts, 
50/60 cycle alternating current. The universal 
Model SX-43U may be operated on 110, 130, 150, 
220, or 250 volts, 25 to 60 cycles, alternating cur-
rent. The standard model draws 90 watts at 117 
volts. When operated from external batteries the 
heaters require 3.8 amperes at 6 volts and the 
plate circuit draws 105 milliamperes at 270 volts. 

DIMENSIONS: Model SX-43. Cabinet only, 
181/2  inches wide by 81/2  inches high by 12 inches 

deep. Overall 181/2  inches wide by 8% inches high 
by 13 inches deep. 

WEIGHT: Model SX-43. Receiver only, ap-
proximately 35 pounds. Packed for shipment, 

approximately 45 pounds. 

L  ha icra 
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•40 —it covers fr 

40 ke. to 43 Mc. 

and is called by hoots 

"ONE OF THE GREATEST RECEIVER 

VALUES AVAILABLE" 

T
HE sensational new S-40A with the finest 
performance ever presented in the pop-

ular price field is housed in a cabinet of true 
functional design — a completely new con-
ception of receiver beauty and styling. 
The Model S-40A incorporates many cir-

cuit refinements and features never before 
available in this price class. The RF section 
uses permeability adjusted "micro-set" in-
ductances, identical with those in the most 
expensive Hallicrafters receivers. Automatic 
noise limiter, temperature compensated RF 
oscillator, beat frequency oscillator, separate 
RF and AF gain controls, three-position tone 
control, separate electrical bandspread, with 
inertia flywheel tuning, and many other fea-
tures make this beautiful new receiver an 
outstanding value. 

Overall frequency range-540 kilocycles to 43 meg-

acycles in 4 bands: 

Band 1-540 to 1700 kilocycles 

Band 2-1.7 to 5.35 megacycles 

Band 3-5.35 to 15.7 megacycles 

Band 4-15.7 to 43 megacycles. 

Adequate overlap is provided at the ends of all 
bands. 

CONTROLS: SENSITIVITY (including "S" meter 

on/off switch), BAND SELECTOR, VOLUME, 

TUNING, BANDSPREAD, AVC ON/OFF, CW/AM, 

NOISE LIMITER ON/OFF, TONE AND AC ON/-

OFF, PITCH CONTROL, STAND-BY/RECEIVE. 

DIMENSIONS: Model S-40A. Cabinet only, 18% 

inches wide by 81/2 inches high by 9% inches deep. 

Overall, 181/2  inches wide by 9 inches high by 11 

inches deep. Model SM-40 Meter. Overall, 53/4  inches 

wide by 4 inches high by 41/2  inches deep. 

WEIGHT: Model S-40A. Receiver only, approxi-

mately 28 pounds. Packed for shipment, approxi-

mately 33 pounds. Model SM-40. Meter only, 
approximately 13/4  pounds. Packed for shipment 

approximately 3 pounds 

MODEL SM-40 "S" METER 
This new external "S" meter is available as an acces-

sory and can be easily con-
nected through a special 
socket on the rear of the re-
ceiver chassis. May also be 
used with other Hallicrafters 
models such as the S-20R, 
S-18. etc. 



LOWEST PRICED COMMUNICATIONS JtECEIVER 

- . 
, 

PolfitreHert 

Amateur 

Net 

... A REAL BUY 
Min Model S-38 meets the demand for a truly 

competent communications receiver in the 
low-priced field. Styled in the postwar Hallicraft-
ers pattern and incorporating many of the features 
found in its more expensive brothers, the S-38 of-
fers performance and appearance far above any-
thing heretofore available in its class. Four tuning 
bands, CW pitch control adjustable from the front 
panel, automatic noise limiter, self-contained PM 
dynamic speaker and "Airodized" steel grille, all 
mark the S-38 as the new leader among inexpensive 
communications receivers. 
The S-38 is an especially fine receiver for younger 

people just beginning to find the unending fascina-
tion offered by radio as a hobby. In addition to 
being a good standby receiver for any amateur, 
the S-38 has unlimited uses. Its compact functional 
design, its high performance on both short waves 
and standard broadcast reception make it an ideal 
receiver for use in den or library, in college dormi-
tory, at camp or cottage or in any room around the 
house wherever a good extra receiver at a low 
cost is desired. 

FEATURES 

Overall frequency range-540 kilocycles to 32 mega-
cycles in 4 bands: 

Band 1-540 to 1650 kc. 
Band 2-1.65 to 5 Mc. 
Band 3-5 to 14.5 Mc. 
Band 4-13.5 to 32 Mc. 

Adequate overlap is provided at ends of all bands. 
Main tuning dial accurately calibrated. 
Separate electrical bandspread dial. 

ez9V1* 

Beat frequency oscillator, pitch adjustable from front 
panel. 
AM/CW switch. Also turns on automatic volume 

control in AM position. 
Standby/receive switch. 
Automatic noise limiter. 
Maximum audio output-1.6 watts. 
Internal PM dynamic speaker mounted in top. 
Controls arranged for maximum ease of operation. 
105-125 volt AC/DC. Resistor line cord for 210-250 

volt operation available. 
Speaker/phones switch. 

CONTROLS: SPEAKER/PHONES, AM/CW, NOISE 
LIMITER, TUNING, CW PITCH, BAND SELECTOR, 
VOLUME, BANDSPREAD, RECEIVE/STANDBY. 

EXTERNAL CONNECTIONS: Antenna terminals for 
doublet or single wire antenna. Ground terminal. Tip 
jacks for headphones. Line cord and plug. 
OPERATING DATA: The Model S-38 is designed to 
operate on 105-125 volts AC or DC. A special external 
resistance line cord can be supplied for operation on 
210 to 250 volts AC or DC. Power consumption on 117 

volts is 29 watts. 

DIMENSIONS: Model S-38, Cabinet only, 12% Inches 
wide by 6% inches high by 7% inches deep. Overall, 
12% inches wide by 7% inches high by 8% inches deep. 

WEIGHT: Model ounds. 
Packed for shiprd 

tliallicrafters RADIO 
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and—sea— air e-Onnnunica 

W RECEIVER 

• Low price 

• Hight. 

*pencil:dole 

Prices on 
Request 

Frequency coverage from 132 kc.. to 13 Mc. in 4 
I is . . . plus three fixed frequency channels 

which y he pre-set in the range between 200 

to 300 kip and 2 Mc. to 3 Me. 

yACHTSMEN, mariners, pilots and all who 
depend on specialized communications 

equipment for safe land, sea and air opera-
tions will find in the S-51 just what they have 
been looking for. Covering from 132 kc. to 
13 Mc., the S-51 provides reception on all 
important channels— airport towers, Coast 
Guard stations, weather stations and other 
vital communications outlets. Maximum con-
venience is assured through the use of a 
directly calibrated main tuning dial and the 
division of bands so that calling and working 
frequencies lie in the same band. 

Styled to match the balance of the highly 
functional Hallicrafters line, the S-51 is es-
pecially rugged. Precautions have been taken 
to protect the model against the hazards of 
salt sea atmosphere. Trimmer condensers 
are treated to maintain their adjustment, 
transformers are impregnated and the chas-
sis is heavy cadmium plated to resist the 
roughest sort of treatment. Temperature 
compensation for freedom from drift and 
permeability adjusted "microset" induct-
ances in RF circuits add to the receiver's 
stability and high quality. Iron cores are 
used with silver mica capacitors for high 
stability. 

Two outstanding features set the S-51 
well above average: 

1. VERSATILITY. The S-51 can be used 
practically anywhere. Equipped for 110 volt 
AC/DC operation, provision is made for the 
addition of power supply combinations per-
mitting operation from either 6, 12 or 32 
volt batteries. 

2. FIXED FREQUENCIES. Besides the four 
tuning ranges covered by regular tuning 
controls there are three fixed frequency 
channels which can be pre-set to be brought 
in with a flick of the switch. Provision is 
made for pre-setting on one fixed frequency 
between 200 to 300 kc. and on two frequen-
cies between 2 Mc. and 3 Mc. Private pilots, 
who from home or airport want to keep con-
stantly tuned to a certain weather station, 
sailors and yachtsmen who must keep in. 
regular touch with certain Coast Guard sta-
tions and others who depend on fast, regu-
lar communications over fixed frequencies, 
will find the S-51 invaluable in this regard. 

In addition to other features the S-51 has a beat 
frequency oscillator with pitch variable from the 
front panel; combined a.v.c. and b.f.o. switch; 
separate r.f. and a.f. gain controls; inertia flywheel 
tuning and a PM speaker with internal rubber 
shock mounting. 



SEE WHAT YO 

LOOK F 0 

LOTS MORE os 
with the Skyrider Panoramic 

w
impArms Skyrider Panoramic, Model SP-
44 is actually a "third hand" to help you 

reach for new horizons in ham radio. You get lots 
more QSL's with the Hallicrafters Panoramic be-
cause you can "see" and "feel" your way over a 

wide stretch of the radio spectrum. The Panoramic 
shows not only the received signal but every sig-
nal 100 kc. on either side of the received signal ... 
provided visual sweepwidth is set at maximum. 

By making a wide range of radio signals visible a 
new dimension is added to the field of radio oper-

ating. Listed opposite are a few of the things Pano-
ramic enables you to do: 

1. Spot frequency modulation or parasitics on an 

amplitude modulated signal. 
2. Measure percentage of modulation and the 
quality of the signal being transmitted under all 

conditions. 
3. Read signal strength instantaneously, aiding in 
quickly adjusting the output stages of the trans-
mitter or the field pattern of directional antennas. 
4. Check other frequencies against known stand-
ards or the receiver calibrations. Any frequency 

drift can be spotted immediately. 
5. Show where and how much to shift frequency 
to avoid interference once a QSL is under way. 

Precision instruments for 

VERY HIGH FREQUENCY WORK 

T
HE Model S-37 has been designed to fill the 
need for very high frequency equipment with 

the performance characteristics of Hallicrafters top 

communications receivers, and a frequency range 
extending above 290 Mc. Basically similar to the 

Model S-36A this new receiver incorporates the 

latest developments in VHF circuit design and 

provides sensitivity and selectivity in the range 
from 130 to 210 Mc. that is in every way comparable 

to the performance of fine communications receiv-
ers on the standard frequencies. 
A new pre-loaded gear drive with separate 

bandspread dial provides ease of tuning, and the 

entire range of the receiver is covered without 

band-switching. Two RF stages are used and in 

conjunction with an intermediate frequency of 
16 Mc. assure an amazingly high ratio of image 
rejection. Hermetically sealed transformers and 

capacitors make the Model S-37 suitable for use 

in any climate. 
This new receiver again emphasizes Hallicrafters 

pre-eminence in the commercial production of 

VHF equipment. 

h 

e 59175 

Amateur Net 
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AM-FM RECEIVER FOR. 

SPECIALIZED INSTALLATIONS 

.11. suiperI radio chassis with push button tuning 

HERE is a brand new kind of receiving 
instrument, designed by Hallicrafters 

to fill a long felt need. It is a 14 tube (plus 
rectifier) AM and FM receiver with an over-
all frequency range of 535 kc. to 108 Mc. in 
three bands with five positions on the band 
switch. A new development is the addition 
of push button controls for FM tuning. There 
are push button controls for the AM tuning 
also. This is a high precision, fine quality 
receiver that will have numerous applica-
tions in homes, schools or public institutions 
or in any location where a good specialized 

S-47 C CHASSIS ONLY 
Same chassis, available without the steel cabinet. 
Overall dimensions: 8-11/16 in. high, 
16 in. deep, 18-15/16 in. wide . . . . $18950 

radio installation is needed. Styled to match 
the new Hallicrafters line, the S-47 receiver 
lends itself perfectly to "custom" installa-
tions of your own choosing — such as in 
specially designed cabinets in bookcases or 
built-in sound systems for fine homes. Here 
is radio that is all radio, made simple to 
operate with the push button controls and 
the wide, easily read dial. 

CONTROLS: BAND SELECTOR AND PHONO 

SWITCH, AM TUNING, FM TUNING, FIVE AM 

PUSH BUTTONS, FIVE FM PUSH BUTTONS, 

VOLUME, TREBLE TONE AND AM SELECTIV-

ITY, BASS TONE AND POWER ON/OFF. 

EXTERNAL CONNECTIONS: Antenna connec-
tions for single wire or doublet AM antenna and 
doublet FM antenna. AC power cord. Power outlet 

for phono motor connection. Phono input socket. 
500 (gun speaker terminals. 

OPERATING DATA: The Model S-47 receiver is 
designed for operation on 105-125 volts 50/60 cycle 
alternating current. The power drain is 100 watts. 
It may be used with any speaker having 500/600 
ohm input. 

OVERALL DIMENSIONS: S-47 (with steel cabi-

net) 8-11/16 in. high, 161/2  in. 

deep, 20 in. wide   $200® 
Amateur Net 
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YOUR OLD TRANSMITTER 

HERE is the hottest transmitter item 
available today! Narrow band FM 

and calibrated 5-band V.F.O. complete in 
one compact cabinet with all coils and 
power supply built in. These outstanding 
features have never before been available 
in one low-priced unit, including low fre-
quency drift, low FM distortion, low hum 
and noise level, excellent keying, voltage 
regulators, and low impedance output 
circuit. 

This is the unit you have been waiting 
for to modernize your old transmitter, 
whether it is a 50-watt or a one-kilowatt 
station. 
The HT-18 is also a valuable tool for 

antenna tuning on all ham bands. Run a 
quick response curve of the antenna to 
find the best operating frequency. 
Do you have B.C.I. trouble? Simple; 

just add an HT-18 on narrow band FM 
and watch the neighbors smile and say 
"Hello" again. 

n. 

* Direct], calib 

operation 

Incorporates 

As easy to tune as a 

receiver 

* Excellent stability 

* Good clean keying 

$110 4'4' 
1nutteur Net 

sts -

baud FM 

hallicrafters RADIO 
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HALLICRAETERS Model HT-9 is an ideal me-
dium power transmitter. Designed for 

maximum flexibility and convenience, it is com-
pletely self-contained, requiring only a micro-
phone or key, antenna, and source of AC power 
to go on the air. 
Five individual plug-in tuning units and crys-

tals may be accommodated in the exciter section 
simultaneously. Band switching is easily accom-
plished by changing one coil in the final ampli-
fier and selecting the desired exciter frequency 

óose the IIT-9 
TRANSMITTE It 

For power IOU wa is 

For price.. s3J04") 
Amateur Net 
(Less coils 

and crystals) 

by means of a panel switch. Exciter units are 
pre-tuned and the only additional operation 
needed is a slight adjustment of the final tank 
tuning capacitor. 
Separate meters are provided for the power 

amplifier plate and grid circuits and a third meter 
may be switched into either the exciter or mod-
ulator cathode circuits. All controls are con-
veniently arranged on the panel and a safety 
interlock switch is provided for protection 
against accidental shock when cabinet is opened. 

I rrAlAier.• 

a low power, high quality, 

low price TRANSMITTER 

THE Model HT-17 offers real Hallicrafters 
transmitter performance with maximum 

convenience and economy. No larger than a 
small receiver and styled to match the postwar 
Hallicrafters line, this new transmitter provides 
an honest 10 to 20 watts of crystal-controlled CW 
output on the amateur 3.5, 7, 14, 21, and 28 nega-
cycle bands. 
A pi-section matching network is an integral 

part of the plate circuit and, together with an 
adjustable link, provides coupling to any type 
of antenna or permits the HT-17 to be used as 
an exciter for a high power final amplifier. The 

11117 .6,5„, (Less coils 
and crystals) 

Amateur Net 

oscillator stage uses a type 6V6-GT tube and is 
automatically switched to a Tritet circuit when 
coils for the three higher bands are plugged in. 
Full output on the 14, 21, and 28 megacycle bands 
is obtained with 7 megacycle crystals. A type 
807 tube is used in the final amplifier, and the 
self-contained power supply, for 105-120 volt 
AC operation, employs a 5Y3-GT rectifier. Con-
nections are provided for an external modulator. 
The "Airodized" steel top opens on a full length 
piano hinge for maximum accessibility and ease 
in changing coils and crystals A pilot lamp is pro-

vided on front panel for tuning. Coil sets extra. 

hallicrafters RADIO 
THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO 

AND ELECTRONIC EQUIPMENT, CHICAGO 16, U. S. A. 
Sole Hollicrafters Repres•ntatives in Canada, 
Rogers Majestic Limited, Toronto-Montreol 



TYPE 11 

TYPE 1 

TYPE 11 

'TYPE 12 

SMALL, LOW-COST, SOLA CONSTANT VOLTAGE 

TRANSFORMERS FOR CHASSIS MOUNTING 

Reliable communications equipment must have sta-

bilized voltage—and the right place to provide for it 

is in the equipment itself. These three types of Simi% 

Constant Voltage Transformers have been specifically 

designed for "built-in" applications. They are low in 

cost and their use will often permit the elimination of 

other components. For complete information consult 

Bulletin 34CV-102, available on request. 

Catalog 
Number 

Output 
Cap.•av 
in VA « 

Input 
Vohs 

Output 
Volts 

Dimensions in Inches Approx. 
Shipping 
Weight 

List 
Price 
Each A a I c E l F 

30488 15 95-125 6.0 51% 2% 3% 5% 6 $15.00 
30492 15 95-125 6.3 51% 2% 3% 51% 6 15.00 
30498 15 95-125 115.0 51% 2% 3% 5% 6 15.00 

30785 17 95-125 6.3 51% 32% 2% 3 2 5% moo 
30955 17 95-125 115.0 51% 3% 2% 3 2 5% 20.00 

301002 15 95-125 6.3 5% 3% 2% 3 1% 2% 18.50 
301003 15 95-125 115.0 5% 3% 2,( 3 1% 2% 18.50 

*Condenser supplied as separate unit. 

17re; 

TYPE 12 

DIMENSIONS 

A: Overall Length 
13: Overall Width 
C: Overall Height 

E .8 F: Mounting 
Dimensions 

Prices subject to change 
without notice. 

STABILIZED WITHIN 1% OF RATED VALUE 

30804 
30805 
30806 

YPE 2 

YPE 3 

FOR COMMUNICATIONS EQUIPMENT NOW IN SERVICE 

Where provision for constant voltage protection has not been 
made within the equipment itself, these standard SOLA Con-
stant Voltage Transformers can be easily installed. They re-
quire no supervision or maintenance, are instantaneous in oper-
ation and they protect both themselves and the equipment 
against short-circuit. Other capacities ranging from 10VA to 
15KVA fully described in Bulletin 34CV-102, available on 

request.. 

TYPE 2 

Output 
Capacity 
in VA 

Input 
Volts 

Output 
Volts 

Dimensions in Inches 

A I 

8% 4% 4% 7% 2% 12 $17.00 
8% 4% 4% 8% 2% 13 24.00 

4?ic 4% 8% 2% 17 32.00 

E IF 

Approx. 
Shipping 
Weight 

List 
Price 
Each 

30 95-125 115.0 
60 95-125 115.0 
120 95-125 115.0 

30807 250 95-125 115.0 11% 6% 5% 3% 6% 30 52.00 
30M807 250 190-250 115.0 11% 61% 5% 3% 6% 30 52.00 
30808 500 95-125 115.0 14% 61% 5% 5 6% 40 75.00 
30M808 500 190-250 115.0 14% 6% 5% 5 6% 40 75.00 TYPE 3 

ConstanSeetriliformers 
29 

SOLA ELECTRIC COMPANY, 4633 WEST 16TH STREET, CHICAGO 50, ILLINOIS 



30 

THERE'S AN C ATUBE  
RCA Power Tube Chart for Amateur Transmitters 

CW, FM, AND PHONE TO 30 Mc. 
This table has been set up to give suitable 
choice of tubes for the final and for a pre-
ceding stage to drive the final. A choice of 
buffer, doubler or oscillator driver stage is 

provided. The tubes shown have been 
chosen conservatively to provide ample 
driving power at 30 Mc even in circuits 
having higher than usual losses. 

Final Amplifier Tube Types for Driving Final Amplifier 

(CW, FM and Phone) 

Input Power Watts 
CW & FM Phone 

Tube Type As Buffer As Doubler As Oscillator 

Class D 

Modulator 

Tube Type 

40 27 1-2E26 2E26 6AK6 
6AG7 6F6 

2E26 6N7 
6AG7 6V6GT 

6F6 

2E26 6F6 
6AG7 6V6GT 

2-6L6 (AB,) 
2-6F6 (AB2) 

75 54 I 2-2E26 
75 60 I 1-815 
73 60 

150 120 

225 150 

1-807 

2-807 

1-812 

2E26 802 
6AG7 807 

6F6 

2E26 802 
6F6 807 

2E26 807 
802 

2E26 
6AG7 
6F6 

2E26 
6F6 
6L6 

6L6 
802 
807 

6N7 
802 
807 

2E26 802 
6L6 807 

2E26 616 
6AG7 802 
6F6 80.7  

2E26 6V6GT 
6F6 802 
6L6 807 

2E26 802 
6L6 807 

2-2E26 
1-815 
2-807 

2-807 
2-81 I 

2-807 
2-811 

225 150 

300 240 
300 200 

1-811 

1-8005 
1-808 

2E26 807 
802 

2E26 807 
802 

807 81 I 
809 814 
807 811 
809 814 

450 300 

450 300 

2-812 

2-811 

2E26 809 
802 812 
807 815 

2-2E26 
2-802 
807 

809 
812 
815 

500 375 I-4-125A/ 
4D-21 

500 400 1-813 

600 400 2-808 
600 480 

750 500 

2-8005 

1-8000 

2E26 
802 
807 

2-2E26 811 
807 812 
809 815 

807 811 
809 812 

814 
809 812 
811 814 

807 814 
809 815 

811  

2-807 811 
809 814 

2E26 
6L6 
802 

807 
2-807 

809 812 
811 814 

807 81 I 
809 814 

807 814 2-807 

  2-aLL 

807 814 2-811 

2-808 
 2-8005 

807 815 2- 811 
814 2-808 

o-8005 

2-807 1-828 2-811 
1-814 2-808 

  2-8005 

2E26 802 2-811 
616 807 4-807 

2-8005 

2-807 
814 

807 
814 

2-811 
2-808 

4-811 
2-8005 

750 500 1-810 
1000 600 1-806 

2-4-1 25A/ 
4021 
2-813 

808 814 
811 828 

not recommended 4-811 
2-8005 

1000 750 

1000 800 

2E26 807 
802 815 

2E26 802 
2-6L6 807 

815 
1000 835 I-833A 808 

809 
811 

8 U1 
814 

8005 

808 814 
811 828 

2E26 802 
2-6L6 807 

815 

2-810 
2-8000 
4-8005 

not recommended 

1000 1000 2-8000 2-807 811 
2-809 812 

814 

808 811 
2-809 814 

2-810 
2-8000 
4-8005 

not recommended 2-810 
2-8000 
4-8005 

1000 1000 2-MO 808 812 
2-809 814 
811 8005 

808 813 
811 828 

not recommended 2-810 
2-8000 
4-8005 



31 

*Maximum value, class C telegraphy service. 

FOR EVERY AMATEUR SERVICE 

RCA POWER TRIODES 

806 1000 watts input* at 30 Mc. 
808 300 watts input* at 30 Mc. 
810 750 watts input* at 30 Mc. 
811 225 watts input* at 60 Mc. 
812 225 watts input* at 60 Mc. 
833-A 1000 watts input* at 30 Mc. 
8005 300 watts input* at 60 Mc. 

RCA BEAM POWER TUBES 

2E26 33 watts input* at 150 Mc. 
807 75 watts input* at 60 Mc. 
813 500 watts input* at 30 Mc. 
815 68 watts input* at 150 Mc. 
829-B 120 watts input* at 200 Mc. 

RCA RECTIFIERS AND THYRATRONS 

5R4-GY Full-wave, vacuum type. With 
choke input, 175 ma. at 750 
volts. 

816 Half-wave, mercury-vapor type. 
Two tubes in full-wave, 250 
ma. up to 2380 volts. 

866-A Half-wave, mercury-vapor 
type. Two tubes in full-wave, 
500 ma. up to 3180 volts. 

2050 Gas thyratron. Up to 200 ma. 
at 400 volts in grid-controlled 
full-wave circuit. 

5957 Mercury-vapor thyratron. Up to 
1 amp. at 1500 volts in full-
wave choke-input circuit. 

RCA UHF AND VHF TUBES 

2C43 20 watts input* at 1500 Mc. 
4-125A/4021 

500 watts input* at 125 Mc. 
6C24 1000 watts input* at 160 Mc. 
826 130 watts input* at 250 Mc. 
8025-A 50 watts input* at 900 Mc. 

TUBE DEPARTMENT 

• RCA has a popular tube for every 

amateur service, every power and 

every active band. A few of the best-

known types in each classification 

are listed. 

In addition, there are special-

application types, such as voltage 

regulators, phototubes, acorns, kine-

scopes, iconoscopes, and the well-

known receiving types in metal, 

glass, and miniature. 

Your local RCA Tube Distributor 

has complete technical data on all 
RCA tube types. Contact him for 

further information, or write RCA, 

Commercial Engineering, Section 

M-67, Harrison, New Jersey. 

Free—RCA Headliners for Hams 
. . . 4- page folder, giN es power tube 
voltages, currents, driving power, dissi-
pations, etc., for each tube service. Indis-
pensable to every 
Amateur who builds 
transmitting equip-
ment. Ask your RCA 
Tube Distributor for 
a copy of Headliners, 
or write RCA, Com-
mercial Engineering, 
Section M. 35, Harri-
son, New Jersey. 

THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA 

RADIO CORPORATION of AMERICA 
HARRISON. N. J. 



CRYSTALS AND 

CRYSTAL CONTROLLED OSCILLATOR 

o 
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CCO - CRYSTAL CONTROLLED OSCILLATOR - MODEL 2A 
For 2 .4v- 10 - 11 Meters 

With this basic oscillator, employing a 
6AG7 tube, the advantages of VHF crystal 
control are easily achieved. Has direct 
output on 6-10-11 meters and ample out-
put to drive tripler stage on 2 meters. 
Single tuning control, bandswitch and crys-
tal socket are mounted on outside of painted 
metal subchassis with power and output 

AMATEUR 

TYPE AX2 
These high stability advanced design 
crystals are plated to insure long 
term precision and reliability. Cali-
brated to ± .002% with drift less 
than .0002% per degree Centigrade. 
Holder pins spaced on .486" centers. 

Supplied Range Price 

+ 2 Kc 3500— 4000 Kc $2.80 

+ 2 Kc 7000— 7425 Kc 2.80 

+30 Kc 12500-13500 Kc 3.95 

+30 Kc 13580-13714 Kc 3.95 

+30 Kc 14000-14850 Kc 3.95 

TYPE AX3 
A new third overtone crystal unit 
produced for use in the Bliley CCO-
2A. Has exceptionally high activity 
at operating frequency. Calibration 
accurate to ± .003% in CCO-2A with 
drift less than .0002% per degree 
Centigrade. Plated crystal is mounted 
in gasket sealed holder with pins 
spaced .486" centers. 

Supplied 
±5 Kc 

±5 Kc 

Range 

24000-24333 Kc 

25000-25500 Kc 

Price 
$3.95 

3.95 

TYPE CF6 455 Kc 
Single signal filter crystal unit. Ex-
ceptionally low holder capacity per-
mits sharp signal discrimination in 
filter network of general communi-
cations receivers. Frequency 455 Kc 
free from spurious responses within 
± 7 Kc. 

Price $4.50 

TYPE CF3 455 Kc 
Single signal filter crystal unit. Fre-
quency 455 Kc, ± S Kc—free from 
spurious responses within ± 7 Kc of 
fundamental. Designed for inter-
mediate frequency filter in general 
communications receivers. 

Price $5.00 

For complete dimensional information consult 
Bulletin 35 available at any Bliley distributor. 

terminals at back. Uses Bliley AX2 
meter crystals for output on 10 and 
meters, new Bliley AX3 crystals for 6 a 
2 meter operation. Ideal as nucleus 
new construction or conversion of existi 
equipment. 

Supplied less tube and crystal  $9. 

FREQUENCY CRYSTALS 

TYPE MC9 3105 Kc 
This unit is suggested for use in p 
vate aircraft transmitters operati 
at 3105 Kc. The crystal is guarante 
to be within ±.02% of 3105 Kc 
any temperature between 0°C a 
50° C and is factory tested for p 
formance over this temperature rani 
Plug-in type holder is gasket seal 
against moisture and humidity. 

Price $5.50 

TYPE VX2 3105 Kc 
Designed for applications where ape 
is at a premium, this unit is reco 
mended for private aircraft coma 
nication at 3105 Kc. Guaranteed 
maintain frequency within ± .02 
at any temperature between 0° C a 
50° C. Solder lug connections pers 
mounting under chassis and asse 
bly is gasket sealed against moistt 
and humidity. 

Price $5.00 

TYPE KV3 100 Kc 
A precision crystal designed for t 
in secondary standards. Crystal 
silver plated and mounted betwe 
wire supports which are soldered 
the plated surfaces. Exceptiona 
low drift crystal is adjustable to t 
actly 100 Kc at 25° C when used 
recommended oscillator circuit. 

Price $6.95 

TYPE SMC100 100-1000 Ke 

Dual frequency crystal provid 
either 100 Kc or 1000 Kc frequen 
source. When used in recommend 
oscillator circuit 1000 Kc frequen 
is within ±.05% at 25° C and 1 
Kc frequency can be adjusted 
zero beat at 25° C. Suggested for s 
nal generators used in alignment 
radio receivers. 

Prie• $8.75 

For instant channel and Ire- It provides direct crystal wiltiol for 
quency accuracy, radio service techni- alienment. Write for descriptive Bi 
clans use this Bliley test instrument. letin 32. 

Complete with 7 Bliley crystals, tubes and concentric output cable  $69.50 

BLILEY ELECTRIC COMPANY • UNION STATION EUILDING • ERIE, PENNSYLVANIA 
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MICRO SWITCH 
A DIVISION OF FIRST INDUSTRIAL CORPORATION 

Freeport, Illinois 

Branch Offices 

CHICAGO 6..308 W. Washington Street 

NEW YORK 17 101 Park Avenue 

CLEVELAND 3 4900 Euclid Avenue 

LOS ANGELES 14...1709 West 8th Street 

BOSTON 16 126 Newbury Street 

• 

The Precise, Small 
Lightweight, Sensitive 

Switch for 
Radio Applications 

Micro Switch precision snap-action switches 
have proved invaluable for applications that 
call for switching substantial amounts of 
power by a unit operating in a small space. 
Micro Switch products are important elec-
trical switching units for electrical mecha-
nisms that make change, package products, 
control temperatures, heat water, bottle 
fluids, limit machine tools, record airplane 
flights, control electronic tubes and perform 
thousands of other diversified electrical con-
trol functions. 

MICRO SWITCH Products 
Meet These Requirements 

Small Size . . . No larger than your thumb, 
the basic, plastic enclosed switch measures 
11/16' x 27/32' x 1 15/16'. 

Light Weight ... With pin-type plunger, the 
plastic enclosed switch weighs less than one 
ounce. 

Long Life ... Patented three-bladed beryllium 
copper spring gives millions of accurate repeat 
operations. 

Small Operating Force ... Force required to 
operate the switch may be as little as one ounce 
. . . or as much as 60 ounces. 

Small Operating Movement... Movement of 
the operating plunger may be as little as .0004'. 

Good Electrical Capacity . . . Switch is 
Underwriters' listed and rated at 1200 V.A. at 
125 to 460 volts a.c. 

A. General Purpose Basic Switch with panel mounting. 
This "MICRO" basic switch is handy and useful as a door 
switch, or as a manual or mechanical push button switch. The 
threaded stem, with two thin brass hex nuts and two steel lock 
nuts aids adjustable location with respect to the panel. The 
internal switch mechanism is protected from excessive over-
travel by a stop ring located near the tip of the plunger. This 
type switch proves both handy and useful. 

B. The "MICRO" V3-1 Small Precise Switch. For a 
switch that must perform in small quarters the -MICRO" V3-1 
switch is of a size to meet these requirements. Small but accurate 
and dependable the V3-1 is provided with two mounting holes, 
one elongated to provide greater accuracy in locating. Flat 
bosses on side add to ease of stacking or grouping when require-
ments demand they be used that way. 

C. JV-5 Actuator for use with V3-1 Switoh. The JV-5 
Auxiliary Actuator with roller is designed for rapid cam or slide 
actuation of the VS-1 switch. The frame is stainless steel with 
the oil-impregnated bronze bearing serving as the roller. 

D. The "MICRO" V3-12 Switch. Low torque features this 
switch which can be actuated with .14 ounce-inches-- prac-
tically a feather touch. Pretravel of the actuating arm is 20° 
maximum with overtravel 20° minimum. It also features high 
resistance to shock, and in addition has clean make and break 
without contact bounce. Being enclosed keeps out dust and 
dirt and assures trouble-free operation. Time-tested and proved 
dependability, based on experience gained in making millions 
of switches, gives users an assurance of freedom from trouble. \Actuating wire not furnished. ...... 
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eireirel 10035 

INSTRUMENT DIALS 
The No. 10030 is an extremely sturdy instrument 
type indicator. Control shaft has 1 to I ratio. 
Veeder type counter is direct 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 1/2 " drive shaft coupling. May be used with 
multi-revolution transmitter controls, etc., or through 
gear reduction mechanism far control of fraeional 
revolution capacitors, etc., in receivers or laboratory 
instruments. 

The No. 10035 illuminated panel dial ha:. 12 to 1 
ratio; size, 81/2 " x 61/2 ". Small Na. 10039 has 
8 to I ratio, size, 4" x 31/2 ". Both are of compact 
mechanical design, easy to mount and have totally 
self-contained mechanism, thus eliminating back of 
panel interference. Provision for mounting and 
marking auxiliary controls, such as switches, 
tentiometers, etc., provided on the No. 10033. 
Standard finish, either size, flot black art metal. 

No. 10039  $ 270 
No. 10030  25.00 
No. 10035  6.00 

PANEL MARKING TRANSFERS 
The panel marking transfers have 1/2 " 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 
conceivable word or marking required for amateur 
or commercial equipment. 

No. 59001, white letters   $1.25 
No. 59002, black letters  1.25 

R9'er MATCHING PREAMPLIFIER 
The Millen 92101 is an electronic impedance 
matching device and a broad- band preamplifier 
combined into a single unit, designed primarily for 
operation on 6 and 10 meters. Coils for 20 meter 
band also available. 

No. 92101, less tubes  $24.75 

HIGH FREQUENCY TRANSMITTER 
The No. 90810 crystal control transmitter provides 
75 watt output (higher output may be obtained by 
the use of forced cooling) on the 10-11, 6 and 2 
meter amateur bands. Provisions are made for 
quick band shift by means of the new 48000 
series high frequency plug-in coils. 

No. 90810, less tubes and crystals  $69.75 

HIGH VOLTAGE POWER SUPPLY 

The No. 90281 high voltage power supply has a 
d.c. output cf 700 volts, with maximum current of 
250 ma. In ads'ition, a.c. filament power of 6.3 volts 
at 4 amperes is also available so that this power 
supply is an ideal nit for use with transmitters, such 
as the Millen No. 9C800, as well as general lab-
oratory purposes. The 'tower supply uses two Na. 
816 rectifiers and has a two section pi filter with 
10 henry General Electric chokes and a 2-2-10 
mfd. bank of 1000 volt General Electric Pyranol 
capacitors. The panel is standurd 8%" x 19" rack 
mounting. 

No. 90281, less tubes  $84.50 

NEUTRALIZING CAPACITOR 
Designed originally for use in our own No. 90881 
Power Amplifier, the No. 15011 disc neutralizing 
capacitor has such unique features 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   $3.15 

RF POWER AMPLIFIER 
This 500 watt amplifier may be used as the basis of 
a high power amateur transm.tter or as a means for 
increasing the power output of an existing trans-
mitter. As shipped from the factory, the No. 90881 
RF power amplifier is wired for use with the • pular 
RCA or G.E. " 812" type tubes, but adeqv re in-
structions are furnished for readjusting for operation 
with such other popular amateur style transmitting 
tubes as Taylor TZ40, Eimac 351, e.'c. The amplifier 
is of unusually sturdy mechanical coAstruction, on a 
101/2 " relay rack panel. Plug-in indLctors 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 thc new No. 
90881 RF power amplifier. 

No. 90881, with one set of coils, but les 
tubes  $89.50 
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SECONDARY FREQUENCY 
STANDARD 

A precision frequency standard for both lab-
oratory and production uses, adjustable out-
put, provided at intervals of 10, 25, 100 and 
1000 kc, with magnitude useful to 50 mc. 
Harmonic amplifier with tuned plate circuit 
and panel range switch. 800 cycle modulator 
with panel control switch. In addition to 
oscillators, multivibrators, modulators and 
amplifiers, a built-in detector with phone 
jack and gain control is incorporated. Self-
contained power supply. 

Model 90505, with tubes  $155.00 

ABSORPTION WAVEMETERS 
The 90600 series of absorption wavemeters 
are 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  $18.00 

FREQUENCY CALIBRATORS 
The cavity type frequency calibrator covers 
a range of 200 to 700 mc., with a maximum 
error of not over 0.25%. This range is 
covered by two pkig-in cavity type tuning 
units, which may be easily interchanged. 
The calibrator consists of an accurately cali-
brated cavity-type tuning unit, a crystal de-
tector, a two-stage video amplifier and a 
peak reading VT voltmeter. 

Model 90630, with tubes  $375.00 

SYNCHROSCOPES 
The 5" synchroscopes are available with and 
without detector-video strips. 

Model P-4, with tubes  $300.00 
Model P- 4E, with tubes  395.00 

OSCILLOSCOPES 
The basic type 2" oscilloscope is complete 
with power supply, focusing and centering 
controls and 60 cycle sweep, for use in nor-
mal form for transmitter monitoring or as 
basic unit for addition of specially designed 
external sweeps, amplifiers, etc., for spe-

cialized applications. 

Model 90902, less tubes  $42.50 

REGULATED POWER 
SUPPLIES 

A compact, uncased, regulated power sup-
ply, either for table use in the laboratory or 
for incorporation as an integral part of 
larger equipments. 50 watts, with regulated 
voltage from 0 to 200 volts. 
Model 90201, less tubes  $ 100.00 

FREQUENCY SHIFTER 
A favorite frequency shifter, plugs in, in 
place of crystal, for instant finger-tip control 
of carrier frequency. Low drift, chirpless key-
ing, vibration immune, big band spread, 
accurate calibration. 

Model 90700, with tubes  $42.50 

50 WATT TRANSMITTER 
Based on an original Handbook design, this 
flexible unit is ideal for either low power 
amateur band transmitter use or as an ex-
citer for high power PA stages. 

Model 90800, less tubes  $42.50 



SHAFT LOCKS 
In addition to the oririnal No. 10060 and No. 
10061 "DESIGNED FOR APPLICATION' shaft locks, 
we can also furnish such variations as the No. 10062 
and No. 10063 for easy thumb operation os illus. 
troted ahoy", The No. 10061 instantly converts any 
plain shaft" volume control, condenser, etc. 
from "plai s" to "shaft locked" type. Eoch to mount 
in place of regular mounting nut. 

No. 10060  $.3 6 
No 10061   .16 
No. 10062  45 
No. 10061   .45 

TRANSMITTING TANK COILS 
A full line—all popular worahr, fzr LI; bos.ds. 
Send for special catubg. 

DIAL LOCK 
Compact, easy to mount, positive in action, does 
not alter dial setting in operation! Rotation of knob 
"A" depresses finger "8" and "C" without importing 
any rotary motion to Dial. Single hole mounted. 

No. 10050  $.45 

• RIGHT ANGLE DRIVE 
Extremely compact, with provisions for many meth-
ods of mounting. Ideal for operating potentiome-
ters, switches, etc., that must be Ipcated, for short 
leads, in romote ports of chu 

No. 2    53.75 

THRU-BUSHING 
Efficient, compact, easy to use and neat appearing. 
Fits 1/4" hole in chas is. Held in place with o drop of 
solder or n"LS from a c. ios,.idg tool. 

No. 32151   5.05 

FLEXIBLE COUPLINGS 
The No. 39000 series of Millen "Designed for Ap-
plication" flexible coupling units include, in addition 
to improved versions of the conventional types, also 
such exclusive original designs os the No. 39001 
insulated universal ¡oint and the No. 39006 "slide-
action" coupling ( in both steatite <LA bakelite 
insulation). 

The No. 39006 "slide-action" coupling permits 
longitudinal shaft motion, eccentric shaft motion and 
out- of- line operation, as well as drive 
without backlash. 

The No. 39005 is similar fo the No. 39001, but is 
not insulated and is designed for applications 
where relatively high torque is required. The steatite 
insulated No. 39001 has a special anti- backlash 
ball und socket grip feature, which, however, limits 
its serviceable operation to torques of six inch' 
pounds. or less. All of the above illustrated units are 
for Vs" shoft and are stomiard production type 
units. 

No. 39001   5.36 
No. 39002  .36 
No. 39003  .21 
No. 39005  .36 
No. 39006  .36 

CATHODE RAY 
TUBE SHIELDS 

For many years we hove specialized in the design 
and manufacture of magnetic metal shields of 
nicoloi and murnetal for cathode ray tubes in our 
own complete equipment, os well os for applica-
tions of all other principal complete equipment 
manufacturers. Stock types as well as special de-
signs to customers' specifications promptly available. 

BEZELS FOR 
CATHODE RAY TUBES 

Bezel of cast aluminum with black wrinkle finish. 
Complete with neoprene cushion, green lucite filter 
scale and four " behind the panel" thumb screws for 
quick detachment from panel when inserting tube. 

No. 80075-5"  $7,50 
No. 80073-3"  3.90 
No, 80072-2"  1.25 
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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 134" 
radius. Constant impedance, heavy current, 
multiple finger rotor contador of new de-
sign. Available in all normal capacities. 

The 11000 series hus 16/1 ' ono center 
drive and fixed angle drive shaft. 

Code Volts Capacity Price 
11035 3000 35 6.90 
11050 3000 50 7.14 
11070 3000 70 7.80 
04050 6000 50 16.00 
04060 9000 60 18.00 
04100 6000 90 18.00 
04200 3000 205 20.00 

12000 and 16000 SERIES 
TRANSMITTING CONDENSERS 
Rigid heavy channeled aluminum end plates. 
lsolantite 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 same 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 lo..k, rear shaft extension, special mount-
ing brackets, etc., to meet your requirements. 
The 28000 series has semi-circular rotor 
plate shape. The 2900 series has approxi-
mately straight frequency line rotor plate 
shape. Pikes quuted on request. Many 
stock sizes. 

DIALS 
Just a few of the many stock types or small 
dials and knobs are illustrated herewith. 
10007 is 15/s diameter, 10009 is 21/2 " and 
10008 is 31/2 . 

No. 10007  .60 
No. 10008  1.00 
No. 10009  .85 
No. 10021   .15 
No. 10065  .36 

I.F. TRANSFORMERS 
The Millen "Designed for Application" line 
of I.F. transformers includes air condenser 
tuned, mica condenser tuned and permeabil-
ity tuned types for all applications. Standard 
stock units are for 465, 1600 and 5000 kc. 
B.F.O. and Crystal Filter units also available. 
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TUBE SOCKETS 
DESIGNED 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 ber ,Ilium 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  $ .27 

No. 33005  .27 

No. 33006  .27 

Na. 33007  .34 

No. 33008  .27 

No. 33888  .18 

No. 33087  .30 

No. 33002  .25 

No. 33102  .25 

No. 33202  .25 

Na. 33302  .21 

No. 33446  5.00 

No. 33991   .45 

No. 33992  .55 

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 on high priority. 

General Specifications: 2.5 mH, 250 mA for 
types 34100, 34101, 34102, 34103, 
34104, and limH, 300 mA for types 34105, 
34106, 34107, 34108, 34109. 

No. 34100  $.36 

No. 34101   .30 

No. 34102  .36 

No. 34103  .30 

No. 34104  .36 
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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"  $.21 
No. 36002-3/4"  .21 
No. 36004—W'  .21 

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 -  $.60 

SAFETY TERMINAL 
Combination high voltage terminal and thru-
bushing. Tapered contact pin fits firmly into 
conjcal socket providing large area, low 
resistance connection. Pin is swivel mounted 
in cap to prevent twisting of lead wire. 

Na. 37001, Black or Red  $.40 
No. 37501, Low loss  .55 

TERMINAL STRIP 
A sturdy four-terminal strip of molded black 
Textolite. Barriers between contacts. "Non 
turning" studs, threaded 8/ 32 each end. 

No. 37104  $.60 

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 for R.F. uses. Posts have captive head. 

No. 37202 Plates  $.30 
No. 37212 Plugs  .70 
No. 37222 Posts  .40 

STEATITE TERMINAL STRIPS 
Terminal and ug are one piece. Lugs are 
Navy turret type and are free floating so 
as not to strain steatite during wide tem-
perature variations. Easy to mount with 
series of round holes for integral chassis 
bushings. 
Na. 37302  $ .60 
No. 37303  .70 
No. 37304  .80 
No. 37305  .90 
Na. 37306  1.00 

MIDGET COIL FORMS 
Made of low loss mica filled brown bakelite. 
Guide funnel makes for easy threading of 
leads through pins. 
No. 45000  $.45 
No. 45004  .45 
No. 45005  .35 

TUNABLE COIL FORM 
Standard octal base of low loss mica-filled 
bakelite, polystyrene 1/2 " diameter coil 
form, heavy aluminum shield, iron 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  $1.85 
No. 74002, less iron core  1.50 
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We know that our brazing techniques are as 

good as can be . . but we also know that 

m milleweertletinirts be 

conduction through the brazed metals 

For that reason, we've developed o method of 

cutting our radiators for the 8002-R out of 

a solid chunk of metal; giving us a perfect 

heat conducting path between the core and its 

fins. This prevents " spot heating"' 

of the tube's copper anode. 

its quite o trick to slice those cooling tins 

so that they radiate equally from the center 

and do not vory in thicknes. But we mastered it! 

And we have hundreds of other 

"little differences" in the design and 

construction of the many, many types of 

transmitting, rectifying and special purpose 

tubes that comprise the extensive Amperex 

It's these little differences that combine to 

make the BIG difference when you 

re- tube with Amperex 

BRAZED SOLID 

AMPEREX ELECTRONIC CORP 
25 WASHINGTON STREET, BROOKLYN I, N. Y. 

In Canada and Newfoundland: Rogers Majestic Limited 

11-19 Irentcliffe Rood, Leaside, Toronto, Ontario, Canada 
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transmitters, exciters, receiver and 

variable frequency oscillator 

for Amateurs 

The Collins ham gear illustrated and 

described on the following three pages 

is all of completely new postwar de-

sign. It is engineered specifically for 

amateurs, and reflects a long, success-

ful experience in developing the most 

advanced types of radio communica-

tion equipment for amateur, commer-

cial and military uses. 

Collins engineering is evident in 

every detail of this equipment, from 

input to output. Cabinets, chassis 

units, and critical components such as 

variable pitch machine-wound coils (for 

precise linear tuning) are Collins-made. 

Purchased components are made to 

Collins specifications and must meet 

those specifications under searching 

tests before acceptance. Assembly, wir-

ing, sub-assembly and assembly tests, 

final tests and adjustments, are held to 

wartime standards. 

It is our intention to furnish the 

serious amateur with equipment that 

will give him the best performance 

that can be had, at reasonable cost. 

Users of this new equipment are ex-

pressing enthusiastic satisfaction. 

Write to any of our offices, below, 

for illustrated bulletins fully describ-

ing the Collins amateur equipment in 

which you are interested. 

For best results in amateur radio, its .. 

COLLINS RADIO COMPANY, Cedar Rapids, Iowa 

11 West 42nd Street, New York 18, N. Y. • 458 South Spring Street, Los Angeles 13, Col. 
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30K-1 TRANSMITTER 
• fte' 4 ' 

- - • 

500 watts CW, 375 watts phone inpu' 
The Collins 30K-1 is a versatile, reliable bandswitching transmitter fo 
the 80, 40, 20, 15, 11 and 10 meter bands. It has an audio peak clippin 
circuit which permits running the audio gain at a high level, thus main 
taming a high level of modulation. With the circuit set to become oper 
ative at 90% modulation, the carrier will not be overmodulated, and th 
increased audio power in the carrier side bands strengthens the sign 
and improves intelligibility. 

Bandswitching eliminates coil changing with the exception of th 
antenna tuning network, in which an antenna impedance matching cir 
cuit is incorporated. Two separate plug-in coils are supplied for thi: 
position, one covering 80 and 40 meters, the other covering 20, 15, 11 anc 
10 meters. This circuit efficiently couples the 30K-1 to any antenna oi 

transmission lines approximating an integral number of 34 or wav 
lengths. 

TUBE LINE-UP: 1-4-125A r-f power amplifier 
1-65.17 speech amplifier 
1-6SN7 audio amplifier 
1-6H6 speech clipper 
1-6B4G modulator driver 
2-75TH Class B modulators 
1-5R4GY bias rectifier 
1-5R4GY low voltage rectifier 
2-866A high voltage rectifiers 

Dimensions: 22" wide, 16W deep, 66W high. 

Power source: 115 volts a-c, 60 cps, single phase. 

Net price (complete with tubes), including 310A-1 Exciter Unit 

(complete with tubes), Microphone Cord, R.F. Cable, Power Cable 

and Instruction Book, F.O.B. Cedar Rapids, Iowa $1,450.0( 

310A EXCITER UNIT 

The bandswitching 310A exciter unit for the 30K-1 
has a highly stable permeability tuned oscillator. All 
circuits are ganged together and controlled by a 
single tuning knob. The band-lighted dial is cali-
brated directly in frequency and is adjusted at the 
factory to an accuracy of better than one dial divi-
sion on 40 meters. Accuracy on the other bands is 
directly proportional to the harmonic utilized. The 
output circuit is also adjusted at the factory for 

proper excitation of the 30K-1. 

Dimensions: 17%" wide, lej" deep, 10 1 2" high. 

Power source: 115 volts a-c, 60 cps, single phase. 

TUBE LINE-UP: 1-6SJ7 PTO 
1-6AG7 buffer amplifier 
1-6AG7 doubler 
1-807 multiplier 
1-807 output 
2—VR105 voltage regulatort 
1-5R4GY rectifier 
1-6x5 bias rectifier 
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Dimensions: 21W wide, 12W high, 13W deep. 

Power source: 115 volts a-c, 60 cps, single phase. 

Net price, complete with 14 tubes (including recti-

fier), Speaker and Cabinet assembly, and Instruc-

tion Book, F.O.B. Cedar Rapids, Iowa.. . .$375.00 

32V TRANSMITTER 
.nCe ie " • y e'er% • . -`er rereeàrriset wr.ene.-yei" -• e 

75A RECEIVER 

80, 40, 20, 15, 11 and 10 meter bands 
Double conversion and crystal filter controls, with 

a high frequency first i-f and a low frequency sec-

ond i-f, provide approximately 50 db image rejec-

tion, even on 10 meters, and a band width that is 

variable in 5 steps from 4 kc to 200 cycles at 2X 

down. A 2 microvolt r-f signal across the antenna 
terminals gives normal output with approximately 

6 db signal to noise ratio. Precision quartz crystals 
in the first conversion circuit, the inherent accu-

racy and stability of the Collins v.f.o. in the second 

conversion circuit, and linearity and lack of back-

lash in the tuning mechanism, all contribute to 
extreme accuracy and stability. Visual tuning is 

adjusted at the factory to better than 1 division of 
the band-lighted dial, which reads directly in fre-

quency. Line voltage fluctuations from 90 to 120 

volts cause the pitch of a code signal to change less 
than 100 cycles at 21,500,000 cycles (no voltage 

regulator tube used). 

150 watts CW, 120 watts phone 
A receiver-type cabinet houses the complete band-
switching transmitter—r-f (v.f.o. controlled), audio, 
power supply, and a network for antenna tuning 

and impedance matching. The v.f.o. is more accu-

rate and stable than most crystals used by ama-

teurs. All stages except the final are permeability 
tuned. The 32V can be visually tuned with a high 

degree of accuracy directly in frequency on the 

band-lighted dial. Audio distortion is less than 8% 

at 90% modulation with 1000 cps input. The fre-
quency response is within 2 db from 200-3000 cps. 

Frequency coverage: 80, 40, 20, 15, 11 and 10 meter 

bands. The 32V may be used for either permanent 

or portable installations. The only requirements 
are a simple antenna, a 115 volt a-c power source, 

and a key or microphone. It may also be used to 

drive a kilowatt final r-f stage and modulator. 

Net price, complete with tubes and Instruction 

Book, F.O.B. Cedar Rapids, Iowa $475.00 

TUBE LINE-UP: 

1-6SJ7 oscillator 

1-6AK6 class A r-f buffer 

1-6AG7 harmonic amplifier 

1-7C5 buffer doubler 

1-7CS buffer doubler 

1-4D32 r-f power amplifier 

1-6517 audio amplifier 

1-65N7 audio amplifier 

2-807 modulators 

1-5Z4 L. V. rectifier 

2-5R4GY H. V. rectifiers 

1-0A3jVR75 bias regulator 
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COLLINS PTO EXCITER UNITS 
The Collins 310B-1 and 310C-2 exciters provide 

not only the flexibility and convenience of variable 

frequency, but also the accurate calibration and 

high stability inherent in the Collins 70E-8 per-

meability tuned oscillator. Frequency is read 

directly from the dial with precision comparable to 

that of crystals. There are no reference charts or 

curves to interpolate. Like all Collins equipment 
shown on these pages, the 310B-1 and 310C-2 are 

engineered for extreme frequency stability in spite 
of line voltage fluctuations. 

310C-2 

Both of these exciters have self-contained power 

supplies. A third, the 310C-1, is similar to the 

310C-2, minus power supply. 

Net prices, complete with tubes and Instruction 
Book, F.O.B. Cedar Rapids, Iowa. 

3108-1 Exciter Unit $190.00 

310C-1 Exciter Unit   85.00 

310C-2 Exciter Unit   100.00 

getteregetale 310B-1 
The 310B-1 is a versatile bandswitching exciter unit, con-
servatively rated at 15 watts output on all amateur bands 

under 32 megacycles, and can be used as a complete 

low power cw transmitter. It has ample drive for a kilo-

watt final utilizing the new pentode tubes available. With 

additional multiplication it makes an excellent frequency 

control for amateur bands in the VHF and UHF regions. 

The 310C-2 consists of a 70E-8 PTO and a multiplier, with an 

r-f output of approximately 80 volts rms across 40,000 ohms. Its 

frequency range is from 3.2 mc to 4.0 mc. Its output can be 
plugged into the crystal socket, or applied to the grid of an 807 

buffer stage, thus providing a versatility far greater than any 

number of crystals, while at the same time maintaining crystal 

accuracy and stability. 

70E-8 VARIABLE FREQUENCY OSCILLATOR 

The Collins 70E-8 v.f.o., which is incorporated in the 310B-1, 310C-1 and 
310C-2 exciters above, may be purchased separately as illustrated. It is per-
meability tuned, and has a linear range of 1600 kc-2000 kc. Its overall accu-
racy and stability are of a very high degree. A secondary frequency standard, 
continually checked against WWV, is used in the factory calibration of the 
70E-8. A special corrector mechanism in the oscillator produces the linear 
calibration curve. Sixteen turns ox the vernier dial are required to cover the 
400 kc range. This v.f.o. may be used in an exciter, or in many types of measur-
ing instruments such as heterodyne frequency meters and band-edge spotters. 

Net price, complete with tube, Collins type 305H-2 Dial Assembly and In-
struction Book, F.O.B. Cedar Rapids, Iowa $40.00 44 



You're Looking at the Finest 

Complete liaminadund station 
The "HQ- 129-X" RECEIVER is designed to meet the 
demands of the most critical amateurs. Its design includes 
every feature essential to finest performance. 

The "HQ- 129-X" has a continuous range from .54 to 31 
megacycles in six separately calibrated bands with con-
tinuous bandspread on the four higher bands. In addition, 

the bandspread dial is calibrated for each of the four 
most important amateur bands- 3.5-4 mc, 7-7.3 mc, 
14-14.4 mc and 28-30 mc. 

The "HQ- 129-X" has the Hammarlund patented vari-
able wide- band crystal filter which works exceptionally 
well on phone or short wave broadcast signals. There are 

many other features: Variable antenna compensator, 
beat oscillator, voltage regulator, series noise limiter, 
send- receive switch, automatic volume control, calibrated 

"S" meter, audio gain control, sensitivity control— plus all 
that goes into a receiver built by engineers who have spent 
a lifetime designing commercial communication equipment. 

The "HQ- 129-X" is available complete in a two-tone 
gray finish including tubes and a 10 inch P. M. dynamic 

speaker. 

"HO- 129-X" with speaker Net Price $ 189.15 

Send for twenty-page technical booklet 

The "FOUR-20" TRANSMITTER is a complete crystal 
controlled CW unit with a full 20 watts output at the an-
tenna terminals on all amateur bands from 80 through 10 
meters. The oscillator and multiplier stages are controlled 
by MONO-SEQUENCE tuning, a Hammarlund develop-
ment which tunes four circuits to four different, but har-
monically related frequencies, by means of one control. 

All stages except the final can be switched to any band 
by means of the band change switch. The final stage uses 
plug-in coils. Stability is assured by means of an improved 
oscillator circuit. A tap on the output coil assures a match 
between the output of the transmitter and any transmission 
line from 50 to 600 ohms. 
FOUR- 20 with 10 meter coil   Net Price $ 120.00 
20 meter coil Net Price 2.70 
40 meter coil Net Price 2.70 
80 meter coil   Net Price 2.70 

The "FOUR- 11" MODULATOR is-designed for use with 
the Four-20 when phone operation is desired. A complete 
audio system with built-in power supply the Four-11 will 
produce more than enough power to modulate the 807 
final of the transmitter. 

FOUR- 11 with 8000 ohm output Net Price $ 72.50 
FOUR- 11 with 600 ohm output  Net Price 73.50 

Send for technical booklet 

HAMMARLUND MANUFACTURING CO., INC., 460 West 34th Street, New York 1, N. Y. 



"MC" MIDGET 

CAPACITORS 

Split type rear bearings and noiseless 

wiping contact. Isolantite insulation. All 

contacts riveted or soldered. Vibration 

proof. Nickel plated soldered brass plates. 

Code Capacity Net 
MC- 20-S   20 mmf. $1.80 
MC- 35-S  35 'ref  1.86 
MC- 50-5  50 nunf.  1.92 
MC-50-M  50 mmf  1.92 
MC-75-S  80 flue  2.04 
MC-75-M  80 mmf  2.04 
MC- 100-S 100 net.  2.16 
MC- 100-M 100 mrnf.  2.16 
MC- 140-S 140 rnrnf  2.34 
MC- 140-M 140 rnmf.  2.34 
MC-200-M 200 rnmf  2.58 
MC-250-M 260 rrunf.  2.70 
MC-325-M 320 rnmf.  2.94 

"M"-Midline Plates. "F-Straight Line Cap. Plates. 

"MTC" 

TRANSMITTING 

CAPACITORS 

Isolantite insulation. Base 

or panel mounting. "B" 

models have rounded plate 

edges, "C" types have 

plain plate edges. 

Code Capacity Net 
MTC-20-13  20 mmf $4.05 
MTC-100-8 100 mmf.  5.25 
Mit-1 50-C 150 mmf.  5.85 
MTC-250-C 260 nunf.  4.65 
MTC-350-C 365 mmf.  4.80 

"FS- 1 3 5 -C" FREQUENCY STANDARD 
The FS- 1 35-C is o compact fre-

quency standard which can be 

built into almost any receiver. A 

special 100 KC crystal generates 

marker signals ever 100 KC 

throughout the entire range of the 

receiver. The crystal frequency 

con be adjusted to zero beat with 

W WV and once this adjustment 

has been made the accuracy of 

the unit equals that of a costly 

frequency standard. 

Code Net 

FS-135-C $14.25 

FLEXIBLE COUPLINGS 

Designed for both insulated and non. 

insulated applications. The PC- 46-S is in-

sulated for 5000 volts with silicone treated 

ceramic. Overall depth "À6", diameter 11/4"• 

The FNC-46-S is a non- insulated coupling. 

Overall depth "/-32", diameter 11/4 ". 

Code Net 

FC-46-S-Insulated  § .66 

FNC-46-5-Non-insulated   .66 

MIDGET "APC" CAPACITORS 
This new midget variety of the well known APC 
condenser is designed for use where space is 
limited. Size of 100 turd, "At" x 25/-g" x 
Mounting holes 17/32" apart. Ideal for H.F. cir-
cuits. Isolantite insulation. Nickel plated soldered 
brass plates. 

Code Capacity Net f' 

MA PC- 15  15 $ .99 
MAPC-25  25  1.02 
MAPC-35  35  1.08 
MAPC-50  50  1.14 
MAPC-75  75  1.26 
MAPC-100 100  1.38 

"APC" MICRO CAPACITORS 
For H.F. and very H.F. For I.F. tuning, trimming 
R.F. Coils or gang capacitors, general pad-
ding, etc. Constant capacity under any con-
dition of temperature or vibration. Size 100 
mmf. 1'712" x "As" x 1%32". lsolantite base. 
Nickel plated soldered brass plates. 

Code Capacity Net 

APC-25  2$ nunf $1.02 
APC-50  50 mmf  1.14 
APC-75  75 mmf   1.26 
APC-100 100 mrnf.  1.38 
APC-140 140 mmf.  1.62 

BUTTERFLY CAPACITOR 

Designed for use in VHF and UHF applica-

tions where the butterfly design is indis-
pensable. Can be used as o single series unit 
or as a split stator with grounded rotor. 

Low-loss ceramic end panel, approximately 

lYs" square. 

Code 

BFC-12 
BFC-25 
BEC- 38 

MMF. Cap. 
per Sec. Series Cap. 
Max. Min. Max. Min. Net 

14.5 3.5 7.9 2.2 $ 1.50 
27.5 5.0 14.5 3.0 1.68 
40.5 6.3 21.0 3.7 1.98 

"RMC" CAPACITOR 
Sturdy frame consists of 3/32" aluminum 
end plates reinforced by three hori-
zontal bars which hold the assembly 
absolutely rigid. Brackets are pro-
vided for mounting either side down, 
or to a front panel with spacing 
pillars. 

Code Capacity Net 
RMC-50-S 50. mmf.... $2.22 
R MC- 100-5 105. snmf.... 2.53 
R MC- 140-5 143.5 mmf.... 2.70 
RMC-325-5 327. mrnf.... 3.39 

"NZ- 10" NEUTRALIZING CAPACITOR 
The improved design of the NZ- 10 features‘,,,,,, 

smooth micrometer capacity adjustment and , 

positive locking. Aluminum plates are smoothly 

rounded to prevent flashover. Low loss glazed 

steatite insulators. Aluminum base. Horizontal 

adjustment. 

Dimensions: 21,/is" high x 1"A6" deep. 

Code Capacity Net 

NZ- 10 2  3-10 mrnf. $3.15 

PRICES ANO ITEMS SUBJECT TO CHANGE WITHOUT NOTICE. WRITE FOR COMPLETE CATALOG. 

HAMMARLUND MANUFACTURING CO., INC., 460 West 34th _Street, New York 1, N. Y. 
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SERIES 600 " SUPER- PRO" 
DESCRIPTION 

Cheers from the experts— The new Series 600 SUPER-
PRO is the finest communications receiver that money can 
buy. No "warmed over" model, the Series 600 is entirely 
new in electrical concept and mechanical design— truly 

"years ahead" of present day receivers. When you check 
this entirely new SUPER-PRO for such things as image re-
jection, stability, calibration accuracy, etc... . you will find 
performance that you would not have thought possible. 
You'll find that "years ahead" in design mean "years 
ahead" in performance. 

Band changing in the new SUPER-PRO is accomplished 
by means of an ingeniously designed rotary turret which 
places the coil assemblies of the two R.F., Mixer and 
Oscillator stages directly adjacent to their respective sec-
tions of the four gang tuning condenser where they are 
electrically most efficient. 

By means of the mechanical system used in the SUPER-
PRO 600-X both the main and band spread dials are 
tuned simultaneously with one control and the need for 
first setting the main dial is eliminated. The dial drive 
mechanism is entirely gear coupled to the main tuning 
condenser, producing the kind of calibration accuracy 
usually associated only with costly laboratory standards. 

A double conversion circuit affords two advantages— 
the high frequency I.F. channel produces so great a degree 
of image suppression that image response in the receiver 
is negligible even at th?. highest frequencies—the low fre-

quency (455 KC) I.F. channel makes possible a receiver of 
extreme selectivity. The 455 KC I.F. channel has the fan-ous 
SUPER-PRO crystal filter. 

RANGE 
Band 1 • 540 Kc-1.35 MC 

2 • 1.35 MC- 3.5 MC 
3 • 3.5 MC-7.0 MC 
4 • 7.0 MC- 14.4 MC 
5 • 14.4 MC- 29.7 MC 
6 • 29.7 MC- 54 MC 

CALIBRATED BAND SPREAD 

80, 40, 20, 10 and 6 meter amateur bands. 

TUBES 
17 tubes ( plus 5U4G rectifier and VR150 voltage regu-
lator) as follows: 

Three-6BA6's One-6SN7GT 
Two-6BE6's Two- 6H6 
Two-6C4's One- 6.15 
Four-6SG7's Two-6V6GT's 

SELECTIVITY 

Variable in 6 steps, three with crystal out and three with 
crystal in. From wide band high fidelity to razor sharp 
single signal reception. 

SENSITIVITY 
The sensitivity is better than 2 microvolts throughout the 
entire frequency range of the receiver, based on a 10 DB 
signal plus noise to noise ratio. 

PRICE 
SPC-600-X receiver (Table Model) with PM Speaker and 
Speaker Cabinet $395.00 Net. 

Write For Tt chnical Booklet 

PRICES SUBJECT TO CHANGE WITHOUT NO -ICE, SLIGHTLY HIGHER ON WEST COAST 

HAMMARLUND MANUFACTURING CO., INC., 460 West 34th Street, New York 1, N. Y. 



Type A Mica Capacitors 
600 to 2500 W. V. D. C. 

Particular People--
those folk at Sangamo! They know that top-notch rigs need precise, 
stable capacitors to stay on the air—and they have been making 
just such dependable capacitors for a quarter of a century." 

Old-time hams recognize Sangamo Quality .... Get acquainted with 
the Sangamo line today. Your jobber can supply you. 

Type 71 
Diaclor 

Impregnated 
Capacitors 

Type H Mica Capacitors 
600 to 2500 W. V. D. C. 

SANGA/AO 
TYPE! 

MICA CAPACITOR 

11.1, VOLTS 

SANGAmORECI R,cc ,) 
, 

Type E Mica Capacitors 
Specifically Designed for Hams 

CAPACITORS 

MICA 

PAPER 

SILVER 
SC472 
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Deluxe Rotator Direct;on Indicator 

/1 
ROTARY BEAM 

5167fie eefree 

Extremely effective for reception as well as transmis-

sion, the Deluxe Dual-Three Signal Squirter is the first 

rotary beam off aring full performance on both 10 

and 20 meters. 

Each of the two three-element arrays is coupled 

to the line with a separate Inductostub inductive 

coupling. Match between antenna and line is so 

simplified that the Signal Squirter can be assem-

bled, installed and operated without tedious, compli-

cated adjustments. 

The strong Deluxe Rotator weighs only 56 pounds. 

The DX "Champ" 

on 10 and 20 Meters 

Unlimited rotation either direction 

Indoctos tub matched coupling 

Two band operation 

Deluxe rotator 

Positive position lock 

High forward directivity 

High front- to- back ratio 

II Rigid low-loss elements 
Easily tuned 

II Durable and efficient 
Non-resonant transmission line 

Base and top diameters only 15 inches. Rotator deliv-

ers ample torque through precision reducing gears 

actuated by non-interfering motor. 

The selsyn indicator is synchronized with the array. 

Signal Squirter Kit includes Rotator with mounted 

Inductostub assembly, direction indicator, center sec-

tion, elements and insulators with all hardware ready 

for installation. 

See your Jobber, or write today for complete details. 

Manufactured under .,11ims potent number 2,292,791. 

To assure top performance, thousands of alert amateurs also de-
pend on Am phenol for: Twin-lead transmission line, plastic window 
pane, Silicone compound, stand-off and screw eye insulators, line 
spreaders, and a complete line of communications components! 

AMERICAN PHENOLIC CORPORATION 
1830 S. 54th AVE., CHICAGO 50, ILLINOIS 

COAXIAL CABLES ANA CONNECTORS • INDUSTRIAL CGtitiECTORS. FITTINGS AND CONDUIT • ANTENNAS•RADIO COMPONENTS•PLASTICS FOR ELECTRONICS 
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MEASUREMENTS 

Model 59 

MEGACYCLE METER 
The Model 59 consists of a compact 
oscillator connected by a flcxible 
cord to its power supply. The instru-
ment is a variable frequency oscilla-
tor, an absorption wave-meter, an 
oscillating detector and a tuned cir-
cuit absorption detector. The engi-

neer, technician, service man or 
amateur will find the Model 59 a 
most versatile instrument suitable for 
many applications. 

SPECIFICATIONS: 

FREQUENCY: 
2.2 Me.. to 400 Mc.; seven plug-in coils. 

MODULATION: 
CW or 120 cycles; or external. 

DIMENSIONS: 
Power Ulit, 51/2 " wide; 61/2 " high; 71/2 " 
deep. Oscillator Unit, 31/4 " diameter; 2" 
deep. 

POWER SUPPLY: 
110-120 volts, 50-60 cycles; 20 watts. 

MODEL 59 APPLICATIONS: 
• For the determination of the resonant 

antennas, transmission lines, by-pass condensers, chokes 
resonant circuit. 

• For measuring capacitance, inductance, Q, mutual inductance. 

• For preliminary tracking and alignment of receivers. 

• As an auxiliary signal generator; modulated or unmodulated. 

• For antenna tuning and transmitter neutralizing, power off. 

• For locating parasitic circuits and spurious resonances. 

• As a low sensitivity receiver for signal tracing. 

Descriptive Circular on Request 

frequency of tuned circuits, 
or any 

MANUFACTURERS OF 

StandzscieScigzIraore:rerators 

scwa gwrnaawleo:neratOr 
re s 

enerators utruace7reumS' obe Voltmeters 

mCS isf mtt NO 
;4er: tedeetgre:d'eld 

P res.@ Ssie:;cizu;efnzedeen prmndireeastrors 

MEASUREMENTSCORPORATION 
BOONTON NEW JERSEY 
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CORNELL-DUBILIER CAPACITORS 
have long been noted for their extra measure 

of dependability and stability of electrical 

characteristics. Today — as radio digs deeper 

and deeper into V-H-F and U-H-F — this C-D 

"extra" gives hams complete assurance of 

accurate tuning, frequency stability, and un-

interrupted operation. 

Cornell-Dubilier Electric Corporation, Dept. 

AH8, South Plainfield, N. J. Other plants 

at New Bedford, Worcester and Brookline, 

Massachusetts, and Providence, Rhode Island. 

KEEP YOUR RIG ON THE AIR- ON YOUR FREQUENCY 

WITH THESE C- D CAPACITORS 

TYPE TJU 

Dykanol transmitter filter capacitor — compact, 

safety- rated, supplied with universal mounting 
clamp and heavily-insulated terminals. Hermet-
ically sealed against all climatic conditions. 

Housed in sturdy steel container, aluminum-

painted non-corrosive finish. Can be mounted 
in any position. Extra high dielectric strength. 
Conservative D-C rating — triple tested. Wide 

range of capacity and voltage values available. 

TYPE 6 

Mica transmitter capacitor for medium power 
rigs — designed for R-F applications where 
size and weight must be kept at minimum. 
Exclusive C-D patented series-stack mica con-
struction. Impregnated for low loss, high in-
sulation, prevention of air voids. Suited for 
grid, plate, coupling, tank and by-pass uses. 

TYPE 59 

Mica transmitter capacitor — extremely adapt-
able, dependable under the most severe oper-

ating conditions. In low- loss, white glazed 

ceramic case. Low-resistance, wide-path termi-
nals. Can be mounted individually or stacked 

in groups for series or parallel combinations. 
For grid and plate blocking, coupling, tank 
and by-pass applications in hi-power ham 
transmitters. 

TYPE IR 

C-D "Silver-Mike" Silvered Mica Capacitors 
ore for use in high 0 electronic circuits where 
frequency stability and minimum loss must be 

maintained. They are ideally suited for use 
in circuits where the LC product must be main-
tained constant. All units are rated at 500 
V.D.C. and tested at 1,000 V.D.C. 

MICA • PAPE • DYK ANOL 
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Gives helpful information and doto 

on C- D's complet• line of Copan--

ton for every horn application, 



PAR-METAL Standa rd RACKS, CABINETS 
CHASSIS, PANELS 

ADAPTABLE FOR EVERY REQUIREMENT 

Par- Metal Housings for Electronic Apparatus, offer new features, including beautiful streamlined design, 
rugged construction, and adaptability. Eliminate need for Special Made-to-Order units on many jobs. Par-Metal 
offers standard ready- to- use housings for every type of transmitting or receiving apparatus. 

Par-Metal offers all the essential equipment needed to build up any sort of a job— from a Small Receiver to a Deluxe 
Broadcasting System. 

WRITE FOR 

CATALOG! 

PAR-METAL PRODUCTS CORPORATION 
32-62 49th Street, Long Island City 3, N. Y. 

EXPORT DEPT.: ROCKE INT. CORP., 13 E. 40th St., New York 16, N. Y. 
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your 
basic 

3R? 
for correct 

current control 

SEND FOR 

FREE CATALOGS 

Write for Amateur Re-
lay Catalog No. D-11 1, 
and for Resistor- Rheo-
stat Catalog No. D-2. 

RELAYS—provide convenient circuit control, pro-
tection, and greater operating efficiency ... help 
reduce length of connecting leads. Amateur Relays 
available from stock: Antenna Change-Over, An-
tenna Grounding, Keying, Band Switching, RF 
Break-In, Safety, Overload, Underload, Latch-In, 
Remote Control, Sensitive, Time Delay. Also In-
dustrial and General-Purpose Relays. 

RESISTORS — exclusive features of VITROHM 
wire-wound resistors insure that extra perform-
ance needed in critical circuits. Fixed type in 8 
stock sizes from 5 to 200 watts. Adjustable type in 
7 stock sizes from 10 to 200 watts. Wide range of 
resistance values. Stripohm, Discohm, and Plaque 
types also available. 

RHEOSTATS— for fixed or variable close control. 
Protected by tough, acid resistant, crazeless vitre-
ous enamel. Sizes: 25, 50, 100, and 150 watts, in 
wide range of resistances. 

Authorized Distributors Everywhere 

WARD LEONARD ELECTRIC COMPANY 

Radio and Electronic Distributor Division 

53-K West Jackson Blvd., Chicago 4, U. S. A. 

WARD LEONARD 
RELAYS • RESISTORS • RHEOSTATS 

Electric control e devices since 1892 
55 
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BROWN DEVIL 

RESISTORS 

Small, extra sturdy, wire 
wound, vitreous enameled 
resistors for voltage drop-
ping, bias units, bleeders, 
etc. Proved right in vital in-

stallations the world over. In 5, 10 and 
20-watt sizes in values to 100,000 ohms. 

MITE 
DUMMY ANTENNA 

RESISTORS 

To check r.f. power, determine 
transmission line losses, check 
line to antenna impedance match. 
Helps tune up to peak efficiency. 
Noninductive, non - capacitive, 
constant in resistance. 100 and 
250-watt, in various resistances. 

CENTER TAPPED 

RESISTORS 

For use across tube filaments 
to provide an electrical cens 
ter for the grid and plate re-

turns. Center tap accurate to plus 
or minus 1%. Wirewatt (1 watt) and 
Brown Devil ( 10 watt) unite, in resist-
ances from 10 to 200 ohms. 

NEW 

HIGH FREQUENCY 

e CHOKES 

Single layer wound on low 
power factor steatite or bake. 
lite cores, with moisture. 
proof coating. Seven stock 
sizes for all frequencies from 

3 to 520 me. Two units rated GOO ma, 
all others are rated 1000 ma. 

ADJUSTABLE 

DIVIDOHMS 

You can quickly adjust these 
handy vitreous enameled Dividohm 

resistors to the exact resistance you 
want, or put on one or more taps wher-
ever needed for multi-tap-resistors and 
voltage dividers. In 7 sizes from 10 to 
200 watts. Resistances to 100,000 ohms. 

FIXED RESISTORS 

Resistance wire is wound 
over a ceramic core, perina. 

nentiv locked in place, insulated 
and protected by Ohmite vitreous 
enamel. T,11, l ; tt ;tied by lugs. 25, 50, 1110, 
160 and 200-watt stock sizes, in resist-
anees from 1 to 250,000 ohms. 

0
 e
 1
+
•
•
•
•
•
•
—
%
•
•
•
•
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dir PARASITIC 

Small, light, com pact nonin-
ductive resistor and choke in 

SU PPR ESSOR 

parallel, designed to prevent 
u.h.f. parasitic oscillations which oc-
cur in the plate and grid leads of push-
pull and parallel tube circuits. Only 
Pie long over-all and %" us diameter. 

R. F. POWER LINE CHOKES 

Keep r. f. currents from going out 
over the power line and causing inter-
ference with radio receivers. Also used 
at receivers to stop incoming r f inter. 
ference. Wound on a ceramic core and 
has a moistureproof coating. Three 
stock sizes, rated 5, 10, and 20 amp. 
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RHEOSTATS...RESISTORS...CHOKES.. 

POTENTIOMETERS...SWITCHES 

eleaeze Deceeet‘e 

CLOSE- CONTROL 

RHEOSTATS 

Itimire permanently smooth, 
close control in communi-
cation, electronic and elec-
trical devices. Widely used 
in industry. All ceramic, 

vitreous enameled. 25, 50, 75, 100, 150, 
225, 300, 500, 750 and 1000-watt sizes. 

HIGH- CURRENT 

TAP SWITCHES 

Compact, all ceramic, multi. 
point rotary selectors for A.C. 
use. Silver to silver contacts. 
Rated at 10, 15, 25, 50 and 100 
amperes, with any number of 
taps up to 11, 12, 12, 12, and 

8 respectively. Single or tandem. 

R11-2 DIRECTION 

INDICATOR 

POTENTIOMETER 

A compact, low cost unit used in 
a simple potentiometer circuit as 
a transmitting element to indi-
cate, remotely, the position of a 

rotary-beam antenna. Used with a 0-1 
milliammeter and 6-v. battery. 

MOLDED 

COMPOSITION 

POTENTIOMETER 

A high quality 2-watt unit 
with a good margin of 
safety, for industrial and 

ur use. Unaffected by heat, cold, 
moisture, or length of service. Sold 
only through Ohmite distributors. 

LITTLE DEVIL 

INDIVIDUALLY MARKED 

INSULATED 

COMPOSITION RESISTORS 

New, tiny, molded fixed resist-
ors each marked with resistance 

and wattage rating. 1/2 Watt, 1 watt, 
and 2 watt sizes, -±- 10% tolerance. Also 
±-5% in 1/2 and 1-watt sizes. 10 Ohms 
to 22 megohms. Sold only through 
Ohmite distributors. 

HANDY 

OHM'S LAW 

CALCULATOR 

Figures ohms, watts, volts, amperes—quickly, eas-
ily. Solves any Ohm's Law problem with one setting 
of the slide. New pocket size-9"x3" has all comput-
ing scales on one side. Resistor color code on back. 
Send 25¢ in coin to cover handling cost. 

OHMITE MANUFACTURING COMPANY 

4840 Flournoy Street, Chicago, U. S. A. Coble "Ohmlteco" ISEND FOR FREE CATALOG Stock catalog lists hun-
dreds of units, gives 
helpful information. 



IT'S SYLVANIA 
TUBES-- CRYSTAL DIODES 

ition when it 

-- 

It can never be a hit or miss propos by Sylvania 
comes to radio tubes manufactured 
Electric. Experiments for new and better materials 

for further im antly. example 

proving Sylvania Radio Tubes are 

carried on const The f arnous L,ock-In Tube, for , is so 
mechanically rugged, so efficient electrically, that it quency circuits 

can handle high and ultra-high fre  

with ease. use as second 

These diodes are well adapted for  
detectors arid d-c restorers in television receivers; 
frequency discriminators in FM circuits; first detec-

.......--- tors; modulators and demodulators. Supplied in tiny cartridges, they require no heater 
be w ired directly 

supply or by 

and may 
into circuits by means of tinned copper leads. 

.. • and Duo-Diode 11435 

This instrument is especially useful in rapid re-

ceiver alignment and trouble-shooting. Controls 
are easily accessible. Hood shades face o 

f 

cathode ray tube perrnitting use of instrument in 

well-lighted room. This 3-inch cathode ray tube 

is shock-mounted 
fields. and shielded againt stray 

s 

cabine is steel construction, ventilated with 

louvers, and finished carried; ighs o iractive 

n att pearl-gray 

baked enamel. Easily wenly for 

18 

pounds. Eight-foot power cord provided  

quick installation. 

SYLVANIA 
MAKERS OF RADIO TUBES; CATHODE RAY TUBES; ELECTRONIC DEVICES; 
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FOR... 
TRANSMITTING TUBES ••• 

SPECIAL ELECTRONIC TWIES•ei 

First of Sylvania's new line of transmitting tubes45 

, the 

3D24 is a four-electrode amplifier and oscillator 1pwmi th 

watt anode dissipation. Art outstanding deveoent is 
the electronic graphite anode, which allows high plate 
dissipation for small area and maintains constant inter-
electrode relationship and uniform tube characteristics. 

For the first time, counter tubes with stable, uniform 

characteristics are now available for practical use in the 

3024 field of radioactiv count 

'The GIB-302 beta-rbe w ill be ay to researc 

very valuable n techniques in industry, h 
and mede, especialiY in rnedical diagnosis and 

therapy. Sylvania Type GD-304, the gamma-ray - 
ing companion to the GB-302, is useful in radiological 
safety surveys and other applications where gamma 

ill radiation must be efficiently measured. In edition, the 
GG-304 can be used for cosmic ray studies, partitcularly 

in coincidence work. 

GB-302 

GG-304 

These quality products of Sylvania Electric indicate 

the scope of manufacturing facilities constantly serv-

ing all phases of the radio industry. 

Sylvania Electric Products Inc., Radio Tube Division, Emporium, Pa. 

ELECTRIC 
FLUORESCENT LAMPS, FIXTURES, WIRING DEVICES; ELECTRIC LIGHT BULBS 
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3X2500A3 3XI2500A3 

4XIOJA I 4X150A I 4X5I3:`A I 866A 

4 - 
1 i , 

I i i i 
1 I i 1 
1 1 I :WR l vACUUM CAPACITE1R vX(.1.11/M CAPAtITrIC 1 

VARIABLE 
100R  

60 

1500T 

HR 

V CL/UM flIMP MEAI 1,11SIPATINE% I 
CONNECTOR VAcuum 

20001 

4-250A 

Listed on these pages are Eimac tubes, "proven in service" for more than a decade in the most outstanding 

electronic equipment in operation. When you invest in a product trade marked "Eimac" you are assured of the utmost 

in performance und dependability ... backed by the reputation of America's foremost manufacturer of high-fre-
quency transmitting tubes. 

Further data and application notes are available, write direct, or see your dealer. 

EITEL-McCULLOUGH, INC., 184 San Mateo Avenue, San Bruno, California 

sV•u•S-t81.011. 



EIMAC TUBES 
EIMAC 

TUBE 

TYPES 

ELECTRICAL MECHANICAL MAX. RATINGS 

e e > 0,, 
5-, anui 

= 

08 08 TUBE 
PRICE 

a 

0 

3 
o 

251 
3C24 
35T 
35TG 
UH50 
75TH 
75TL 
2C39 • 
100TH 
100TL 
152TH 
15211. 
3C37• 
250TH 
250TL 
304TH 
30411. 
450TH 
45OTL 
750TL 
10001 
15001 
2000T 
3X2500A3 • 
3X2500F3• 

3X 12500A3 

6 3 3.0 . 29 1.6 2 4 0,4 2500 

6 3 3.0 25 1.6 1.8 0.2 2500 

5 I) 4 0 33 1.9 4.0 0.2 2850 

5.0 4.0 30 1.9 1.9 0.2 2850 

7 5 3.25 13 2.4 2.2 0.4 .... 

5.0 6.5 20 2.3 3.5 0.25 4150 

5 0 6.5 11 2.3 2.2 0„4 3350 

6.3 1,1 1.95 6.5 0.30 21.000 

50 6.2 40 2.0 2.9 0.0 5500 

5.0 6.5 12 2.3 2.0 0.4 2100 

M8-07I 3G 4.38 1.43 

M8-071 3G 4.38 1.43 

M8-078 3G 55 1.81 

M8-078 2M 5.75 1.81 

M8-078 2M 70 269 

2000 

2000 

2000 

2000 

1250 

3000 16 75 

3000 13 75 

1000 3 100 

3000 20 100 

3000 15 100 

7 25 

6 25 

IS 50 

IS 50 

13 50 

$ 6.00 
6.00 
7.00 
8.00 
15.00 

HR-1 HR-1 

HR-3 HR-3 

MR-2 MR-2 

M8-078 2M 7.25 2.81 

M8-078 2M 7.25 2 131 

275 1,26 

M8-078 2M 7.75 3.19 

M8-078 2M 7 75 3.19 

50008 48C 7.63 2.56 3000 

50000 48C 7.63 2.56 3000 

3.10 1.50 1000 

50018 2N 10.13 3.81 4000 

50018 29 10.13 3.131 4000 

50000 46C 7.63 3 56 

500013 48C 7.63 3.56 

500213 4AQ 12.63 5.13 

50028 4AQ 12.63 5.13 

500313 480 17.0 7.13 

10.50 
10.50 
30.00 
15.00 
15.00 
24.00 
24.00 
45.00 
27.50 
27.50 
59.00 
50.00 
70.00 
70.00 
150.00 
125.00 
200.00 
250.00 
165.00 
165.00 
700.00 

HR-3 HR-2 

HR-3 HR-2 

MR-6 HR-2 

MR-6 HR-2 

5 or 10 13 or 6 5 20 4.7 7.0 0.5 8300 

5 or 10 13 or 6.5 11 5.0 4.8 0.8 7150 

6.3 2.4 3.50 4.25 0.60 8000 

5.0 10 5 37 2 9 5.0 07 6650 

5 0 10.5 13 3.5 3.0 0 S 2650 

or 10 26 or 13 20 9.4 14.0 1".0 16.700 

5 of ID 26 or 13 11 10.0 10.0 LS 16,700 

7.5 12.0 38 4,7 8.1 Oat 6650 

7.5 12 0 19 5.0 6.6 0.9 6060 

7.5 21.0 15 4.5 6.0 0.8 3500 

30 150 

25 150 

150 

40 250 

35 250 

HR-5 HR-8 

HR-5 HR-8 

HR-6 H14-3 

HR-6 MR-3 

3000 900 

3000 1000 

6000 500 

6000 500 

6000 WOO 

6000 750 ... 80 1000 

6000 1250 „.. .. 125 1500 

6000 1750 150 2000 

5000 2000 ... 125 2500 

5000 2000 125 2500 

5000 800 .. 600 I: 500 

60 300 

SO 300 

80 450 

65 450 

100 750 

HR-7 HR-6 

HR-7 HR-6 

HR-8 HR-8 

HR-8 H10-8 

H R-8 HR-11 

7.5 16 0 30 4.0 6.0 0.6 9050 

7.5 26,0 24 7.0 9.0 1.3 10.000 

10.0 26 0 20 9.0 13.0 1.5 11.000 

7.5 48 20 20 48 L2 20.000 

50046 4AQ 12.63 5.13 

50058 4130 17.0 7.13 

50068 480 17 75 8.13 

9,0 4.25 

HR-9 HR-9 

H R-8 H R-9 

HR-8 HR-9 

7.5 48 20 20 48 1.2 20.C4)0 

IS I 92 20 95 240 5. 80 000 

„. 90 4.25 

.. 95 III 

4-05 A 
4X100A• 

4-125A 

4X150A • 

4-250A 
4X500A • 

4-1000A 

6. 

6. 

50 

6 

35 

2.0 

62 

78 

O 08 8. 

4.5 .00 14.1 

62 0 03 10 3 

45 02 141 

2.1 

4.7 

30 

47 

4000 

12.000 

2450 

12 000 

50088 

4.25 2.31 

2.56 1.62 

589 2 n 
25 I 75 

3000 I50 410 10 5 65 

1000 250 300 15 4 100 

3000 225 400 30 5 125 

1000 250 300 10 B ISO 

4000 350 600 50 5 250 36.00 
4000 300 450 30 5 500 85.00 

032,0 700 1000 75 25 1000 108.00 

14.50 t.10.6 •• 

25.00 HR-6 

31.00 

5.0 14.5 006 12.7 4.5 4000 

5 0 12.2 005 11.1 3.75 5200 

75 23 72 24 27.2 7.6 10,000 

50088 6.38 3.56 

0.32 2.57 

513K 905 5, 

HR-6 

HR-8 

MERCURY VAPOR RECTIFIERS HIGH VACUUM RECTIFIERS 

866A 

866" 

RX21A 

• RX-2I 

872A 

.872. 

KY21A 
KY- 2I 

Grid Control, 

100-R 2-150A 

.7 52-R 

2-150D 

152- RA 

290-R 

I. Filamera Voltage 

2. Filament Current 

3. Peak Inverse Voltage 

4. Peak Plate Current 

5. Average Plate Current 

2.5 

50 amperes 

10.000 

1 0 amperes 

25 Imperes 

2.5 

10 amperes 

11.000 

3 amperes 

75 amperes 

5.0 

7.5 amperes 

10,000 

5.0 am Peres 

1.25 amoeres 

2,5 

10 amperes 

11,000 

3 amperes 

.75 amperes 

5.0 

6.5 

40.000 

.100 amperes 

5.0 

13.0 

30,000 

.150 amperes 

5.0 

13,0 

30.000 

150 amperes 

5.0 

10.5 

60.000 

.250 amperes 

Pr,ce 51.75 $8.00 57.50 510.00 513.50 .515.00 515.00 520.00 

Type VC6-20 

Capacity 6-rnintd 

Rating 
RF Peak 

20-KV 

VCI2-20 I VC25-20 

I2-mmtd ! 25-rnmfd 

20-KV I 20-KV 

VC50-20 

50 mmtd 

20-KV 

VC6-32 

6-mmtd 

32-KV 

VCI2-32 

12-nimfd 

32-KV 

VC25-32 

25-morid 

32-KV 

VC50-32 

50-mintd 

32-KV 

Prise 512.00 013.50 516.50 520.00 514.00 516.00 519.00 $22.50 

HV-1 Odfusion Pump 

An air-pooled xecuum pump of the 011-ffittuslon typo. Capable 01 reach-
ing an ultimate vacuum of 4 • 10-f mm, ut mercury when used with a suitable me-

to,p,SuerO . without baffle approwinately 67 liters/second at 4 it 10-, 

tu 4 • 10-' rnm. 

Elmo Pump Oil 

PRICE 

ON 

APPLICATION 

TYPO Hole Dia. Price HF-5 

HA-1 

HR-2 

HR-3 

.052 

.0625 

.070 

.1015 

5 ,60 

.60 

.60 

HR-6 

HR-7 

HR-8 

.125 S 80 

.360 .80  

.125 I 1.60  

.570 I 1.60 

.570 HR-4 .80 HR-9 3.00 

TYPE GENERAL DATA PRICE 

Single pole double throw swach within a 
high vacuum adaptable tor high voltage 
switching. Contact spacing . 015. Switch 
will handle R-1 potentials as high as 20 Ky, 
In DC switching will handle approsIrnetely 
1.5 Amps at 5 Ky. 

Same as above except for slightly smaller 
glass tabulation. 

$12,,00 

VS- 1..• 512.00 



Here are 

Exclusive 

New 

CENTRALAB 
Developments 

NEW Multi-Unit "Couplate" assures 
fast, precision wiring on interstage 

couplings. First commercial application 
of the "printed circuit", the Coup/ate is a 
complete interstage coupling circuit which 
combines into one compact unit the plate 
load resistor, the grid resistor, the plate by-
pass capacitor and the coupling capacitor. 

PLATE 

-Plate 
Load 
-Resistor 
-12 1 

Coupling Cap. 

lid, 

Plate R.F. 
-13y -Pass Cap. 

TC2 

-Plate Supply 

GRID 

CTrid 
Resistor 

Each Couplet, is an integral assembly of "Hi-Kap" In addition, Centralab has just announced a sensational new 
capacitors and resistors closely bonded to a ceramic quality line of miniature ceramic disc capacitors. Permanent 
plate and mutually connected by metallic silver Ceramic-X stability of Hi-Kaps assures utmost reliability in 
paths "printed" on the base plate, small physical size and low mass weight. 

For television units, "Hi-Vo-Kaps" offer high volt- Specially designed for transmitters, power supply converters, 
age, small size ... as filter and by-pass capacitors in X-ray equipment, etc., CRL medium-duty Power Switch 
video amplifiers for high DC voltages with small corn- gives efficient performance up to 20 megacycles. Minimum 
ponent AC voltages. Choice of three terminal types. life operation of 25,000 cycles without failure. 



Makers of a complete line 
of components for the 

electronic industry. 

SWITCHES ... complete line featuring high quality, rugged con. 
',ruction for every type of electronic and industrial application. 
1) "H" Index: (at right) primarily for band change and 
general tap switch applications. Spring and ball mechanism.. 
Life test — 5 positions — 10,000 cycles. 
2) Tone Switch: 3-4-6-8-9 or 10 clips available in tone switch 
group. All rated at 6 watts. Contact resistance less than 
234 milliohms. 
3) Lever Switch: features coil spring mechanism with index 
spring replaceable without removal of switch from ch assis. 
Life test- 50,000 cycles. 
4) Power Switch: designed for special industrial and elec-
tronic uses. Efficient performance up to 20 megacycle s. Life 
test — 25,000 cycles. 

CONTROLS... full line featuring dependable perforrr ;once, long 
life, low noise level and wide range of possible var lotions. 
1) "R" Radiohms: two types — wire wound ratedi at 3 watts, 
composition rated at 1 watt. Both types can /oe twinned. 
2) "E" Radiohms: Composition type. Rubbing, contact. 6 
different resistance tapers. Rated at 1/4 watt. 4, 
3) "M" Radiohms: most versatile control of all, Composition 
type. Rated at 1/2 watt. Many variations pi:risible. 
4) " 1" Radiohms: no bigger than a dime, f or miniature re-
ceivers, amplifiers. Rating 1/10 watt. Low noise level. 
51 Switch Covers: five types for "R" Radi ohms, 4 types for 
"M" Radiohms, 1 type for "E" Radiohm a, Rated at 3 amp. 
125 volts, 1 amp. 250 volts. 
6) Rheostats: for small motor speed Co-atrols, charging rate 
ad¡usters, etc. Two sizes available: 25 4nd 50 watt. 

CAPACITORS ... mode with Centrala es high dielectric constant 
Ceramic X, combining economy, size, and dependability, 
11 TC Tubular:: stable, no charu je with aging, humidity or 
temperature. 4 sizes from 860 to I mmf., rated at 500 WVDC. 
21 BC Tubuiars: for use where; temperature compensation is 
unimportant. 4 tube sizes, .00 0010 to .01 mfd., 500 WVDC. 
31 High Accuracy: for rigid frequency control applications. 
Capacity tolerance, ± 5%. Working voltage 500 volts DC. 
4) High Voltage: Capacity tolerance ± 10%. 5 sizes from 
5000 to 15,000 WVDC. Plash test 10,000 to 30,000 VDC. 
51 Disc: miniature disc ,,upacitors combining reliability with 
small size, low weight. Dia. 1/4 ". Thickness 5/32". 
6) Trimmers: four basi types. goo 'WVDC. Flash test 1100 
VDC. Power factor, less than 0.2% at 1 megacycle. 

CERAMICS . . engineered for special applications requiring 
specific propel :Res of hardness, coefficient of expansion, porosity. 
Available to manufacturers only. 
1) Steatite: uniform white, high dielectric strength, high 
mechanic2,1 strength, low dielectric loss at high frequencies. 
ImPervic ins to moisture and common acids, will withstand 
high te, giperature and its characteristics remain stable with age. 
2) Ceritradite: For use where low thermal expansion and 
high resistance to heat shock is desired. Composed chiefly 
of Cordierite, a magnesium aluminum silicate crystalline 

eterial. Low in porosity. Variations available. 
Zirconite: Has low coefficient of expansion and good 

thermal shock properties plus high strength characteristics. 
For extruded or wet-pressed shapes. Variations available. 

CENTRALAB Division of GLOBE-UNION INC. 
Milwaukee, Wis. 
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The Only High Level Cardioid Crystal 

Microphone with Dual Frequency Response 

You can sit back and relax ... when you call 
with the CARDAX. E-V Mechanophase* 
unidirectivity overcomes room reverbera-
tion, permits working at greater distance 
from microphone. Dual Frequency Response 
gives you high fidelity for clear channel or 
rising characteristic for extra crisp speech 
signals that cut through QRM. Brings more 
and better QS0's. For DX or Rag-Chewing, 
there's nothing like it! Smart looking, too! 
CARDAX, Model 950, lists at $ 39.50. 

Authorized Distributors Everywhere 

N. 

N 0 FINER CHOICE THAN 

ELECTRO-VOICE, INC., BUCHANAN, MICH. Export Division: 13 East 40th St., New York 16, N 

ZERZB 
Mangan II 
BRIM II 

Y. Cables- Arlab 
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Send for Catalog 101 
LI el Get valuable data on 

"Cardyne" Cardioid Dynamic Crystal— Model 910 High Fidelity Dynamic "Comet" Crrtol Model 902 today's most tom. 
Modtki 731 and 126 Ilynonoc—Model 610 Mudel 630 1/plane—Model 601 plete microphone line. 

S 
`Patent Pending. Crystal Microphones Licen cd under Brush Patents 
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THEY MEAN YOUR DOLLARS BUY MORE WHEN 

YOU CHOOSE GENERAL ELECTRIC 

948 by 
eral Elec-
ComPany 

+1 There's a G-E tube distributor near you, 
ready and glad to consult with you on 
selecting the right tube for any appli-

cation. He deals with scores of other amateurs, 
knd based on their experience and preferen-
ces, can help make sure your dollars are 
shrewdly invested. His stocks are substantial; 

"1" his service of a high standard that fully 
warrants the statement "Your G-E tube dis-
tributor is local ham-tube headquarters." 

Linientuhtoeuit mlea-rry G office h.aEtn.'swut+o-tciivthese: 

▪ 2breathes, and sleeps amateur radio 
—likes nothing better than to hear from 
you and discuss your technical problems. 
The answers you get from him are espe-
cially helpful because Larry has at hand 
the research, engineering, and test facili-
ties of the General Electric Company 
which is actively engaged in all phases 
of the radio industry. Lighthouse Larry 
will be glad to guide you personally in 
every step of your progress as a ham. 

+3 fact-fiallleerdtGpa.Eg.e.ssiolafntiimNeewlys 8 
forhints amateurs — keeps you abreast 

of latest circuit developments. You 
owe it to yourself to see your G-E tube 
distributor regularly for the newest bi-
monthly edition. The R-9 Pre-ampli-
fier, the new Guillotine Converter— 
these are two of the important de-
signs already announced in Ham 
News, with full instructions on how 
to build. Don't miss a copy! 

TUBES! 

PLUSSES like these are car toned With 
every G-E ham tube. 
The General Electric 
monogram 
full, helpful signifies not just a produa, but the 

goes With t service that 
A hat product. 
And, most important of 
al, you can count on G-E 
tube quality, de 
bility, advancependa-

d design, 
as solid foundation 
stones for the efficient 
performance of 
rig! Electroni Your 

cs Depart-
ment, General Electric 

Company,  Neu, YkSchenectady 5, 
or. 

t. 
ELECTRONIC TUBES OF ALL TYPES FOR THE RADIO AMATE 

—and other 
popular G- E 
ham types (o 
complete line) 
as listed with 
ratings and 
prices in Book-
let ETX-19. Ask 
your G-E tube 
distributor for 
your free copy. 

GENERAL ELECTRIC 
, t. 



CUSTOM MADE 

TECHNICAL CERAMICS 

FOR ELECTRONIC AND ELECTRICAL USES ( h":22FCAIY.IRTE?IS) 

AMERICAN LAVA CORPORATION 
46TH YEAR OF CERAMIC LEADERSHIP 

CHATTANOOGA 5, TENNESSEE 



ACCURACY STABILITY 
ACTIVITY HIGH OUTPUT 
DEPENDABILITY at 1-_ on)  Cost 
For years PR Precision Crystals have set performance standards 
in all types of service . . . amateur, commercial, marine, broad-
cast, mobile, police, aircraft. PRs are the foremost choice of ama-
teurs . . . the most critical users of crystals today. PR Crystals 
have earned this reputation by LOW DRIFT characteristics, less 
than 2 cycles per MC per degree Centigrade . HIGH OUTPUT 
AND DEPENDABILITY even at highest permissible crystal currents 

. ACCURACY within .01 per cent of specified frequency . . . 
HIGH ACTIVITY especially desirable for break-in CW operation 
. . . X-ray orientation . . . CONTAMINATION AND MOISTURE-
PROOF through permanent gasket seal . . . 1/2 -inch pin spacing. 
Every PR is UNCONDITIONALLY GUARANTEED. Your EXACT 
FREQUENCY (Integral Kilocycle) WITHIN AMATEUR BANDS, AT 
NO EXTRA COST. See your jobber for PRs. His stock is complete 
for ALL BANDS. Accept no substitute. — Petersen Radio Company, 
Inc., 2800 West Broadway, Council Bluffs, Iowa. (Telephone 2760) 

COMMERCIAL 
PR Type Z-1 

80 and 40 METERS 
PR Type Z-2 

20 METERS 
PR Type Z-3 

10 METERS 
PR Type Z-5 

Frequency range 1.5 to 10.5 MC. De-
signed for rigors of all types of commer-
cial service. Calibrated .005 per cent of 
specified frequency. Weight less than 

ounce. Sealed against moisture and 
contamination. Meets FCC require-
ments for all types of service. 

Rugged. Low drift fundamental oscil-
lators. High activity and power output. 
Stands up under maximum crystal cur-
rents. Stable, long-lasting, permanent-
ly sealed  $2.75 Net 

Harmonic oscillator. Low drift. High 
activity. Can be keyed in most circuits. 
Stable as fundamental oscillators. Fine 
for doubling to 10 and 11 meters or 
"straight through" 20 meter operation. 

$3.75 Net 

Harmonic oscillator for "straight 
through" mobile operation and for fre-
quency multiplying to VHF. Heavy out-
put in our special circuit $5.00 Net 
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-hp- 200C Rosistanco-Tunod Audio Guinea« 

.hp- 33011 Mai. and Distortion Analyv. 

niop- 400A Vacuum Tube Voltmeter 

I AUDIO 

OSCILLATORS 

AUDIO SIGNAL 

GENERATORS 

LOW FREQUENCY 

STANDARD 

SQUARE WAVE 

GENERATOR 

WAVE ANALYZER 

DISTORTION 

ANALYZERS 

ATTENUATOR 

VACUUM TUBE 

VOLTMETERS 

AMPLIFIER 

ELECTRONIC 

FREQUENCY METER 

ELECTRONIC TACHOMETER 

UHF SIGNAL GENERATORS 

REGULATED 

POWER SUPPLY 

INSTRUMENT rRE-
QUINCY 

CALIBRATION 

200A 

2006 

200C 

200D 

202D 

2001 

39 us to 
TS NC 

20 cps to 
10 Isc 

zo cps to 
ZOO kc 

7 cos to 
70 kc 

2 cps to 
70 kc 

6 cps to 
6 kc 

201B 20 cps to 
20 kc 

Dial Scale-35450 cps Calibration Points— 
Ranges 3(1 10, 100 times dial calibration 

Dial Scale 20-200 cps Calibration Points 
Ranxes 3(1 10 100 limns dial calibrakka 

Dial Scale 20-200 cps Calibration Points 
Ranges -4 ( 1.10 1011, ION times dial calibraL 

Dial Scale 7-70 gm Calibration Points-7 
Ranges-4 ( I. 10, 100. 1000 times dial calibre 

Dial Scale 7-70 cps Calibration Poirts 7 
Ranges d ( I. 19, 100, 1000 times dial ,r.Litrati 

Dial Scale A-2-50 cps Calibration Points  

Dial Scale A 6-20 cps Calibration Points - 1 
Ranges 3 ( 1. 10, 100 times dial calibration 

Dial Scale B 20-60 cps Calibration Points 
Ranges -3 O. 10, 100 times dial calibration  

Dial Scale 20-200 cps 
Calibration Paints 95 

Ranges- 3 ( 1, 10. 100 times dial calibration 

205A 

205AG 

20 cps to 
20 kc 

20 cps to 
20 kc 

Dial Scale 20-200 cps 
Calibration Points .80 

Ranges -3 (1. 10, 100 times dial calibration 

Dial Scale 20-200 cps 
Calibration Points 80 

Ranges- 3 ( 1, 10, 100 times dial calibration 

205AH 

INSTRUMENT 

1 kc to Dial Scale 1-10 he 
100 kc Calibration Points 130 

Ranges 2 ( 1,10 limes dial falibraliOni 

FREQUENCY ACCURACY 

100A 
100B 

Output — 
100 kc, 10 kc, I Mc, 100 cgs 

Outpbt - 
100 kc 10 kc 1 kc 100 cps 

".01%yari:tniOir 011317" 

±0001% Prono 

210A 

300A 

320A 

Input — 
20 cps to 100 kc 

Measurement Range-
30 cps to 16 kc 

Measures al 
400 cps and 5 Itc 

Squire within ± IP; fron 
20 cps to 10 kc  

Frequency .3% 
Voltage overall  

Less than 19% 
(at distortions cil 30% or le 

320B 
Measures at - 

50 cps. 100 cps, 400 cps. 1 kCi 
5 kc and 7.5 kc 

Less than *5% 
(al distortions of 30% or le 

325B 
Measures at 

30 cps. 50 cps. 100 cps. 400 
cps. I kc. 5 kc. 7.5 kc. 15 kc 

Voltmeter overall .3% 
Distortion Less than .5, 

(at distortion of 30% or le-

330B Measurement Range — 
20 cps to 20 kc 

Voltmeter overall *1% 
Distortion *3% 

for distortion levels as low as. 

350A I Mat. input - 100 kc 

Each Resistor .95% 
Response Accumulative 
Error at 100 kc approx. 

100 in 50 db 

400A Measurement Range-
10 cps to 1 mc 

10 cps to 100 kc -*3% 
100 kc to 1 mc--*5% 

410A Measurement Range — 
20 cps to 700 mc 

t3% AC DC 
Frequency Respoandnse Oat wIt 
1 decibel 70 cps lo 700 mi 

450A 10 cpwsitohilR000.0d0b0 Rat 40 or 20 db gain er -, db 

I 500A 
Measurement Range — 
5 cost° 50 kc 
in 10 ran es 

±2 ,,:, of lull scale 

r 505A An Electronic Frequency M ter and a Tacho eter A sembl 

610A 

710A 

-hp- precision instruments combine in one 

compact unit, the essential qualities of speed, 

accuracy and versatility. They are ideal for 

use anywhere...In laboratory, broadcasting, 

production or amateur radio. 

500 to 1350 mc 

1800 to 4000 mc 

91 db over entire range 

el db over entirea2rge 

-Pm- fil6A UHF Signal Generator 



FREDUENCY RESPONSE STAIILITY 
ACCURACY 
Of CALI. 
IRATION 

POWER 
OUTPUT INTO 
RATED LOAD 

LOAD IMPEDANCE 
DISTORTION 
AT RATED 
OUTPUT 

HUM LEVEL IELOW 
RATED OUTPUT 

*1 decil:el, 20 cps lo 15 ke 02% ±2% 1 watt SOO aims btu*. 1% io a 

fi decibel, 20 CPS DI 15 kC ±2% ±2% 1 watt 500 ohms 
—.---._ 

less than I% 10 db 
_-

less Nan I% 
20 cns la 211ko 60 db *1 decibel. 20 cps to 150 ko 02% 02% 100 milliwoltt 1000 Nuts 

*1 decibel, 7 cps to 70 kt '12% ±2% 100 m 1000 ohms 
kss than 1% 
10 cps to 201m illiwolts£0db 

t1 decibel, 7 cps to 70 kc 
02 decibels, 2 cps to 7 cps ±274 ±2% 100 minivans 1000 ohms 

less than 2% 
7 cps to 70 kc 60 db 

±1 decibel, 6 cps lo 6 At 
0296 et 01% 

with 
Standardization 

±2% 100 milliwatts 1000 ohms 
ile0socIttatO 67ét 60 db 

±I decibel, 20 cps lo 20 At 
or 22% *1% 

with 
Standartization 

±2% 3 watts 600 ohms 

less than 1% 
at 3 watts 

(less than l/a% 60 db 

Down 2.0 decibels at 20 cps 
Down 1.0 decibel at 20 00 

al full output 

±2",; oi ±1% 
wErt. 

Standarhizalion 
11% 5 watts 

50, 700, 500. 5000 ohms 
(all cl) 

less than I% 
30 cps to 20 kc 
at rated output 

60 db below output or 
90 db below zero level 
whichever is tarter 

Generator- down 2.0 db at 70 cps 
Down 1.0 db at 2.0 kt at full output 
Oftmeter. veithin ±0.2 db el 400 cps 

rel. Dom 20 cps to 20 kt 

±25; or ± P±,-,  

Slandamaation 
32% 5 walls 

Generator 50. 200. 500, 5000 
ohms ( all ct1 

Vcdtmele r - 50 00 oh ms input 
impedance 

less than 1% 
30 cps to 20 kc 
al rated output 

60 db below output or 
90 db below zeio level 
whichever is larger 

ll db from 10 Inc rel. 1 kc to 100 kc 
at full output 

115; after t , hour 
calm • up 02% 5 walls 

50, 200, 500. 5000 ohms 
(all ct) 

less than 
1% at I watt 
3,( at 5 watts 

65 db below output a 
65 db below rem level 
whichever 11 WM 

VOLTAGE IMPEDANCE MISCELLANEOUS CHARACTERISTICS 

Output - 5 volts into 1000 ohms Load- Not less than 1000 ohms Wave Shape- Sinusoidal-
lotal memo^. ±^t MU Min t.'' 1111 ten 0000d _ . 

Output - 5 volts into 1000 ohms load Not less than 1000 Mims Wave Shape Sin 
totel distortion not more thanusoidal 4% on- mum timid 

Input min. 2; max. 200 
Output 60 v peak to peak on open circuit 

Input 25,000 ohms 
Internal- Each side, 500 ohms to ground 

Wave Shape Square ( I microsecond to 90,,; of maximum) 
Attenuate, - 70 db in 5 db step> 

Input- I me to 500 ir Input-200,000 ohms Variable Selectivity at 40 db down from resonance- max. selectivity 
is 30cps. min. selectivity is 145 cps. Dial Calibration Points 62 

Max. Input-100 r 
Analyzer Input - 20,000 ohms 

Detector Input- Should be not less 
than 100.000 ohms 

Max. Attenuation: Fundamental - more than 60 db (. 1*( ). Second and 
higher harmonics less than 5%. Filters. - Tuned to nominal Irequencies 

within .11% ( non-adjustable). Attenuate, - 70 db in I db steps. 

Max. Input - 100 0 
Analyzer Input 20.000 ohms 

Detector Input Should be not less 
Man 100,000 ohms 

Mar Attenuation: Fundamental- more Man 60 db (.I 55;). Second and 
higher harmonics less than 5%. Fillers- Tuned to nominal trequencies 

within ±- 5% ( non-adjustable). Attenuate, 70 db in 1 db steps. 

Voltmeter Measurement 
Range-.01 y le 100 it in 9 ranges 

Distortion- min. input 1 a for . 1% distortion 
Noise- min. input .003 volts tor lull scale 

Amplifier Input - 
200.000 ohms shunted by approx. 24 mmfd 

Voltmeter Input 
1 megohm (min.) shunted b approx. 31 mmfd 

Mar. Attenuation fundamental- more than 60 db (.1%), Second and 
higher harmonics less than 5, . Filters- Tuned lo nominal frequencies 
within ± 5% ( adjustable -1*,;).°Voltmeter - Average Reading (calibrated 

in rms rolls and in db above a 1 mw. 600 ohm level). 

Voltmeter measurements - 
.01 a to 300 v in 9 ranges 

Distortion- mid. input t re lor . 1% distortion 
Noise- minimum input - 0.00030 tor lull scale 

Amplifier Input - 200.000 ohms 
shunted by approx. 24 mold 

Voltmeter Input 1 megohm ( min.) 
shunted by approx. 32 mmfd 

Mar. Attenuation. Fundamental- more than 60 db (0.1%) 
Second and higher harmonics- less than 10,,,,, 

Voltmeter Average reading ( calibrated in rms volts 
and db above a 1 mw. 600 ohm level) 

Maximum Input- 50 y 
Input-500 ohms - one side grounded 
Output- 500 ohms one side grounded Attenuation- 110 db in I db steps 

Measurement Range- 
.03 y lo 300 y in 9 ranges 

Input 
1 megohm (min.) shunted by approx. 16 mild 

Voltmeter Average Reading (calibrated M rms volts and in 
oh 000, a 1 mw. 600 ohm level) 

Measurement Range- 
1 1 10 1000 300 VVADCC in 67 ranges 
to in ranges 

Input- AC- 8 megohms in parallel with 1.3 

mml al Damien«, Merohms below 10 mc 
Input DC 103  

AC Voltmeter Peak reading instrument will indicate voltage lo 3000 mt 
Ohmmeter: 0.2 ohms to 500 megohms in 7 ranges 

Inut I megohm 
°Awl 10 volts I% distortion Dute d p-3000 ohms ei m ore  Increases sensitivity of 400A, 100 times 

Input- 0.5 v to 200 v Input-40.000 ohms 
Separate External Attachments- 1. Photocell Input ( jack provided). 

2. EsterlinetAngus I mil. 1400 ohm Automatic 
Recorder (jack provided t 

Output 00 microvolts 0501 volts 50 ohm line coaxial type N connector 

Output 0 I microvolts lo 01 rolls 

180 10 360 VDC ( regulated) 
6.3 VAC cl (unregulated) 

de- 410A Vocuum Tube Voltmeter 

50 ohm line coaxial type N connector 

law 
Brief specifications of these nationally known instru-

ments are shown here. Full details are available in 

the new -hp- catalog. Write for your free copy, today. 

Internal pulse modulation. External pulse and amplitude modulation. 

Internal pulse and FM modulation External pulse modulation. 

Output constant within approx. I*,; Mr loads Irom 0 lo 75 rna and for fine-
voltage variations of ±.0%. Noise and hum less than 0.005 v. 

Hewlett- Pot Company • 1450M Page Mill Rood • Palo Alto, Cal 

laboratory instruments 



5 WORDS that assure ACCURACY, DEPENDABILITY and VALUE 

in all SILVER test instruments 
You . . . and every serious service technician 
. . . have long- dreamed of your shop equipped 
with the same caliber of laboratory instru-
ments found in the factories making the radios 
you must service. Today's complex AM, FM 
and Television receivers can't be efficiently 
serviced by anything less. 

Under war pressure McMurdo Silver devised 
new techniques to lift the manufacture of lab-
oratory-type instruments out of the costly 
model-shop. He discovered how to put them on 
the low-cost, high-volume production line. The 
result is instruments of laboratory precision, 
accuracy, dependability . . . at prices far below 
what you'd expect to pay. These are the same 
identical Laboratory Caliber Electronic Test 
Instruments the big manufacturers, universi-
ties and the government select. 

Can you afford less than the best — when the 
best costs you less? 

MODEL 906 FM/AM SIGNAL GENERATOR: 8 ranges calibrated -±1% 
accurate, 90 kc. thru 210 mc. 0-100% variable 400^,AM; 0-500 kc. 
variable FM sweep built-in. Metered microvlts; variable 0-1 volt, 
,Strays lower than $500 laboratory generators. Only $99.50 net. 

"VOMAX" UNIVERSAL V.T.V.M.: The Overwhelming choice of ex. 
perts. 51 ranges, d.c., a.c., of., if., r.f., current, db., and resistance. 
Visual signal tracing to 500 mc. New 5" pencil-thin flexible r.f. 
probe. Only $59.85 net. 

MODEL 904 CONDENSER/RESISTANCE TESTER: Measures accurately 
1/2 mmfd. thru 1,000 mfd.; Yen thru 1,000 mew"- . Internal 0-500 
V. variable d.c. polarizing voltage. Measures condensers with rated 
d.c. volts applied. Only $49.90 net. 

MODEL 905 "SPARX" SIGNAL TRACER: Visual and audible tracing; 
also tests phono pickups, microphones, speakers. PA amplifiers. It 
your shop test-speaker, too. 20‘v thru 200 mc.; PM speaker; mains-in-
sulated transformer power supply. Only $39.90 net. 

OVER 36 YEARS OF RADIO ENGINEERING ACHIEVEMENT 

7 e e77/i44.14-.5'dg,e4. 
EXECUTIVE OFFICES: 1240 MAIN ST., HARTFORD 3, CON N. 

FACTORY OFFICE: 1249 MAIN ST., HARTFORD 3, CONN. 

— 

SEND FOR COMPLETE CATALOG. SE 
these and Silver communicatic 
transmitters, receivers, "Micr< 
match ,' Xtal-controlled VFO, prt 
tuned freq. multiplier at your jobbe 
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SPELLS TOP VALUE 
AT LOWEST COST 

Exactly as SILVER is known the world over for producing Laboratory 
Caliber Electronic Test Instruments — LCETI -- fur critical users at ;i 
unbelievably low prices, so you'll find that your dollars will huy you thé 
most in amateur equipment when you select SILVER. Examine the 
instruments here illustrated and highlighted. Compare — and you'll see 
why more and more amateurs turn to SILVER. 

MODEL 908 MICROMATCH standing wave ratio and r.f. 
wattmeter will let you put more power into your antenna 
— from your present transmitter — for only $29.90. 

MODEL 800 U.H.F. RECEIVER is E. P. Tilton's A.R.R.L. 
HANDBOOK, "T.R.F. Superregenerative Receiver" — the 
sweetest performing 21/2 and 1% meter, non-radiating 
receiver we've seen — in finished commercial form for 
only $39.75 less tubes and power supply. 

MODEL 700 U.H.F. TRANSMITTER is xtal controlled for maxi-
mum signaling effectiveness in 21/2 and 13/4 meter bands, 
yet costs you only $36.95 less tubes and power supply. 

MODEL 701 TRANSMITTER goes into more amateur sta-
tions to produce more CW and phone DX than anything 
else, it seems. A 6AQ5 Tritet drives an 807 to 75 watts 
CW, 30 watts phone, input, 80 through 6 meters. Modu-
lator is built-in. Less coils (3 per band at $.50 ea.), pow-
er supply, 4 tubes and crystal, it's the outstanding trans-
mitter "buy" at $36.95. 

MODEL 801 RECEIVER covers 450 kc. through 60 mc., con-
sisting of r.f, stage, regenerative detector, two of, stages 
and built-in speaker, it's the old reliable standby — 
just the thing for portable, emergency, test — and serious 
ham reception. $29.95 for 6.3 volt operation; $28.95 
for 1.5 volt dry battery tubes; coils, $ 1.00 per pair. 

MODEL 703 is new — a pre-tuned bandpass freq. multi-
plier. Driven by any VFO or atol, it puts you in any 
band 80 through 6 meters, on selected freq. as fast as 
you can turn two knobs. Its 807 gives 40 watts max. out-
put and instant control of every band. Price $49.90. 

MODEL 802 SUPER-HETERODYNE RECEIVER is an amateur-
band-only receiver using i.f, regeneration to give vari-
able phone up to single-signal CW selectivity. Following 
A.R.R.L. HANDBOOK teachings, it provides more than 
usual 8-tube results, over 7 feet of band spread on 80, 
40, 20, 16, 11, 10 and 6 meter bands, all for only $38.95 
less tubes, power supply and coils at $ 1.00 per pair. 

MODEL 903 AISORPTION WAVEMETER is close to the most 
useful instrument in any shack. Thousands in use attest 
its prime necessity. Price is but $3.30 net, plus $.65 ea. 
for plug-in coils covering 1600 kc. up to 500 mc. 

MODEL 702 VFO includes NFIA. Covering 3,000 through 
4,000 kc., its 3-watt output may be multiplied 80 
through 21/2 meters. It's something brand new — a crys-
tal controlled VFO including and using a 5 mc. xtal fre-

quency standard to give complete break-in operation, 
superbly clean keying — the VFO you've dreamed would 
come. Only $49.90 less tubes, including power supply. 

TYPE 619 AIR TRIMMER CAPACITORS are high Q, low-
loss, good up beyond 500 mc. for tuning, trimming, 
coupling, etc. 3 mmfd. to 30 mmfd. spread out over 3 
complete revolutions for easy adjustment. Like all SILVER 
instruments, price is more than right—only 5.30 ea., net. 

619 

702 

903 

See these new, top-value-
OVER 36 YEARS OF RADIO ENGINEERING ACHIEVEMENT I and - performance instru-

I 

le C7,14444 Ceeee aeip 2,,e j ments at your favorite job. l ber. Send for complete I 
I 

I reltnIng including SILVER I 

EXECUTIVE OFFICES 1 2 4 0 MAIN ST., HARTFORD 3 CONN I Laboratory Caliber Elec- I 

FACTORY OFFICE 1249 MAIN ST., HARTFORD 3 CONN. I tronic Test Instruments. I 
i_ _ _ - _ _J 



When you go to the time 

expense of building a 

rig, it doesn't pay to 

chances on unknown 

ponents. Protect your 

field— first, too, to standardize 

and simplify their manufac-

ture. The very name Mallory 



Here are a few facts to help you choose the best: In 

tpproximately 90% of the new commercial mobile transmitter 

iesigns, you will find Hytron instant-heating tubes. Over 2,500,000 

Hytron gaseous voltage regulators speak for themselves. Ratings of 

Hytron vhf tubes are CCS and based on actual equipment perform-

tnce which you can duplicate. No other transmitting triode can 

:ouch the new all-purpose 5514 for economical versatility. Famed 

or transmitting tubes, Hytron also originated the popular "GT", 

tnd is the oldest manufacturer specializing in receiving tubes. You 

3ick the best when you pick Hytron. 

HYTRON TRANSMITTING AND SPECIAL PURPOSE TUBES 

CONTINUOUS COMMERCIAL SERVICE RATINGS 

Description Type Filament Ratings Max Max Max Amateur 
Plate Plate Plate Net 

No. Volts Amps Typo Volts Ma Dis Price 

LOW 10Y 7.5 1.25 Thor 450 65 15 $ 1.60 
AND HY24 2 0.13 Oxide 180 20 2 1.50 

MEDIUM 801A/801 7.5 1.25 Thor 600 70 20 3.00 
MU 864 1.1 0.25 Oxide 13.5 5 - 1.20 

TRIODES 1626 12.6 0.25 Coth 250 25 5 1.60 

HY3IZ 4 6 2.55 Thor £00 150 30 t 3.95 
HIGH•mU HY1231ZS 6 3.2 Thor 500 150* 30e 4.50 TRIODES 12 1.6 

5514# 7.5 3 Thor 1500 175 65 3.95 

2C26A 6.3 1.15 Cath 3500 NOTE 10 7.75 
HY75A/fé 5 6.3 2.6 Thor 450 90 15 3.95 

VHF HY1148S 1.4 0.155 Oxide 180 12 1.8 2.25 
TRIODES HY615 6.3 0.175 Cath 300 20 3.5 2.25 

955 6.3 0.15 Cath 200 8 1.8 3.10 
9002 6.3 0.15 Coth 200 8 1.8 2.15 

2125S 6 0.8 Thor 450 75 15 3.95 
2E30 4 6 0.65 Oxide 250 60 10 2.25 
3D2IA 6.3 1.7 Coth 3500 NOTE 15 7.50 

BEAM 1-1Y69§ 6 1.6 Thor 600 100 30 3.95 
PENTODES 807 6.3 0.9 Coth 600 120 25 2.30 

AND 837 12.6 0.7 Coth 500 80 12 4.15 
PENTODES HY1269S 6 3.2 12 1.6 Thor 750 120 30 4.50 

1625 12.6 0.45 Coth 600 120 25 2.30 
5516 4 6 0.7 Oxide 600 90 15 5.95 

ACORNS 
954 6.3 0.15 Cam Shorp cutoff pentode 4.90 MINIA-
9001 6.3 0.15 Coth Sharp cutoff pentode 2.70 

TURES 

Type Filament Rotings Type Peak Max Inv Amateur 
P No. Volts Amps Reo late D-C Peak Net 
Ma Mot Pot. Price  

816 2.5 2.0 Mer 500 250 5000 $1.25 
RECTIFIERS 866A/866 2.5 5.0 Mer 1000 500 10000 1.75 

1616 2.5 5.0 Voc 800 260 6000 7.50 

Average Operating Av MM Amateur 
Type Operating Ma Volts Storting Net 
No. Voltoge Min Max Reg Voltage Price  

GASEOUS 0A2 150 
VOLTAGE QB2 108 
REGU- 0C3/VR105 108 
LATORS OD3/VR150 150 

5 30 2 185 $2.30 
5 30 I 133 2.30 
5 40 2 133 1.20 
S 40 3.5 185 1.20 

'Both sections of twin triode. NOTE: Special pulse tube, not recommended for c•se, consult Hytton Commer-
cial Engineering Dept. for doto. J5514 supplants the HY302, HY40, HY402, HY51A, HY51B, end ItY512, 
the 1075A the HY75, end the 2E25 the 141'65. 1Current for full wave. Mnstant-heating. 

New data sheets: 2E25. 
2E30,HY31Z.HY69,HY75A, 
HY1231Z, HY1269. 55 1 4, 
” 1 6. Free. 

We* 
Keep up to date with 
Hytron Reference Guide for 
Miniature Electron Tubes. 
free. 

New transmitting and special 
purpose tube catalogue. Its 
yours for the asking. 

Simple, sure-fire vfo for 134 or 2 meters. HY-0 75 

For better reception, it's also Hytron - GT, G, lock- in, or miniature, kit: unassembled, $9.95; assembled, $ 11.95. 

!NUM TLI!).8k E!!5!s'illI5!CO.RP. 



Here's Capacitor Dependability! 
Shown here are a few of more than 9675 capa-

citor and * Koolohm resistor types that Sprague 

produces every year. Many of these are for 

critical industrial applications, others for nation-

al defense and ultra-exacting scientific needs. 

DRY ELECTROLYTICS 

Sprague offers the most diversified dry electro-

lytic capacitor line ever presented for standard 
distributor stock. Tiny " Atom — midgets; self-
mounting multi•section units; high- capacity, low•volt• 

one tubulars; rectangular and cylindrical shapes; lug, 

bracket and self- mounting types; terminals and lead 

connections and many others! 

MICA DIELECTRICS *KOOLOHM RESISTORS 

Sprague distributors carry complete stocks of 

popular mica capacitors including all needed 

capacities and voltage ratings— in sizes from 
'postage stamp" silvered micas to high- voltage 

cerornic•iacketed units. All provide maximum quality 

for R.F applications where low power factor and high 

insulation resistance at high frequencies are essential. 

From this vast array come the capacitors that 

are carefully selected for amateur radio uses— 

types that mean more for your money because 

they're better engineered, built more depend-

ably. Catalog on request. 

e. 

•01 
' 

1..7" 

PAPER DIELECTRICS 

Standard Sprague paper dielectric capacitors for 
amateur use include 15 types and over 250 

items. Chief among them are three small, popu-
larly priced transmitting types that are both filled and 

impregnated with KVO, the exclusive Sprague dielec• 

tr,c. And don't forget the IC Tubular By-pass types— 
' Not o failure in a million!" 

Sprague Koolohm Resistors are wound with wire 

insulated before winding with a flexible ceramic 

coating that is impervious to heat as high os 
1000° C. Doubly protected by glazed ceramic shells 

and moisture resistant seals. Insulated for 10,000 volts 

resistance breakdown to ground. Larger, sturdier wire 

sizes in smaller resistors. Use Koolohms at full wattage 

ratings—anywherel 

'Trademarks Reg. U. S. Pot. Off. 

SPRAGUE 
PIONEERS OF ELECTRONIC AND ELECTRICAL PROGRESS 

SPRAGUE PRODUCTS COMPANY, NORTH ADAMS, MASS. 

Jobbing distributing organization for products of Sprague Electric Co. 
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SEALED LIKE A 
VACUUM TUBE 

MILLIAMPERES 
D.get, tua.N1 

Marion Glass-To-Metal Truly 
Hermetically Sealed Electrical Indi-
cating Instruments are guaranteed 
for six months. You get top perform-
ance ... critical accuracy ... at a cost 
no more than that of most competitive 
unsealed instruments. 

Additional economy is offered in 
Marion's special replacement offer. After 
the initial six-month guarantee expires, any 
21/2 " and .31/4 ' type, ranging from 200 micro-
amperes upward, will be replaced, regardless of whether 
the instrument has been overloaded, burned out, or mistreated 
. .. provided the seal has not been broken, for a flat fee of $ 1.50. 
Instruments with sensitivity greater than 200 microamperes 
will be replaced for $2.50. 

MARION "4 FOR I" FEATURE 
Interchangeable Round and Square Col-
ored Flanges ... one instrument can thus 
fill four different needs: 

I. ROUND 

2. ROUND FOR STEEL PANEL 

3. RECTANGULAR 

4. RECTANGULAR FOR 

STEEL PANEL o 
Stop in at your nearest radio 

supply shop today and see the best 
in electrical indicating instruments 
. . . the Marion line. 

MARION ELECTRICAL INSTRUMENT CO. 

MANCHESTER, NEW HAMPSHIRE 

Export Division 458 Broadway New York 13 U S. A Cables MORHANEX 

ARION "HER 

MEANS 
THE NAME "MARION"  

efei<ze' 
IN METERS 

THE ,, MOS T"  

IN CANADA: THE ASTRAL ELECTRIC COMPANY, SCARBORO BLUFFS, ONTARIO 

75 
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wo band operation is possible 
as broad band characteristi , and provides tremendous 

increase in signal strength 

NSON Rotomatic Antenna Array It's strong, light, 
• d ion to ORM on the crowded DX bands is the new 

LA ST ADDITION TO FAMOUS JOHNSON LINE 

with the Deluxe mode wo 3- element arrays can be matched 
Ille  and fed with the e efficient open wire transmission line. 

1 On ten, as • y as four elements can be used. 

motor for hand drive. The combined direction indicator, 
. t rough 360° at 1!:, RPM. May be purchased without 

:rive unit is really heavy-duty — providing rota-

Ai. 
with great circle map and beam control is a marvel of operat-
ing efficiency -- where speed counts as never before. 

- , 111 ----

Heavy-duty drive unit 
is self-lubricating and 

fully enclosed. 

JOHNSON Insulators are specifically designed to 
handle high RF with low loss. They possess, in addition, 
logical proportions, clean-cut accurate molding, and 
high grade nickel plated brass hardware with milled — 
not stamped — nuts. The Johnson line includes stand-
off, cone, thru-panel, antenna, feeder and strain 
insulators. 

PILOT LIGHTS 

To round out its line, JOHNSON recently purchased 
the entire Gothard line of fine pilot lights. The Gothard 
line is a complete line and will be maintained to pro. 
vide a wide choice and permit selection of a light 
which will more exactly meet your needs. All metal 
parts are brass with the exception of hex nuts. Parts 
are heavily p:ated and jewel holders are polished 
chrome or nickel. 

New direction indicator 
and beam control is 
Selsyn motor operated, 

The Speed X line, long a leader in its field, is now 
manufactured by JOHNSON. It includes everything 
from buzzers to high speed semi-automatic keys. Pic-
tured are the hand key, Model 326, and beautiful 
chrome finish, new and improved Model 501 semi-
automatic. Model 501, Amateur Model 515 and 
Junior 510 also available in left hand models. 

TUBE SOCKETS 

1111111 doP, 
JOHNSON Tube Sockets have consistently led the 
way to better design for bettet results. Present day 
demands for ever better radio - electronic circuits 
and equipment are more than adequately met with 
JOHNSON Tube Sockets. Superior in mechanical 
and electrical design, JOHNSON Tube Sockets are 
available in Loth standard and -special - sizes 



The skill of JOHNSON in building cabinets for its 
Phasing and Antenna Coupling Equipment is now 
directed to mass production of cabinets, racks, panels 
and chassis. They are professional in appearance, 
characteristically reasonable in price. A unique feature 
is the ventilation system which permits units to be 
placed flush side-by-side. Chassis have a new type 
flush joint which eliminates sharp and protruding edges. 

Deoendable performance is the yardstick by which 
quality of condensers is measured. Every JOHNSON 
condenser is precision engineered not only for super-
lative performance but for durability as well. The 
exacting requirements of amateur, commercial broad-
cast and inciustrial operation are rigidly met for your 

JOHNSON is the first to offer the amateur a complete 
line of transmitting inductors with commercial effi-
ciency. New plug-in link pick-up coils make possible 
efficient impedance matching to the transmission line. 
Correct LC ratio with either high or low voltage tubes, 
can be secured by the purchase of only one additional 
coil in the Ivies f‘:,i operation from A tn 80 meters. 
Also pictured is the JOHNSON Rotary Inductor, 

complete satisfaction. What's more, JOHNSON makes 

a condenser for every stage of the amateur transmitter 
from oscillator through the final amplifier. Whatever 
your requirements, the choice of JOHNSON con-
densers is complete. 

fir eat irt.110  

PLUGS, JACKS AND HARDWARE 

Ir  
Constant attention to detail plus pride in manufacture 
make JOHNSON hardware a perfect compliment to 
your " dream station". The quality is there, yet the 

et is modest. Included in the JOHNSON Hard-

se>4\.‘11;er 

ware line ett couplings, tube 'raps, plugs d nd jadis, 
inductor clips, soldering terminals tube locking clamps, 
panel bearings, flexible shafts, fuse clips, handle in-
dicators and cable connectors. 

JOHNSON products can be obtained from radio-electronic parts 
jobbers, or write directly for further information. You'll be glad you did! 

SEND FOR LATEST JOHNSON CATALOG 

JOHNSON„, a egwesseeel eteutte Jet Zadc'ex 
E. F. JOHNSON CO. INASECA, MINNESOTA 



MOST ACCURATE HAM BAND FREQ. METER 

CHECKS XMTR FREQ. IN ANY 

HAM BAND FROM 3.5 TO 148 

MC. ON FM OR AM 

This latest Browning unit designed especially 

for hams — the Model M.1-9 Frequency Meter 

— is a high sensitivity lob that checks your 

operating frequencies accurately. If you place 

it near your * mir, you may not even need 

o pickup wire for usable signals! Can be 

used for measuring frequency of remote 

transmitters and for calibration of receivers 

within ham bands or ham bond harmonics. 

Truly a necessity for every modern shack. 

MODEL Mi -9 FREQ. METER 

• Direct, frequency-reading dial on 
seven ham bands. 

• .05% accuracy at all frequencies. 

• Audio detection of zero beat. 

• low power consumption. 

• All operating controls on front panel. 

PLUS MANY OTHER FEATURES. 

WRITE US FOR LITERATURE. 

MOST WIDELY USED FM-AM TUNER IN THE WORLD 

MODEL Ri -12 FM- AM TUNER 
• Separate RF and IF systems on both 

bands. 
• One antenna serves both FM and 

AM. 
• Tuning eye shows correct tuning. 
• 2-stage cascade limiting on FM. 
• Phono position on channel selector 

switch; phono input connector in 
back. 

• Armstrong circuit employed on FM. 

PLUS MANY OTHER FEATURES. 
WRITE US FOR LITERATURE. 

FOR HI-FI RECEPTION IN THE 

NEW FM BAND AND IN STANDARD 

BC. BAND 

Ask any old-timer about the Browning-Drake 

tuner, and he'll warm right up with a recito• 

lion of how much that unit meant to him. 

Now put an Ri-12 in your house, and the 

xyl and all the neighbors will decide that 

you, after all, ore the king pin of radio in 

your community! For here's a hi fi, hi-scnsi-

tivity unit which provides distortion-free 

reception. Put it in special cabinet, desk 

drawer, shelf — wherever it will look best. 

Or for use with rack-mounted amplifier. 

Diagram of HI-FI AMPLIFIER included with 

every unit. 

BROWNING LABORATORIES, INC. WINCHESTER, MASS. 

CANADIAN REPRESENTATIVES: MEASUREMENT ENGINEERING 61 DUKE STREET, TORONTO, CANADA 
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VERTICAL ANTENNAS-ELEMENTS 
AND MOUNTING ACCESSORIES 

Premax Tubular Vertical Antennas are fully collapsing and adjustable, yet give excep-
tionally efficient, dependable performance under most severe conditions. Will withstand 
ordinary stresses, but should be supported by guys or standoff insulators against abnormal 
minds. In 6 to 35-foot heights, in monel, aluminum or steel. 

Alum's Moodl 

RULITE ELEMENTS for Beam Arrays 

Weather Resistant Steel Antennas 
Extended Collapsed Base Base Weight 

No. Description Length Length O.D. I.D. Each 
112-M 2-sec. telescoping 11'8" 6'1" .656" .556" 4 lbs. 
318-M 3-sec. telescoping ,, 17'3" 6'2" .875" .775" 7 lbs. 
224-M 4-sec. telescoping 22'9" 6'3" 1.063" .963" 11 lbs. 
130-M 5-sec. telescoping 28'3" 6'4" 1.250" 1.150" 15 lbs. 
136-M 6-sec. telescoping 33'9" 6'5" 1.500" 1.400" 20 lbs. 

IiIil-%eigIll thiminstin .intennus 

No. 

AL-106 
AL-312 
AL-518 
A L-324 
AL-530 
AL-535 

Extended Collapsed Base Base 
Description Length Length O.D. I.D. 

1-pe. tapered rod 6'3" 6'3" .313" 
2-see. telescoping 12'4" 6'4" .500" .334" 
3-sec. telescoping 18'5" 6'4" .750" .584" 
4-sec. telescoping 24'4" 6'4" 1.000" .834" 
5-see. telescoping 30'0" 6'5" 1.250" 1.084" 
6-see. telescoping 35'8" 6'5" 1.500" 1.310'.' 

Heavy-Duty Aluminum Masts 
Extended 

No. Description Length 

AM-017 1-pc. tapered tube 17'9" 
AM-035 2-see. tapered 35'0" 

Collapsed Base 
Length O.D. 
17'9" .969" .689" 5% lbs. 
17'9" 2.000" 1.732" 19 lbs. 

Weight 
Each 
% lb. 

1% lbs. 
3 lbs. 
5 lbs. 
7 lbs. 

12 lbs. 

Base Weight 
I.D. Each 

Long-Enduring Memel Antennas 
Extended Collapsed Base Base 

No. Description . Length Length O.D. I.D. 

MM-313 2-sec. telescoping appx. 13' 6'9" .615" .545" 
MM-4I9 3-sec. telescoping appx. 19' 6'9" .747" .667" 
MM-425 4-sec. teleim ping appx. 25' 8'9" .893" .799" 
MM-430 5-sec. telescoping appx. 30' 6'9" 1.065" .945" 
MM-435 5-eec. telescoping appx. 35' 7'8" 1.065" .945" 

Weight 
Each 

2% lbs. 
5 lbs. 
8 lbs. 
13 lbs 
15 lbs. 

Aek your Radio Jobber for new Premax Antenna Catalog. He also can 
supply the Premax Radio Antenna Manual of Vertical and Horizontal 

inetallatione. 

-5 _ _t_ 

Type I: I Icas - 

duty type with compression rating 
up to 10,000 lbs. In galvanized 
malleable iron or bronze to fit 3 " 
to 1 9/32" I.D. 

Base Insulator Type 2: Light design 
for masts up to 18' or higher if guyed 
or supported by standoff insulator.-

e4" tort post is standard but with 11-. 
of adapters will fit other sizes. 

Base Insulator Type 6: For tower 
platform, rooftops or marine. Lead-
thru construction permits antenna 
connections below roof or deck. 
Available for Vi" to 1 9/32" I.D. 
tubular masts. 

Type 3 Standoff Insulator for 
supporting verticals or for use 
in pairs as complete antenna or 
element mountings. Galvanized 
iron or bronze with porcelain 
body. Styles to fit M" to 1914" 
O.D. elements. 

Type 8-C Insulated Mount-
ing Clamp for horizontal ar-
rays, verticals, etc. Galvan-
ized iron with porcelain split 
bushing. For Vs" to 1" O.D. 
masts. 

Typea 

414 

t. al 

bI 
Ci 

Type 9-C Insulated Mounting 
Clamp for horizontal elements, 
verticals, etc. Galvanized iron 
with porcelain split bushing. Fits 
Vs", Vi", V8." or 1" O.D. elements. 

Type 10-C Insulated Mounting 
Clamp. Electroplated stamped 
steel with porcelain split bush-

ing; light-weight for rotary 
and dipole installations. For 
%8" to 1" elements. 

unit 108-M 

Unit 113-M 

  Unit 105-af 

remax Corulite Elements meet the need for light-weight but sturdy elements for hori-
anal arrays and similar applications. Exceptionally light weight yet they provide the 
...Jed strength and rigidity so essential in horizontal installations - and at extremely low 
est. The special steel tubing used in these elements is a Premax development to insure 
iusual stiffness and strength. Heavily electroplated to insure corrosion resistance and high 
ectrical conductivity. Fully adjustable to any desired length. A special locking clamp 
'sores rigid joints and positive electrical contact. A "hairpin.' tuning bar provides ease of 
ljustment. 

Extended Collapsed Base Recommended Weight 
No. Description Length Length 0.D. For Per Pr. 

I05-M 1-section 5'0" 5'0" .625" 6-meter 1 lb. 
108-M 2-section 8'2" 4'7" .750" 10-meter 2 lbs. 
113-M 3-section 12'4" 4'8" .875" ffl lbs. 
618-M 4-section 17'0" 5'3" 1.000" 20-meter 5% lbs. 

(Sold only in pairs, complete with Premax " Hairpin" Tuning Bar) 

:-Element Corulite 
ror 10 or 20 meters, 
mounting clamps 
detailed drawings 
lading wood frame 
upport. 

Four-Element Corulite 
Kits for 10 or 20 meters, 
with mounting clamps 
and detailed drawings 
for building wood frame 
and support. 

unit 618-M 

Rotary Beam Kit 
RB-6309 for 6, 10 and 
20 meters, includes 
frame, 3 pr. Elements, 
hardware, T-Match ac-
cessories. Weight 30 lbs. 

Type 10-S Insulated Mount-
ing Clamp. Chrome-plated 
bronze base and head-caps, 
porcelain insulator. Fits 743" 
to 1%3" O.D. elements. 

Ty. 1.0 

Deck Bushing of brown glazed 
porcelain with galvanized malleable 
flange which bolts thru rubber 
gasket to roof or deck. I.D. %", 

1Vi" or W I". 

Bronze Mounting Clip, for hori-
zontal elements, vertical an-
tennas or for feed and transmi--
sion connections. For VI", ;*," 
or 1" O.D. 

Wall Bracket of heavy steel 
for mounting vertical anten-
nas on side walls, parapets, 
etc. Drilled to fit Types 1 and 
2 Base Insulators. 

PREMAX PRODUCTS 
A DIVISION OF CHISHOL11-11VDEIt CO.. INC. • 1821 HIGHL AND.VE. • NIAGARA FALLS. N. 1. 



tion 
same m 
Pot Heads • 
Panels • Solderall • Ter-
minals and Housings • 
High Tension Detectors • 
Test-O-Lite for Circuits 
100-550 AC or DC. 

L.S.BRACH 
MFG. CORP. 

ESTABLISHED 1906 

200 CENTRAL AVENUE 
NEWARK 4, N. J. 

WORLD'S OLDEST AND LARGEST 

MANUFACTURERS OF RADIO ANTENNAS 

AND ACCESSORIES. 

ANTENNA 

S rip-rd S 

nufactured under 

PRIVATE LABELS 
and TRADE MARKS 

for 

OBILES 

and 

RESIDENTIAL 
AM • FM • TV 

Our engineers 
erate in designing collap-
. sible and transmitting 

ntennas for every pur-
p • e, for quantity 
produ 

PEAK OF 

REC PT ON 

BROAD - BAND FM Pt TV ANTENNA 
No. 338 

SOME OF THE OTHER BRACH PRODUCTS 

ratone Signal Booster for noise-free store demonstra-
carries AM, FM and Television Antennas all on th e 

Lightning Protective Devices • Junction Bo 
lays • Arrester Housin rotective 

MULTI - BAND FM & TV ANTENNA 
No. 344 

S I RAIGHT DIPOLE & REFLECTOR 
FM ANTENNA No. 339 

WRITE F 
SPECIFICATION SHEETS 

STRAIGHT DIPOLE 
FM ANTENNA No. 334 

EASILY AND QUICKLY INSTALLED 

WITH THE 

BRACH UNIVERSAL BASE MOUNT 



Model " 51" 

Modal "718A" 

deee SHURE PRODUCTS 
FOR AMATEURS 

The "VERSA TEX," 
versatile Crystal mi-
crophone, features 
high-output, maxi-
mum speech response, 
moisture proof Cry-
stal, shock proof Plas-
tic case, R-F Filter. 
Eliminates mechani-
cal noise pickup. Ideal 
for Ham communica-
tions. Also fine for re-
cording and low cost 
P. A. systems. 

The "MONOPLEX," 
the only super-cardi-
o id crystal micro-
phone. Has high-out-
put, wide-range fre-
quency response. Per-
fect for Hams who 
want the extra "push" 
that insures a "strong" 
voice. Features high-
quality performance 
at low cost. 

Model "737A" 

The "SONODYNE," 
high-output dynamic 
microphone with 
wide-range frequency 
response. Has moving 
coil unit. Features a 
Multi - Impedance 
switch. A rugged unit 
with high sensitivity, 
yet perfect for Hams 
in high temperature 
and high humidity 
locations. 

The"ECONODYNE," 

an economical high-

output dynamic mi-

crophone with wide-

range frequency re-

sponse.Ideal for Hams 

who require good per-

formance at low cost. 

An outstanding buy 

for any Ham. Model " 52" 

Model " 55" 

\11 011\\\\ 

Multi - Impedance 
"UNIDYNE." A high 
quality super-cardioid 
dynamic microphone 
for Hams whose rigs 
are rigged for depend-
able performance, 
even under difficult 
conditions. Has same 
mechanical properties 
as Model 556, except 
for vibration isolation 
unit. 

Multi - Impedance 
-BROADCAST" dy-
naniic microphone. 
The perfect micro-
phone for the veteran, 
experienced topflight 
Ham who wants only 
the best in communi-
cations equipment. 
Features a vibration-
isolation unit. Elimi-
nates feedback. Ran-
dom noise reduced 
73e;. 

Model " 556" 

Other SHURE Mie ophones and Phonograph Pickups are illustrated 

in the new SHURE Catalogs. Write for catalogs No. 157 and 158. 
Patented by Shure Brothers and licensed under the Patents of the finish Development Company, 

>1) 

PlIONOGOIPICINS 

SHURE BROTHERS, INC. 
Microphones and Acoustic Devices 

225 W. Huron St., Chicago 10, III. 

Cable Address: SHUREMICRO 
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40-TA 

H DCL 

B a&W 
AIR INDUCTORS 

•\_ 

STOP TANK CIRCUIT LEAKS 
. . . with this complete B & W Coil 

and Capacitor assembly 

II & W Type CX Variable Capacitors provide for direct 
mounting of B & W Air Inductors. Wiring is 
biased. Cireuit lead lengths are reduced to an abso-
lute i itimum. Opposed sialor sect ions in t he 
capaci tiers provide short r-f path. Butterfly rotor 
construction permits gr ling rotor at the center 
r-f voltage  • t with respect to stators. Built-in 
neutralizing capacitors can be mounted on end 
plate. Standard types rated at 500, 750 and 1.000 
watts. Treat your new rig to real tank circuit elli. 
eicncy! Write for catalog. 

Neutralizing Plates Available in 4 Types 

B & W B, T AND HD INDUCTORS 
100-W 500-W.V1T .NNIlt 1 KW TYPES 

• MINIMUM DIELECTRIC IN THE FIELD OP THE COIL 

• EXTREMELY LOW LOSSES — RUGGED CONSTRUCTION 

• EXCELLENT APPEARANCE— Low COST 

Type "B" inductor is for use on oscillator and buffer. 
doubler stages developing up to 100 watts. Available 
in center tapped  deis without link; end link; 
center link, center tapped; and variable link—center 
tapped. For 3. 10, 15, 20, 40 and BO meter bands. 
Type “T" is speciallv suited for high powered 

neutralized buffer and final tank stages where 
pouers of 500 watts arc developed...tvailable in center 
tapped models without link; center linked with 
yeti' cr tap and variable linked with center tap. 
Nlaile for 10. 15. 20. 40 and 80 meter bands. 
Type "111)" is for maximum power and handles a 

kilowatt with ease. Available in center tapped models 
without link; center linked with center tap and 
variable linked with center tap. Nlade for 10, 15, 20, 
40 and 80 meter bands. 

B & W TVH INDUCTORS 
for powers up fa 500-watts input 

Here is a special group of units designed for greater 
flexibility through use of an eight plug jack bar. With 
these inductors it is possible to connect automati-. 
rally, a fixed padding capacitor when using the low 
frequency roil. Available for 10, 15, 20. 40 and 80 
met er bands. 

SEE B & W PRODUCTS AT YOUR JOBBER'S 

Write for Complete Amateur Catalog 



2 A " BAND HOPPERS" 

B & W TURRET ASSEMBLIES 
Fast, positive baud switching for your rig: Moderate in cost 
— easy to install — adaptable to 80. 40, 20, 15 and 10 meter 
bands. These turrets eliminate absorption effects through 
use of a unique switching assembly which shorts unused 

▪ & W — 75-Watt 2A "BAND HOPPERS"— A compact 
and panel controlled unit which may be used for interstage 
coupling between two beam power tubes or between beam 
power I:dies and triodes. 
▪ & W 75-WATT TURRETS — for link coupling single 

ended or push-pull low power stages. 11 'led 1111 a positive 
action switch arranged for panel mounting through a single 
34" hole. 

Type JTCL — Center linked, center tapped coils. 
Type TEEL — End linked. untapped roils. 
B & W 150-.WATT TURRETS — for single- and double-

ended circuits. These mount the same as 75- watt turrets and 
are tied with tubes operating at voltages lip to 1000 solts. 

Tvitt.e RCL — Center linked. ¿puller Inibibed roils. 
Type DEL — End linked. untapped coils. 

B & W BABY TURRETS- 35-WATTS 
Rated at 35 NS a I ts. these compact. 5-band so it  ta 
cover amateur bands front 10 to 80 meters. The, are suii able 
for all services s, il li any of the 50 in ni fil.  • lget e lensers. 
Sturdy construe t•  and unusual design assures permanent 
coil alignment and maximum efficiency with the  • • 
 ber of tubes. Available in four tv ItTNI straight un-
tapped; IITCT — center tapped; BTEL — end linked: and 

— center linked. All provide vastly imitroved band 
switching efficiency in low power transmitters and exciter 
stages. 

ANTENNA INDUCTORS TA AND HDA 
These coils at,. ss  I with l•  copper w ire for ease in 
tapping feeders and hase lived center links for coupling to 
either used or variable linked final tank cireuits through low 
impedance line. ailable for 10. 13. 20. ID and 80 meter 
bands. Type T t for power hi nt'. up to 500 watts and Type 
¡IDA for power inputs of one kilowatt. 

B & W 3400 SERIES INDUCTORS 
Presenting the utmost in sturdy 'construct"  and electrical 
flexibility. these coils are built s ill; au indis id Hal internal 
center coupling, adjustable over 300° — permitting precise 
impedance matching up to 600 ohms. For powers up to 500 
watts. Available for 10, 15, 20, 40 and 80 meter bands. 

THE MIDGET R-F COILS 
of dozens of uses 

G ll,ye to 1 •11.114 if> high-frequenc. 
B & W Miniduetors cost little, are beautifully con-
structed — and do the job right Every day. alma-
(curs. experimenters and equipment manufacturers 
tell us of new applications where Miniductors hase 
replaced homemade coils with a big boost of 
efficiency. Use them for receivers. transmitters and 
test equipment — in tank circuits as r-f chokes. 
high-frequency i-f transformers and loading coils 
and for dozens of other purposes. 

It & W - Air Wound" construction permit. . inall 
but sturdy supports with the absolute  " • 
of insulating material in the electrical ii. 1.1. fje 
factor is amazingly high. Standard Al iniductor 
diameters are 1/z", 54", 3/4 " and 1". each available 
in four different winding pitches. Ask your jobber. 
He can supply these coils, individually packaged. 
in standard 2" or 3" lengths. 

t\\ BCL 

TCL 

NEW! B & W TEST EQUIPMENT ON FOLLOWING PAGE 

BARKER at WILLIAMSON, Inc. 



6 New 
BaW Products 

1 —MIDGET " BUTTERFLY" CAPACITORS 
With only 25% fro,' tal area of the heavier C X Variable Capaci-
tors, these new 11&%1 JCX units are ideal for general uses — 
c-pecially for medium-ponered triode or tetrode stage plate 
circuit ,. Coil, ran be utoorited directly on the capacitors. 

2 — VFO EXCITER 
Stabilit> of the highest order. 

Tiii neu Model 500 B&W VFO Exciter is both a low-powered 
transmitter and a deluxe exciter for the amateur who demands 
an exceptionally high degree of mechanical and thermal stabil-
ity. The ideal Exciter for those who want ultimate % control 
at moderate cost. 

The Model 502 VFO complete with dial assembly and full 
instruction, mas obtained omarately. 

3 — AUDIO OSCILLATOR 
For a 11 PPlirai1011 ss l ,, r,' : in extremely stable, accurately 
calibrated -ourre of frequencies between 30 and MOM es des is 
required. 

Small size, light weight, ease of operation and outstanding 
performance make this 1181W Model 200 Audio I1-eillator tin-
surpasserl for distortion or frequenev measurement.. 

4 — AUDIO FREQUENCY METER 
for direct ini•a-tarenient • ris :Indio frequencies up to 30,000 
cycles. 

A compact, light weight, highly efficient instrument for 
routine checking of audio oscillators and tone generators or for 
direct measurements of unknown audio frequencies. Six ranges 
cover from 0-100; 300; 1,000; 3,000; 10,000 and 30,000 cycles. 

5—DISTORTION METER 
An ideal meter for frequency analysis. 

Designed for measuring low-level audio voltages and deter-
mining their noise and harmonic content, the B&W Model 
400 Distortion Meter is a highly satisfactory instrument for 
either field or laboratory use. It is also well suited for measur-
ing frequency and gain characteristics of audio amplifiers 
ult.-re a vae  tube % Ammer is required in the audio range. 

6— SINE WAVE CLIPPER 
The it.x \I ''. 1.1 2-0) Clipper is a device for gen-
erating a test signal that is particularly useful for examining 
the performance characteristics of audio frequency circuits. 
Small size, 5h" x 334" x 2%". Light weight couplet.' w ith low 
price make this entirely new instrument of great value to the 
discriminating amateur or technieian oho visit,. peak per-
formance in audio equipment. 

B & W COILS — Including Famous " Air Wound" types 
FOR ALMOST EVERY ELECTRONIC APPLICATION 

See Previous Pages 

COAXIAL 

CONNECTOR "CC- 50" 

For Efficient, Watertight Coaxial 
Cable Connections 

BARKER ite WILLIAMSON, Inc. 

FEATURED BY LEADING DISTRIBUTORS. DATA 

BULLETIN COVERING ALL TYPES ON REQUEST 

237 FAIRFIELD AVENUE, UPPER DARBY, PA. 
EXPORT: ROYAL NATIONAL CO., INC. • 75 WEST ST., NEW YORK, N. Y. 



WEST LAKE AVE. LEI-41G 

7
 Skillful engiiieeiing, latest production techniques and highest 
quality materials . . . backed by careful workmanship, exacting 
step-by-step inspection and rigorous final testing . . . are your 
assurance that SNC Transformers are a quality product—built for 
outstanding performance. 

A partial list of SNC transformers of particular interest to Hams is 
outlined below. For full information concerning the entire SNC line, 
write for FREE catalog ... your records are not complete without it! 

CHOKES 

77o4 Indus ..... at D C. D C Volt Dimensions  
Number Rated D C Hilt Res Mtg. Instil. WI. D E 

20147  8 NV  200 125 G 2000  5412 5-1 t2 2 27/32  3-1 /8 2-1/4  2 

20148  3-15 NY 200.20 125 G 2000 5-1 /2 3-1 pi 2.27/32 34 /8  24/4 2  

20151 8 MY  300 90  G 3500  10 447/32 3-25/32  3-7 /11 3 243/16 

20152 3-15 WI  300-30 90  G 3500 10 4-17/32 3-25132 11 /I 3 243/16 
20155 9 MY  500 65  N 3500 25 5-1/2 115/16 4-3/8 4-13/16 " e  

217156 3-15 My 500 50 65 H 3500 25 5-1/2 5-15/16 4-3/8 413/16 7418  

DRIVER TRANSFORMERS 

Type Ratio Pei to Pr. 
Number IniZed.rce Watts 1/2 Sac. or S.C. Z Hill Wt. Mtg. A a D 

30323 6.000 to 10.000 15 6.5 5.5 I 60 3 G 3-1/32 2-17/32 2-5/8 2 1-11/16  

30325  3.000 to 5.000 15 6.5 5. 5 1  60 3 G 3-1/32 2-Sil2 1-11/16  2.177/13.: 

30334 8.000 lo 10000 15 4 5. 4, 3 5 1 60 3 G 3-1 /32 24/11 2 1-11/16  

30338 3.00010 5.000 IS 4 5. 4. 3 5 1 60 3 G 3-1 /32  2-17/32 2-5/8 2 1-11/16  

30342 000010 10.000 15 3. 2. 1.1 60 3 G 34/32 2-17132 2-5/8 2 14106  
31.347 3.00010 5.000  15 3. 2. 1:1 60 3 G 3-1/32 2-17/33 2-5/9 2 1-11 /16  

30353 6.000 to 10.000 IS 500 Ohms 60 3 G 3-1/32 2-17/32 24/8 2 141/15  

30358 3.00010 5.000 15 SOO 01110% 60 3 G 3-1/32 2-17132 2-5/8 2 411/16  

31.363 10.000 5 241 10 3/4 13 1-7/8 2-3/8 1419 2  

FILAMENT TRANSFORMERS 

6.1002, 

4022S  

4P242 

Primary 
Voltage 

s  5020040,0 Tgre: CUIIeIII 

2.5 C.7 

5 0 C 7 

Volt 
Insol WI. Mtg• 

7.500 24 0 El 2.5/8 3-5/16 1-7/8 2-13/16  

10.000 41/2 514 44 81 34/16 2-3/4 24/4 2-1 /8 

A e D E 

120 

120 

UNIVERSAL MODULATION TRANSFORMERS 

6.00.1 I,I,pOdOfloo Wall. 

5030 30-81( IS ea 30-00  50 11(.511 100 2-1/4 

51.346 30-151( 50 80 20480 75 5004 51( 150 5-1/2 

50162  30-1514 MO 120 711.180 100 500-4 5I( 200 10 

5035. 21 
311-151( 200 200 271.180 150 500-4.51( 300 

50355 27  

51.357 

50351 

50363 

50354 

3K-ISO 

43 
30-15K 500 300 2K-1W 390 500-45K 600 51 

300 250 2K-1111( 250 5004.511 533 
27 

34 

PLATE TRANSFORMERS 

Se“ndery Charactermlic. 

Parallel Stec  Wt. MIg. Ceirlelnt z Sec...  
Z Ohms U.. A e 

2-5/8 3-5/16 1-7/11 2-13/111 
3.15/16  3-1/8 3-3/8 2-1/2 2-3/16 

4.5/8 3-3/4 4-5/8 3 34/16 

5-1/2 5-15116 4.3/8 43.-1131/1111 7.118  
5.112 5-15116 44  /3 8 7-1 /I 

6-1 /2 7-1/4 5-3/8 6-1 /8  7-1/8 

7-1/4 54/8  74 /8 6.2112.  
7-1/4 S-3111 R:6-6-1111;1: 104/4 

6-1/2 7414 5-3/8 10-311 

Dimensions 

D 

G 

G 

H 

H 

o 

Jr:« 0011.0. V.A. Voltage Volume CCreent WI. Mtg. 
Prl. Secondary D C. 

Dimensions 

A E 

 920-0.920 750 
70530 115-230 220 7.0-o-ne 600 200MA 12 a 4-21/32 3-25/32 54 /8 3 44/18 

717535 1140-0-940 7'50 17-1/2 H  
7033C—  7040-760 23 j115-230 300 300 5-1/2 5-15/16 4-3/8 443/14 7-1/8 600 

70542  1430-0-1430 1250 29 N 
115-230 500 6-1/2 74 /4 54/8 6-1 /1 7-1 11 

IPSO 1180-0-1180 100030 J  

717551 2100-0-2100  1750 3.5 
115-233 710 11130-0-1630 1500  300 47  • 6 1/2 7-1/4 5-3/8 8-1 /8 7-1 /8  

717557 2950-0-2950  2500 so  115-230 1100 300  ▪  41/2 74 /4 54/11 64 /8 10414 
2350-0 2350  MOO  62  

115-230 1500 500 • 74/4 7414 45/8 41 /8 147/4 
70563 3554-0-3550 MOO 77  

2350-0-2350 2000   

POWER TRANSFORMERS 

709 FrI. 0.015.1 VallO Rod Plate 
R OA S. D.C. 

Ma. Rml Fil. Healer Wt. Mtg. 
S.C. Volts Volt. A I C D E  

lea 450-0450 200 SV. M 3A. 6.3V. CT 0, 5 A. 7 F 417/32 3-25/32 4-3/4 34/4 a  
817205 120 4504450 325 5V. 10 SA. 6.3V. CT le I A. 15 N 5-1  /2 S-15110 44/8 4-13/16 7-1 /8 
00208 120 550-0-550  SV. Pi 6A. 6.3V. CT e A. IS H 5-1 /2 5-15/16 4418 443/16 7-10 

DI mien0 on • 

MANWAMRIN CO., INC. 
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INSULATED 
COMPOSITION AND 

WIRE WOUND 
RESISTORS 

Type LIT Insulated Composi-
tion Resistors— 1/2 , V2, 1 & 2 
watt. Utilize patented IRC 
filament principle. Low operat-
ing temperature; excellent 
wattage dissipation. 330 ohms 
to 22 meg. in RMA ranges. 

Type BW Insulated Wire 
Wound Resistors— 1/4 , 1/2 , 1 & 
2 watt. Exceptionally stable 
resistor for low range require-
ments. 0.24 ohms to 8,200 
ohms in RMA ranges. 
(Fully described in IRC Corning = 3,) 

POWER WIRE WOUNDS 

Available in full range of sizes, types and 
terminals. Two types of special cement 
coating to meet varied types of service 
requirements. Uniformly wound with highest 
grade alloy wire on tough non-hygroscopic 
tubes. Rugged terminals securely attached. 

(Fully described in IRC Catalog C-2.) 

\ 

  1 ffildflf 

VOLUME CONTROLS 

Type DS, 11/4 " diameter con-
trol rated at V3 watt over 
entire element. 

Type D all-purpose control 
with IRC Tap- In Shaft. Accom-
modates any one of 11 shafts. 
Both types feature exclusive 
Spiral Spring Connector and 
Five Finger Contactor. 

(Fully described in IRC Catalog A-3.) 

FLAT POWER WIRE WOUNDS 

Designed for vertical or horizontal mounting, 
singly or in slacks. Higher space-power ratio 
than standard tubular wire wounds. Lightweight 
construction with extreme mechanical strength. 
Fixed and adjustable types. 

(Fully described in IRC Catalgn C-1.) 



2 WATT WIRE WOUND 
POTENTIOMETER 

A fully dependable wire wound control pro-
viding maximum adaptability to most rheostat 
and potentiometer applications within its 
power rating. 11/4 ” diameter featuring IRC 

Spiral Spring Connector, long wearing alloy 
contactor and welded terminals between 
resistance element and terminals. 

(Fully described in IRC Catalog A-2.) 

WIRE WOUND RESISTORS 

Type MW is a fiat wire wound resistor of radically 

different design. Completely insulated and pro-
tected. Offers many opportunities in cost reduction 
by low initial cost, lower mounting cost, flexibility 
in providing taps at low cost, and saving in space. 
Multi- section feature permits exceptional flexibility 
for voltage dividing applications. 

(Fully described In IRC Cutalog B-2.) 

INTERNATIONA 
401 N. Broad Street 

In Canada: Interna 

FINGER-TIP CONTROL 
AND SWITCH 

Compact, wafer-thin control, 

no bigger round than a nickel. 
"Molded-In" element and sim-
plified construction enable 
Type H Control to fill many 
important applications where 
small size must combine with 
dependable performance. 
Type SH Switch, similar in 
construction to the Fingertip 
Control, is a four point switch 

utilizing the rotating cover 
principle. 
Aiy described in IRC Catalog A-1.) 

PRECISION RESISTORS 

A scientifically designed resistor combining 
highest quality materials with maximum in 
accuracy and dependability. Used extensively 
by leading instrument makers. 1% accuracy is 
standard; closer tolerances available at slightly 

increased cost. 
(Described in IRC Catalog D-1.) 

NCE COMPANY 
Philadelphia 8, Pa. 

Toronto, Licensee 

other products 

in I RC's com-

plete resistor 

line are described 

on the follow-

ing pages 
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WHEREVER THE CIRCUIT SAYS --MAn 

other products 

in IR ('s com-

plete resistor 

line ore described 

on the preced-

ing pages 

HIGH FREQUENCY 
RESISTORS 

Type MP for frequencies 

above those of conventional 
resistors. 1/4 watt to 90 watts. 
Thin film of resistance material 

is bonded on ceramic form to 
provide a stable resistor with 
low inherent inductance and 
capacity. Broad range of ter-

)r,,ninal types. 
(Fully described in IRC Catalog P-1.) 

POWER RHEOSTAT 

Type PR 25 and 50 watt. All- metal 
construction. Heat dissipating qualities 
of aluminum fully utilized. Operate at 
full rating at approximately half the 
temperature rise of equivalent units. 
Can be operated at full power in as 
low as 25% of rotation without 
appreciable difference in tempera-
ture rise. 
(Fully described in IRC Catalog E-2.) 

HIGH VOLTAGE 
RESISTORS 

Type MV resistors are de-
signed for high voltage appli-
cations where high resistance 
and power are required. 
Unique application of filament 
resistance coating in helical 
turns on ceramic tube provides 
conducting path of long effec-
tive length. 2 watts to 90 watts. 
Variety of terminal types. 

(Fully described in IRC Catalog G-1.) 

RHEOSTAT AN3155 

Type PRT 25 and 50 watt. Developed to 
meet rigid Army- Navy specifications. Totally 
enclosed for protection against dirt and 
damage. All- metal construction. Can be 
operated down to 25% of full rotation with 
only minor increase in temperature rise. 

(fully described in WC Catalog E 1.) 



WATER-COOLED 
RESISTOR 

Unique high frequency- high 
power resistor for television, 
FM and dielectric heating 

applications. High velocity 
stream of water flows in spiral 
path against resistance film. 
Power dissipation up to 5 K.W. 
35 ohms to 1500 ohms. Resistor 
elements interchangeable. 

(Fully described in IRC Catalog F-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 IRC Type BT and BW resistors 
are available in Matched Pairs. 

(Fully described in IRC Catalog B-3.) 

INTERNATIONA 
401 N. Broad Street 

In Canada: Intern 

VOLTMETER MULTIPLIERS 

Type MF consists of a number of IRC Precisions 
interconnected and encased in a glazed ceramic 
tube. Tube is hermetically sealed. Completely 
impervious to humidity. Maximum current: 1.0 M.A.; 
0.5 megohms to 6 megohms. 

(Fully described in IRC Catalog D-2.) 

IRC 
RESIST-O-GUIDE 

New aid in resistor 
range identification. 
Turn three wheels to 
correspond with color 
code and standard 
RMA Range is auto-
matically indicated. 
10( at all IRC 
utors. When ordering 
direct send stamps 
or coin. 

For detailed information on 
any of IRC's mony resistor 
types write for catalog 
data bulletins specifying 
the product in which you 
are interested. 

All standard IRC resistors are readily available 
in nominal quantities right from distributors' 
well- stocked shelves. These stock units are listed 
in Catalog 50 ... write for your copy and the 
name of your nearest IRC distributor. 

NCE COMPANY 
Philadelphia 8, Pa. 

89 
, Toronto, Licensee 



RADIO DATA BOOK 
All data and basic knowledge in radio and 

electronics digested into 12 sections ... 

over 1000 pages in a complete, quick to 

find, easy to read, handbook form. 

Plan every operation in radio and electronics with the RADIO 
DATA BOOK. This new radio bible will be your lifelong tool 
... you will use it every day, on the board, at the bench, in 
the field. Use it for construction, troubleshooting and testing. 
The RADIO DATA BOOK will be your invaluable aid in 
design, experiment and in layout. If will help make your 
production better, faster and easier. In any and every opera. 
lien in radio and electronics, you will use the RADIO DATA 
BOOK. 

The RADIO DATA BOOK is a work of complete authority, 
prepared by engineers with many years of practical expe-
rience. They have been assisted by the Boland 8 Boyce staff 

of editors skilled in preparing electronics manuels for the U. S. 
Signal Corps for many years. These men have worked for 
several years gathering material for this book ... all the 
knowledge of radio principles and operation ... all the 
statistics ail the newest developments in electronics ... 

every possible angle and detail. Eighteen months were spent 
digesting this material into the most concise, the clearest, 
and the most readable form. The result is this invaluable 
manuel ... The RADIO DATA BOOK. Whether you use this 
book for general reference, for scientific instruction, or for 
education, one thing is certain—the practical help, the daily 
usefulness you will derive from it will prove to be worth 
many, many times its astonishingly low price. 
Advanced Sale ... first printing. Only 10,000 available. 

... To make sure lo get your RADIO DATA BOOK, mail 
your order NOW. 

12 sections ... 1000 pages ... Completely illustrated 

Section I. 
Section 2. 
Section 3. 
Section 4. 
Section S. 
Section 6. 

Section 7. 
Section 8. 
Section 9. 
Section 10. 

Section 11. 

Section 12. 

THE 150 BASIC CIRCUITS IN RADIO. 
COMPLETE TEST EQUIPMENT DATA. 
TESTING, MEASURING AND ALIGNMENT. 
ALL ABOUT ANTENNAS, 
SOUND SYSTEMS. 
ELECTRICAL AND PHYSICAL CHARACTER-
ISTICS OF RADIO COMPONENTS. 
COMPLETE TUBE MANUAL. 
CHARTS, GRAPHS AND CURVES 
CODES, SYMBOLS AND STANDARDS. 
50 TESTED CIRCUITS DESIGNED FOR OP-
TIMUM PERFORMANCE. 
DICTIONARY OF RADIO AND ELECTRONIC 
TERMS. 
RADIO BOOK BIBLIOGRAPHY. 

12 complete books in one, only S5.00 
Handsomely bound in red and gold 

Less than 42fi per book 

• 
TilUOMpifif 711%/N/CAI Tf1117.f!'e 

NANDIVOK 

THE 

VIDEO HANDBOOK 
Everything in Television in one Complete 

Textbook. Over 500 pages completely 

illustrated. 

This new handbook will be invaluable to everyone con-
cerned with technical Television. Everything in basic theory 
of television through the design, construction and production 
of receivers to final installation, operation and maintenance 
is covered. This is a completely new book that includes all 
of the latest developments in the field—the components 
discussed are of the newest design ... the practical mainte-
nance described is a result of intensive study and operation 
of equipment during the last two years. 

There are five completely illustrated sections in the VIDEO 
HANDBOOK, each over a hundred pages long. Each section 
completely covers one phase of television. They can be 
referred to constantly in any type of work dealing with this 
rapidly expanding field. Television transmission is thoroughly 
explained in order to broaden the understanding of Video 
reception. The techniques of receiver design are analyzed 
technically and from a standpoint of economics. The problems 
of installation of receivers and antennes are clarified, and 
all instructions are presented in datait. How to operate equip-
ment for optimum satisfaction is thoroughly explained and 
complete maintenance of all existing components is clearly 
and carefully outlined— stage by stage— part by part. 
No malter what your interest or position in the world of 

Radio and Television is—you will want the VIDEO HAND-
BOOK for your reference. You will want to read it for its 
vital, monumental story of a great new industry. And you 
will want it for it can help YOU make Television even greoterl 
Send in your order today, it's an investment that will pay off 
day after day for years to come! 
Advanced Sale, first printing. . . . In order to get your 

Video Handbook, send in your order NOW 

The Video Handbook 
Section I • Theory Section 3 • Installation 
Section 2 • Design Section 4 • Operation 

Section S • Maintenance 

500 completely illustrated pages 
handsomely bound in red and gold 

only $ 5.00 
Send in your order TODAY — $5.00 for either book — or $9.00 for BOTH 

ROLAND & BOYCE INC., PUBLISHERS 

460 BLOOMFIELD AVE. MONTCLAIR 1 1 , N. J. 



What Every Radio Amateur Knows.. 

"NEWARK" means SERVICE 
DEpENDAelse 
More and more, every day, Amateurs are learning to " DE-
PEND on NEWARK" for Service — for Values! And here are 

some of the reasons why: 

• Huge Stocks. Our inventories 
of Standard Brand merchandise 
are among the largest in the 
country. 

• Fast Service. Our organiza-
tion is geared to speed your or-
der through to shipment within 
24 hours after receipt! 

• Values in Surplus. As author-
ized agents of War Assets Admin-
istration. wary first to offer you 
the best in surplus material and 
equipment. 

• "Ham" Personnel. Well give 

your order the kind of attention 
you want—because we're Hams 
tool 

• Three Large Stores in New 
York and Chicago, with tremend-
ous stocks and competent cour-
teous personnel to make a great 
event of your shopping trip. 

• Periodic Bulletins, keep you 
posted on what's new in stand-
ard equipment and bargains. To 
get on our mailing list, simply 
send your name and address on 
postcard. 

. and remember — when ordering, don't ask if we've got 
the item you want — just name it, that's all! We'll fill your 

order promptly! That's NEWARK's DEPENDABLE SERVICE. 

Choose Who/ You Need NOW 

Take ONE YEAR to Pay 
20% DOWN • 12 MONTHLY PAYMENTS 
Now you can buy all th• wonderful new equipment you want 
Receivers . . . Transmitters . Test Equipment . • . Sound Systems 
. . . Parts . • . and hundreds of other items . • . for only a Small 
Down Payment! Yes, take ONE YEAR TO PAY the Balance on our 
convenient Low Cost Plan. The only carrying charge, is 6% of the 

Here's how the plan works: Choose any equipment totalling sis  
un paid balance. No Morel 
more from our tremendous stock of standard lines . . Pay only 
20% down • . . The balance in 12 Easy Monthly Installments. 

LIBERAL TRADE-IN ALLOWANCE 

ELECEWAK N R TRic campANy.INC 

NEW YORK 
Offices & Warehouse 

242 W 55,h St, N.Y. 19 

Chicago Store 

N. y 

W ateheu. se 

CHICAGO 
323 W. Madison St. 

Chicago 6, Ill 

New York City Stores: 115-17 W. 45th St. & 212 Fulton St. 
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The Thermador transformer models listed have been engineered to cover the widest range of 

application for use in receivers, amplifiers and small transmitters. Both the L Case Type and 

the A Case Type are attractively finished in durable baked grey enamel. High silicon content 

core materials, with low current and flux densities, contribute to the engineering superiority 

which results in small physical size and low temperature rise of Thermador power trans-
formers. All power transformers have static shields which are grounded to the case and core. 
Thermador transformers are Thermatite treated, an exclusive process which gives them 

resistance to withstand extreme conditions of humidity and heat. 

Thermador Transformers Are Guaranteed for One Year 

POWER COMPONENTS 
11111 

FLACK 

PRI 

RED  
RED YELLOW 

C. 1 SEC 
RED 

GREEN 

GREEN 
PIL. 

POWER 

TRANSFORMERS 

OUTSIDE DIM. 
TYPE CASE SEC. SEC CUR. RECT. FIL. FIL. H. W. D. 

5A4056 A 205-0-205 50 Ma. 6.3 @ 2.5A 23/4  23/8 31/8 
5A5066 A 270-0-270 60 Ma. 5V 2A 6.3 @ 2A 31/4  23/4 31/4 

5A6076 A 300-0-300 65 Ma. 6.3 @ 2.7A 31/4 23/4  31/4 
5A6066 A 300-0-300 65 Ma. 5V 2A 6.3 @ 2.1A 31/4 23/4  31/4 

5A6086 A 300-0-300 7.5 Ma. 5V 2A 6.3 @ 2.85A 31/2  3-3/16 3-7/16 

5A6096 A 275-0-275 90 Ma. 5V 2A 6.3 Ct. 3.15A 31/2 3-3/16 3-5/16 
5A6116 A 310-0-310 110 Ma. 5V 3A 6.3 Ct. 5A 41/8 35/8 3-5/16 
5A6146 A 300-0-300 135 Ma. 5V 3A 6.3 Ct. 3.3A 41/4  3% 33/4 
5A6196 A 320-0-320 185 Ma. 5V 3A 6.3 Ct. 6A 41//3 3% 4 

CHOKES 

RED.OLACK 

RED YELLOW 

RED 
RED. YELLOW 

RED 

YELLOW 
r YELLOW 

GREEN 
GREEN  

MOUNTING 
CENTERS 
W. D. 

13/4  2-13/16 
2 2-7/16 

2 2-7/16 

2 2-7/16 
21/4 2-9/16 

21/4 1-15/16 
23/4 2 
23/4 21/4 

23/4  2-11/16 

C 1 SEC. 

RECT FIL 

FIL 

LIST 
WEIGHT PRICE 

2# 5 On. $4.80 
3.t. 6 On. $5.90 

$5.35 
3= 6 OR. $6.50 

1 On. $6.80 

3.= 11 Oz. $7.35 
$7.10 

5= 13 Oz. $8.10 

7= 8 On. 510.25 

MOUNTING LIST 
OUTSIDE DIM. CENTERS WEIGHT PRICE 

TYPE CASE IND. CURRENT RESIS. H. W. D. W. D. 

711005 l 10 Hy. 50 Ma. 450 Ohms 1% 23/4  13/6 21/4 9 OR. $2.45 
711008 L 10 Hy. 75 Ma. 380 Ohms 2 31/e 11/2 13/4  8 On. $2.90 

7A1809 A 18 Hy. 90 Ma. 600 Ohms 27'8 2% 2-13/16 13/4  1-15/16 1= 14 On. $4.85 
7A1414 A 14 Hy. 135 Ma. 260 Ohms 31/4 33/4 3 2 2-3/16 2.= 12 On. $5.00 

7A0819 A 8 Hy. Ct. 185 Mo. 212 Ohms 3-3/16 2-11/16 33/13 2 x 21/2  3 .7..". 8 On. $5.15 

FILAMENT TRANSFORMERS 

MOUNTING 
OUTSIDE DIM. CENTERS 

TYPE CASE FIL. CURRENT TEST H. W. D. W. D. 
616022 I. 6.3 Ct. 2.25 A 2000 2 31/8 17/8 23/4  

6A6042 A 6 3 Ct. 4.0 A 2000 23/4  2% 3-3/16 13/4  21/4 2.= 5 On. $4.80 

Cose "A" is an Enclosed Underwriters' approved cose Upright Mounted, leads through bottom of case. 

Case " L" is an Open Bracket Strop Mounted type with Leads and Lugs. All prices subject to change without notice. 

Prices subject to usual trade discounts. F.O.B. Factory. Freight allowed on shipments in U.S.A. $ 100.00 net or over 

LIST 
WEIGHT PRICE 

1 e 8 On. $3.00 

MANUFACTURED BY THERMADOR ELECTRICA 



AUDIO COMPONENTS 

BLUE 

TRANSCEIVER 

TRANSFORMERS 

LIST 
WEIGHT PRICE 

MOUNTING 
TYPE CASE OUTSIDE DIM. CENTERS 
NO TYPE PRI. SEC RATIO H. W. D. W. D. 

211726 L 100-10,000 65,000 1.025.5 1-5/16 1-13/16 1 11/2 

PLATS 

R4 
. 20.000 OHM. 

BLUE 
PLATE 

GREEN 

GRID INTERSTAGE 

GRID. 

TRANSFORMERS 

3 Oz. $3.65 

GRID. 

TURN MOUNTING LIST 
TYPE CASE PRI. SEC RATIO OUTSIDE DIM. CENTERS WEIGHT PRICE 

H. W. D. W. D. 

3A2602 A 20,000 P.P. 55,000 P.P. 11.73 27/8 23s 23/8 13/4 2 1#" 13 Oz. $6.10 
311103 1 10,000 Sngl. 100,000 P.P. 1:3.16 1% 2% 1% 21/4 8 Oz. $2.95 

TYPE CASE 

41.1026 

411048 L 

414066 
411051 L 
411046 

4A8105 A 

4A7145 A 

OUTPUT 

TRANSFORMERS 

PRI. 

5K, 7K, 10K, Sngl. 
3.5K, 5K, 8K, 10K, 

Sngl. & P.P. 
2K, 2.5K, 3K, 4K, Sngl. 
4K, 5K, 8K, 10K, P.P. 
2K, 2.5K, 3.5K, 5K, 7K, 
10K, Sngl.; 3K, 5K, 7K, 

10K, P.P. 

5 & 8K C.T. P.P. 

5 & 6.6K C.T. P.P. 

PLATE 

PLATE 

LIST 
WEIGHT PRIEM 

MOUNTING 
OUTSIDE DIM. CENTERS 

SEC. WATTS MA. PRI. H. W. D. W. D. 

2-6 Ohms 2 15 1-5/16 1-13/16 11/8 11/2 
2-8 Ohms 5 40 1-7/16 2-7/16 11/2  2 

4 

3 Oz. $2.70 
5 Oz. $3.10 

2-6 Ohms 5 55 11/2  2% 11/2  2 5 Oz. $3.00 
2.12 Ohms 10 50 2% 3 17/s 21/2 1# 5 Oz. $3.55 
1-6 Ohms 7.5 45 1-9/16 23/4 11/2 2-5/16 8 Oz. $3.25 

4-8-500 Ohms 15 95 2% 2% 27/e 13/4 
x 1-15/16 

3-4-6-8- 26 140 31/2 2-15/16 31/2  21/4 
16-500 Ohms x 2-9/16 

OTHER MODELS WILL BE AVAILABLE SOON— WRITE FOR INFORMATION 

1# 12 Oz. $6.00 

4# 8 Oz. $9.50 

MANUFACTURING COMPANY • LOS ANGELES 22, CALIF. 



TYPE 

C8C-0 

CRC 

VDO 

VSS 

VS1 

FREQUENCY 
RANGE 

60- locookc 

60-10000KC 

1000-10000KC 

1000-4000KC 

1000-4000KC 

VDS I000-6000KC 

VOS 

XLS 

XL- 100 

VT) 

VM2 

CM) 

CMS 

AI 

VR1 

VR6 4000-60000KC 

CFI 

1000-6000KC 

80-1000KC 

100KC 

1000-10000KC 

1000-4000KC 

2000-60000KC 

1000-4000KC 

2000.60000KC 

1000,1000KC 

3000-10000KC 

`IL lit 

PINS DESCRIPTION USE 

Standard 
3-Pin Mount 

Special 

Standard 
5-Pin Mount 

.123 Dia. Pins 
3/4' Spacing 

.125 Dia. Pins 
34' Spacing 

Special 3-Pin Mount 
5/3,' Die. 

Octal 
1, 8-4, 3 
Mal A —Mal 8 

.123 Diu. Pins 
34' Spacing 

.123 Dia. Pins 
3/4 'Smming 

Octal 
2, 3-7, 8 

.123 Dio. Pins 
3/4 'SpocMg 

.123 Die. Pins 
3/4 'SmuMiz 

.12S Die. Pins and 
G.R. Pins 34", I/8 'No', 
.830 Spacing 

.091 Dia. Pins 

.486 Spacing 

Solder Lugs 

.ÎU' Deeriginn..   

Solder Lugs 

.050 Clia. Pins 

.486' SPo.n8 

6, II, 10 Volt Oven 
Variable Air Gap 
1i/z°C. Accuracy 

Micrometer Ad¡use. 
Variable Al, Gap 

Single or Dual 6 Volt 
Oven 
Gasket Sealed 
• ‘ C. Accuracy 

Variable Air Gap 
Horizontal Mount 

Fixed Air Gap 
Pressure Clamped 
Horizontal Mount 

Single or Dual 
Crystals 
Gasket Sealed 

Single or Duel 
Crystals 
Gasket Sealed 

Clamped Crystal 
Mount. liormeticelly 
Sealed 

Clamped Crystal 
Mount. Hermetically 
Sealod 

Vacuum Sealed Metal 
Tube Type Unit 

fixed Al, Gop 
Horizontal MOVIli 
Gasket Sealed 

Fixed Al, Gap 
Horizontal Mount 
Gasket Sealed 

Gasket SeaNd 
Fixed Air Gap 
Vertical Mount 

Gasket Sealed 
Fixed Al, Gap 
Vertical Mount 

Flat Compact 
Gasket Sealed 

Fixed Air Gap 
Vertical Mount 
Gasket Sealed 

Small, Flat, Comport 

Vacuum 
Sealed Metal Cote 

Broadcast, Fixed Sta-
tions and Freq. Stand-
ards. 

broadcast, Fixed Sta-
tic« and Freq. Stand-
ard!. 

Fixed and Mobile for 
Transceiver Equip-
ment. Railroad Com-
munications. 

Police and Fixed Sta-
tions. 

Police and Fixed Sta-
tions. 

MoriIle, Aircraft or 
Polk.. 

Marine, Aircraft or 

Radar and Fixed Sta-
tions in the Low Fre-
quency Range. 

Frequency Standards. 

Frog  Meters. 
Standards and General 
Applications. 

Fixed and Mobile Ap-
plications. 

Marine, Police Ama-
teur, Fixed and Mobile 
Stations. 

Marine, Police, Air-
craft and General Ap-
plications. 

Marine, Police, Ama-
teur, Fixed and Mobile 
Stations. 

Aircraft 

Marine, Police, Air-
craft. 

Filter Applications. 

Mobile, Fixed Stations, 
VHF, Experimental. 

For every crystal application, VALPEY invariably 

gives outstanding performance. Select your 
VALPEY unit from the above chart, or send your 

specific crystal requirements to VALPEY. In every 
field where accurate crystal control is the aim — 

invariably its VALPEY. 
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H°Ilicrott 
Guardian 
Cord -well 

Ei rn ac 
Hickok 
Burgess 
Audiodiscs 

IBC 
Jens.n 

Meissne r 
Ohmitc  
National 
Raytheon 

Potter & R m v ruheld 

Universal 

Taylor 
Sangoin° 
Word Leonard 
Mallory 
H & H 

Belden 
Hernm 
Ganer:'''d g' lc 
Cor n•III -• ectr• .Dek  

Brush 

Astatic 
Heron 

Johnson 

Millen 
RCA 

Shure 
-"order 
U 'a" TC  
Clare stet 

Browning 

Mueller  
Rider 

Simpson 
... ' obe 

Bogen 
Bliley 

ABB"' arker-Williamson 
Amper i iiiiemsen 

te 

Mu - Switch --witch 
"̀crover 

Advan ce 
- 

Stone 
Abb ott '. 

Ser"hers- Dunn 
• riPlett T  
Centyelob 

Gammatron 

ES ICO 
Dunce 
Dumont 

Diolco 
Coto 
Ger.:se 

Cannon 

Brandes rondes 
Birnbach 

AIR 
Arrow 
Heintz and Koet , o 
Kato 
Lenk 

Pyrex 
Resordiio 

Sigma 
Trimm 

Bwilsheet 
Kest, 

irr IfttA\0110 
SOtf)1Cpb 

, ell wasegnston st.. ..ar 

' 805100. MASS.. U. 
J S.A. ^ 

Foe AMATEURS ALL OYER 1%4E. Woato 
\Vie do hens in Casablanca, Buenos Aires, 
Athens, Shanghai, and Nelsinlci seek out"The 
Shack" -- by mail, cable, and sometimes in person? 
BECAUSE since 1924 RADIO SNACK. has meant 
RELIABLE SERVICE. to amateurs in the far corners 

...., of the world • . . Service rnacle possible by out real 
--.. understanding of the problems of the amateur and 

1 by an enormous stock of the products of all the 

world-famous tnanufacturers. 
The service that he made Radio Shack customers in 

S.,•.:•••-• Cave and Constantinople -was established fe you 
' -- the amateurs of America. Use it to build your 

better, bigger "Nam Shade' -- faster, for less cost. 

You'll fed our C_,atalog N-48 a handy aicl• NIEJfite 

today — it's free. .4., 
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Mat Cf C€ dewed eptel44 alma 
POST WAR CRYSTALS 

BECAUSE of the lack of accurate informa-
tion supplied the ham fraternity, more 

than ordinary trouble is being experienced 
in getting post-war crystals to operate prop-
erly. Regardless of make, many amateurs 
are having difficulty with frequency drift 
and with chirps when the oscillator is keyed. 
Because hams are a curious group, who want 
the facts, here they are! 
Good post-war crystals are definitely su-

perior to pre-war types — in applications for 
which they were intended. 
The new post-war crystals are nearly all 

AT or BT cuts, with a temperature coeffi-
cient of less than 2 parts per million per 
degree Centigrade, compared to old pre-war 
X or Y cuts with 23 to 100 parts per million. 
About 1940, equipment manufacturers 

and the Armed Forces wanted better crys-
tals - and realized that to have them, crys-
tals were to be used for frequency control 
not for the handling of huge amounts of 
power. Thus smaller crystals were satisfac-
tory, and with drift but 10% of what it used 
to be, the use of a huge plate to dissipate 
heat was no longer necessary. These crystals 

CRYSTALS 

met the military demands for they also pos-
sessed excellent activity. 

Prior to the war, acid etching was almost 
unknown. Crystals were finished with abra-
sive. This led to " aging" — a gradual in-
crease in frequency as small chips broken 
loose by the abrasive came off the surface 
of the crystal -- and reduced activity. By 
acid etching as it is done at the James 
Knights plant, crystals are " stabilized" se 
these effects were eliminated and increased 
activity was achieved. Ham equipment was 
usually designed to use the pre-war, less 
active, unetched crystals. Unless precau-
tions are taken, the new crystal when plugged 
into old type equipment frequently results in 
excessive heat and fracturing due to violent 
activity. 
The solution is simple - reduce crystal 

current and see what fine performers these 
new crystals really are! 
A word about some of the surplus variety: 

many are quickly lapped into a ham band 
without etching. 
For the convenience of amateurs, James 

Knights manufactures a complete line of 
crystals in both the j:i "  and pin spacing. 

eased& ‘,.„).i eateeed 

3/4" pin spacing in a fre-
quency range of 2,000 to 
20,000KC. H173 

NEW 10 METER CRYSTAL 
No special circuit re-
quired. Third mode 
crystals, 27 to 29.7 
MC hermetically 
sealed, with standard 
Y2" pin spacing. 
Also available in 
25 MC for doubling 
to 6 meters. 
Price - - - - $495. 

744MS KNIGHTS& 
SANDWICH, ILLINOIS 
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Ya" pin spacing, Frequency 
range 2,000 to 20,000 KC. 

Manufacturérs o a ComP 
Line of Industrifal, B roadclaeslt,e 
Communication and Amateur Gystats. 

WRITE FOR ILLUS. CATALOGS 
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lways First with the Latest 

argest Stocks in the World 

owest Prevailing Prices 

mmediate Shipment 

asiest Time Payments 

ependable Ham Service 

Knock at Any 
Ham Shack Door... 
Knock at a thousand ham shack doors — 
anywhere—and the chances are you'll find 
ALLIED-supplied station equipment and a 
file of well-thumbed ALLIED Catalogs in 
most of them. . . . 
Amateurs everywhere—for more than 25 

years—have looked first to ALLIED as their 
most dependable supply source. "Equipped 
by ALLIED" has become a popular phrase, 
descriptive of thousands of fine amateur 
stations all over the country and abroad. 
Our large staff of hams, who share your 

interest in Amateur radio, see to it year-in 
and year-out that ALLIED has ready for im-
mediate shipment at the lowest prices, the 
world's largest stocks of quality station equip-
ment. Try us. Count on us. We'll deliver the 
goods to your shack door—and stay right with 
you on any and all of your problems. . . . 

WRITE FOR YOUR COPY OF THE 

LATEST ALLIED CATALOG 

IN AMA TEU 
RADIO 

4WD RADIO 
FOR OVER 25 YEARS 

833 W. JACKSON BLVD., DEPT. 10-8 
CHICAGO 7, ILLINOIS 
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WHEN e eed „se 
MAKES YOUR HEAD WHIRL 

4ele 

EVERY OPERATOR COMMERCIAL or AMATEUR] 

SHOULD HAVE A COPY OF THIS 

Are you wasting your time because you neglect or 
overlook increasing your speed and efficiency? Then 
the Candler System Book of Facts is just the thing 
for you. It tells you in clear, easy-to-read terms 
which are scientific and distinctive, how to learn 
code or improve your code proficiency to meet 
any requirements. 

Many operators face the handicaps of nervous 
tension. If you are one, the Candler system will 
relieve you of this insecurity and build up self-
confidence in your own ability. In this way you 
will he able to apply your talents to top speed and 
maxi lllll ni proficiency. 

Thousands of operators today learned the 
Candler Champion may. Many of the foremost 

THE 

BOOK . . . 

operators in the business today are included among 
Candler's former students. You have the saine 
opport y to better your own speed and efficiency 
non. Perhaps you want to become a Commercial 
Operator. Or maybe you ust want the thrill of 
being an expert Amateur Operator. In either case 
the technique of fast, accurate telegraphing and 
the ability to meet all requirements is necessary. 
The Candler System offers you all these. 

Develop your skill now. Improve your speed. 
Expert operators are always in demand so it is 
very wise to prepare yourself for the top bracket 
among operators. That's what the Candler System 
is designed for — and at a price so reasonable that 
anyone interested in developing skill and speed 
can afford. 

WAY IS THE 

TED MCELROY is the Official Champion Radio 
Operator, Speed 75.2 w.p.m., won at Asheville Code 

Tournament, July 2. 
l939. Ilere is what World 
Champion McElroy 
has to say; "My skill 
and speed are the result 
of the exclusive, scien-
tific training Walter 
Candler gave me. Prac-
tice is necessary, but 
without proper training 
to develop Concentra-
tion, Co-ordination and 
a keen Perceptive Sense, 
practice is of little value. 
One likely will practice 
the wrong way." 

WAY 
NO EXPENSIVE EQUIPMENT NEEDED 

Special training is the prime requisite in learning code or in 
developing skill and speed. CANDLER. from ‘rido r.Porirmx, 
in training high- peed operators, offers a System designed to 
make you an expert in a simple, thorough and interesting way — 
to help you get ahead faster and go farther. Much valuable time 
is saved when you know the CANDLER SYSTEM, and apply 
the laws and fundamentals governing speed and accuracy. The 
CANDLER SYSTEM offers you Sl'EED. SKILL and TELE-
GRAPHING PROFICIENCY. 

For BEGINNERS and 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 IIIGH SPEED TYPEWRITING COURSE, designed for 
those who desire typewriting proficiency and speed. Especially 
designed for copying me—ages and pre.- oith ty pewriter. 

SEND FOR YOUR BOOK NOW — YOU'LL NEVER REGRET IT 

CANDLER SYSTEM COMPANY 
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P. 0. Box 928, Dept. 10, Denver 1, Colo., U. S. A. 
and at 121 Itingsway.  , W.C. 2. England 
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A few 

BEST SELLERS 
in the ADVANCE LINE 

Conservatively rated ... carefully 
engineered ... and sold by leading 
jobbers throughout the U.S.A. and 
abroad. .. Advance relays continue 
to enjoy ever increasing preference 
among "hams" and design engi-
neers alike. 

FREE catalog 
shows prices and complete details of 
entire line. 

WRITE 
TODAY! 

gdvance,eekeys 

Type 750 

ADVANCE ELECTRIC & RELAY CO. 
1262 West 2nd Street, Los Angeles, California • Phone Michigan 9331 

Type 800 

Series 
K1600 (DC) 
K1500 (AC) 

Type 1200 

Series 
5200 (AC) 
6200 ( DC) 

1 

Series 950 
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DB 22A 
STANDARD 

THE RME 45 RECEIVER 
The RME 45 communications receiver 

provides peak performance on both the high 
and low frequencies. It's accomplished by 
the use of ! octal tubes — shorter leads — 
reduced distributed capacity and tempera-
ture compensating padders. 

Especially desirable are two additional 
refinements— Cal-O-Matic two speed tun-
ing and calibrated bandspread. Two speed 
tuning tunes fast to cover the band, tunes 
slowly to find the station. It provides the 
maximum in mechanical and electrical effi-
ciency. Other features include: 

• Streamlined two-toned cabinet that 
matches the Standard DB 22 A and 
VHF 152 A in size and.appearance 

• Six Bands, 550 to 33,000 KC 
• Automatic Noise Limiter 
• Variable Crystal Filter 
• Signal Level Meter 

VHF 152A 
STANDARD 

DB 22 A PRESELECTOR 
The new DB 22 A has been completely 

redesigned for greater efficiency and higher 
signal to noise ratio. It uses two of the 
new efficient 6BA6 miniature tubes. The 
DB 22 A provides tremendous increase in 
both gain and selectivity when used with a 
good communications receiver. Average 
overall gain is 30 DB achieved throughout 
the tuning range of .54 to 44 MC. Image 
rejection is phenomenal — better than 50 
DB with a communications receiver having 
a single stage of RF. The DB 22 A has its 
own power supply — is entirely self con-
tained — entirely in a class by itself! This 
preselector also comes in two models to 
match in size and appearance either the 
RME 45 or the RME 84 receivers. The 
larger cabinet of the DB 22 A matches the 
RME 45, the DB 22 A -Type S- matches 
the smaller RM1 84. The price is the same. 
Both are identical except for cabinet size. 

10•11«.15 and 20 METERS 
Because of the double conversion system, the HF 10-20 

provides outstanding and imageless reception on the 
above frequencies. And it's an especially vital adjunct to 
those receivers that tune only to 18 MC. Features include 
provision for four separate antennas, self contained power 
.supply, planetary tuning mechanism and many others 



VHF 152A 
TYPE S 

RME 84 

THE VERSATILE RME 84 
The RME 84 is versatile because it can 

be used for home, portable or mobile opera-
tion. It operates off 110 AC or a 6 volt 
power pack with cable attached. Optional 
equipment for the RME 84 is the RME VP2 
— power pack and the carrier level 
meter, CM- 1, both with cord and plug. 

It's an all band coverage receiver for 
phone or CW — RME's first entry into the 
lower priced communications field, and built 
to RME's rigid specifications of quality 
components and quality workmanship. Other 
Features include: 

Excellent over-all sensitivity 
All gear and planetary tuning me-
chanism 
• New loctal- tubes 
• Four tuning ranges: .54 to 44 MC 
• One preselector stage 
• Automatic noise limiter 
• Self contained shock mounted P 
speaker 
Seven tube superheterodyne 
cuit, excluding rectifier. 

Illustrated F 

r• 

DB 22A 
TYPE S 

THE VHF 152 
Utilizin the extremely effective double 

convers n system, the VHF 152 Converter 
provibl.. peak performance on 2, 6, 10 and 
11 m ers when used with any communica-

tions receiver. Wide bandspread on each 
ban , is obtained through 180 degree travel 
QV r a 7" diameter scale with accurate 

ibration. 

ANTENNA CONNECTIONS 

Provision is made for the use of four 

separate antenna connections. Thus each 

band has its own especially designed an-

tenna input circuit. Other features include 

an individual power supply, shielded output 

cable, calibrated dial, all- gear planetary 

tuning mechanism, voltage regulator, VHF 

oscillator circuits that are temperature sta-

bilized and new high gain miniature tubes. 

Ider Available For Each RME Product 

II 
FINE COMMUNICATIONS EQUIPMENT 

RADIO MEG. ENGINEERS, INC 
.9-ee"eeá- 6', tieeetteii, U . S . A . 



Butler, Missouri HENRY RADIO STORES Los Angeles 25, Calif. 

I guarantee to sell to you as cheap as you can buy any-
w here. 

COMPLETE STOCKS 

Hallicrafters, National, Hammarlund, Collins, Millen, 
Pierson, Temco, bleissner, Supreme Transmit-

ters, Meek, Gordon, Amphenol-Mims, RCA, Vibro. 
plexs, Sonar, all other amateur receivers, transmitters, 
beams, parts, etc. If it is amateur or communications 
equipment— I can supply it. 

QUICK DELIVERY 

Mail, phone, or wire your order. Shipment within four 
hours. 

EASY TERMS 

I have the world's best time sale plan because I finance 
the terms myself. I save you time and money. I cooper-
ate with you. Write for details. 

LIBERAL TRADE-IN ALLOWANCE 

Other jobbers say I allow too much. Tell me what you 
have to trade and what you want. 

TEN DAY FREE TRIAL 

Try any receiver ten days. return it for full refund if 
not satisfied. 

FREE NINETY DAY SERVICE 

1 service everything I sell free for 90 days. At a reason-
able price after 90 days. 

FREE TECHNICAL ADVICE 

and personal attention and help on your inquiries and 
problems. 

Orders from outside continental 
ILS. A. also welcomed 

"WORLD'S LARGEST DISTRIBUTORS OF SHORT WAVE RECEIVERS" 
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Four new HI( pentodes 

with higher wattage, 

higher frequency ratings 

Four new Gammatn)n pentodes, with power 

output ratings from 25 to 750 watts, and max-

imum frequency ratings from 100 to 200 Mc. 

are the most recent additions to the HK line. 

The HK-27 is a small radiation cooled 

instant-heating pentode ideal for mobile in-

stallations, operating efficiently throughout the 

VHF band. The HK•257C is similar to the 

widely used 257B, but has a higher maximum 

frequency, and lower interelectrode capaci-

tances. The two other new GaMillatIon pa1. 

todes are the HK-57 and 357C. 

You can rely on the electrical and mechani-

cal ruggedness of Gammatron tubes. Their 

reputation for endurance and long life is 

based on 20 years of amateur, emergency and 

government communication service. 

1 I ii,ei 

... 

21* 

SEND 

Communications 

54 
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HEINTZ 
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2578* 

SHEET 
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California 
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THESE 

LTD. 

.50 Drumm 

351C - 4541 

TUBES 

Street 

454N 654 8541 85411 10541 
TYPE NO. 24 24C 

MAX. POWER OUTPUT: 
Class ' C' R.F.   

90 90 50 250 250 500 400 400 1220 1220 615 615 750 900 900 1400 1800 1820 3000 

PLATE DISSIPATION, 
Watts   25 25 25 50 

751" 
50: 100 

125 I- 
100 : 

125f 
100: 300 300 150 150 250 250 250 300 450 450 750 

AVE. AMPLIFICATION 
FACTOR . .. . . 25 25 • 27 • 25 - • 10 19 14 35 . 14 30 22 14 30 13.5 

MAX. RATINGS : 
Plate Volts   
Plate M.A  
Grid M.A  

2000 
75 
25 

2000 
75 
25 

100 0 
100 
10 

3000 
150 
33 

3000 
150 
15 

4000 
225 
40 

4000 
225 
25 

4000 
225 
25 

3000 
1000 
150 

3000 
1000 
150 

4000 
300 
60 

4000 
300 
70 

5000 5000 
375 375 
20 60 

5000 
375 
85 

4000 
600 
100 

6000 
600 
80 

6000 
600 
110 

6000 
1000 
125 

MAX. FREQUENCY, Mc.: 
Pow. , 6.61 ifis, • • 200 300 200 200 200 175 200 125 175 175 50 50 150 150 150 50 125 125 100 

INTERELECTRODE CAP, 
C o-o Lo.u.f.   
C g-f u.u.f.   
C p-f u.u.f.   

1.7 
2.5 
0.4 

1.6 
1.8 
0.2 

0.035 
5.7§ 
2.9 • 

1.8 
2.1 
0.5 

0.05 
7.29* 
3.13 • 

34, 
3.3 
1.0 

0.08 
10.5* 
4.7 • 

0.04 
6.2* 
4.5 • 

9 
12 
0.8 

10.5 
14 
1.0 

3.8 
4.5 
1.1 

3.8 
4.5 
1.1 

0.08 3.4 
11.9* 4.6 
4.6 • 1.4 

3.4 
4.6 
1.4 

5.5 
6.2 
1.5 

5 
6 
0.5 

4 
8 

0.5 

5 
8 

0.8 

FILAMENT: 
Volts   
Arnperes   

6.3 
3 

6.3 
3 

6.3 
3.0 

5.0 
5 

5.0 
5.0 

5.0 
7.5 

_1.° 
'.3 

5.0 
7.5 

5.10 
26-13 

5.10 
26.13 

5 
10 

5 
10 

5.0 5 
10.0 11 

5 
11 

7.5 
15 

7.5 
12 

7.5 
12 

7.5 
21 

PHYSICAL: 
Length, Inches . .. . 
Diam•ter, Inches   
Weight, Oz.   
Bose   

•Beam Pentod•. 

4,.; 
14 
1! i 

Small 
UX 

• Beam 

414. 
11 
1!,: 

Small 
UX 

peniode 

4 
1,/s 
11/, 

Smal I 
Octal 

5)/•• 
2 
2)4 
Std. 
UX 

1 Inoue 

ei 
2% 
21/2  
#247 
John. 
son 

• 

7 
214 
6 )4 
Srd. 
50 
Watt 

n......... 

6% 
2% 

51/2 
7 

p„•, 

- 

, 

51/4  
2% 

31/2  
/7247 
John- 
,on  

._-__........ ....... .. -

7): 
335 
9 

John. 
son 

#213 

7): 
3.14 
9 

John- 
son 

#2I3 

9 
3)i 
a): 
Std. 
50 
W a tt 

9 
3L4 
6.): 
Std. 
50 
W att 

61/2  10 
31/2  31,‘ 
7 7 
sp.. Std. 
cicl 50 

W att 

10 
3L,‘ 
7 

Std. 
50 

Wort 

11:»i 
3y 
14 
Std. 
50 

Watt 

12%. 
5 
14 
Std. 
50 

Watt 

1234 
5 
14 
Std. John. 
50 

Watt 

1674 
7 
42 

son 
#214 

ph Constant key down rating 



NEW TUBES ARE NO LUXURY! 
INCREASED EFFICIENCY WITH NEW RATINGS! LONGER LIFE! 

THERE'S A DIFFERENCE, in YOUR favor when you specify the new, improved RCA Power Tubes 
Tubes account for but a small fraction of the cost of your rig, yet their efficiency and domino 
determine your operating results! NEW TUBES ARE YOUR BEST BUY! 
Newly developed materials and manufac-
turing technique contribute greatly to 

RCA's success in making fine vacuum tubes. 

The Terminal Radio Corporation is proud, 
as one of RCA's tube distributors, to offer 

these improved RCA tubes for amateur 
radio and commercial applications. 

Each and every NEW RCA tube is accom-
panied with the full written warranty of 
the Radio Corporation of America guaran-

teeing its faithful high performance. 

Cheek These ADVANTAGES: 

You get thorn ONLY when you buy NEW 
tubes (now in stock at TERMINAL). 

t" Latest design improvements 

se' Newest post-war materials 

Pe Highly uniform characteristics 

se Increased power ratings for many types 

• Manufacturer's liberal warranty 

b' Confidence in Quality - No uncertainty 
about this! 

s. 

ire NEW, IMPROVED RCA POWER TUBES - IN STOCK 
TRIODES 

800  $1 0.00 
805   11.75 
809   3.50 

810   12.50 

811   3.50 

812   3.50 

826   9.25 

830-B   10.00 

8000   13.25 

8003   11.25 

8005   7.00 

8012-A   14.00 

8025-A   9.25 

BEAM POWER 
T1. RES AND 
I'ENTODES 

2E24  $ 4.60 
2E26   3.50 
3E22   6.85 
4E27/8001   27.50 
802   4.25 
803   21.00 
804   15.00 
807   2.30 
813   14.50 
814   12.50 
815  6.25 
828 .   12.50 
829-8   14.75 
832-A   10.60 
837   4.15 

VOLTAGE 
REGULATORS 

0A2  $ 2.00 
0A3/VR75 1.20 
0C3/VR105 . 1.20 
OD3/VR150 . 1.20 

RECTIFIERS 

Mercury Vapor 
Types 

575-A  $28.00 
816   1.25 
866-A/866   1.75 
872-A/872   7.50 
5558   12.00 
5561   33.00 
8008   7.50 

RECTIFIERS 
Vacuum Types 

2X2/879  $ 1.80 

2X2-A   1.80 
2V3-G   2.75 

5R4-GY 1.30 
579-B   12.00 

878   11.00 
1616   7.50 

8013-A   9.00 

8020   20.00 

TETRODES 
4-125A/4D21 $25.00 
860   30.00 
865   10.00 

We ore also distributor for AMPEREX, EIMAC, GENERAL ELECTRIC, H-K GAMMATRONS, HTTRON, 
RAULAND VISITRONS, RAYTHEON, SYLVANIA, TAYLOR and UNITED tubes. WRITE TO US FOR 
COMPLETE PRICE LISTS AND NEW OPERATING DATA, FREE ON REQUEST. 

Ask u. for Newest Listing of RCA Radiotron Receiving Tubes - We Have Them! 
WE PAY FOR SHIPPING AND INSURANCE on all tube orders over $5.00 when accompanied with 
remittance in full. 

INA1 
RADIO CORPORATION 

Distributors of Radio ct Electronic Equipment 

pies 85 CORTLANDT STREET, NEW YORK 7, N. Y. 
PHONE: WOrth 2-4415 



IDER Radio Publications 
UNDERSTANDING MICROWAVES 

BY VICTOR J. YOUNG. For those who have not previously con-
sidered radio waves shorter than 10 centimeters Provides 
foundation for understonding various microwave developments 

of past rive years. 
CHAPTER HEADS: The Ultra High Frequency Concept; Sta-
tionary Charge and Its Field; Magnetostatics; Alternating Cur-
rent and Lumped Constants; TfOrISMiSSiOn lines; Poynting's 
Vector and Maxwells Equations; Wave- guides; Resonant Cavi-
ties. Antennas and Microwave Oscillators; Radar and Com-
munication. Section Two is devoted to descriptions of Micro-
wave Terms. Ideas and 'Theorems. Index. 400 Pages—Price 

$6.00. 

A-C CALCULATION CHARTS 
BY R. LORENZEN. Students and engineers will find this book 
invaluable. Simplifies and speeds work involving AC calcula' 
tiens. Contains 146 charts. Covers AC calculations from 10 
cycles to 1000 megacycles. 160 Pages—Price $7.50. 

INSIDE THE VACUUM TUBE 
BY JOHN F. RIDER. A new approach and technique that makes 
its message easy to understand. Here is a solid, elementary 
concept of the theory and operation of the basic types of 
vacuum tubes based on the electro static field theory. Through-
out the entire book, which covers diodes, triodes, tetrodes, and 
pentodes, the aim is to present a clear physical picture of 
exactly what is happening in a vacuum tube, inclusive of the 
development of characte r i  curves of all kinds, and asso-

ciated load lines. 
A goldmine for the student; a must for the libraries of 

servicemen, amateurs and engineers. 425 Pages— Price $4.50. 

THE CATHODE-RAY TUBE AT WORK 
BY JOHN F. RIDER. This book presents o complete explanation 
of the various types of cathode-ray tubes and what role each 
element within the device plays in making voltages and cur-
rents visible. The only book of its kind! 

This volume offers a complete and elaborate, easy to under-
stand explanation of the theory of the tube. It is this informa-
tion, with many hundreds of typical oscillograms illustrating 
practical applications, which makes this book so valuable. 

338 Pages. 450 Illustrations— Price $4.00. 

RIDER MANUALS—FOR RADIO TROUBLE SHOOTING 
Unchallenged authority in the field of radio servicing reference 
books. Containing receiver schematics, voltage data, alignment 
data, resistance values, chassis layouts and wiring and trimmer 
connection material they aid in quick location of faults in ailing 
receivers. Sixteen volumes cover all important American made 
receivers issued from 1920 to early months of 1947 inclusive. 
VOLUME XVI ( including "HOW IT WORKS" Book)   6.60 
VOLUME XV ( including 181 pg. "HOW IT WORKS" Book) 18.00 
VOLUME XIV to VII. Each volume   15.00 
VOLUME VI   11.00 
ABRIDGED VOLUMES Ito V ( I volume)   17.50 
RECORD CHANGERS and RECORDERS   9.00 

AN HOUR A DAY WITH RIDER SERIES 

D.C. VOLTAGE DISTRIBUTION IN RADIO RECEIVERS—The appli-
cations of Ohm's law, practically interpreted in terms of how cir-
cuits are employed in radio receivers. 

ALTERNATING CURRENTS IN RADIO RECEIVERS—An exposition 
on fundamentals of alternating currents and voltages and where 
they appear in receiving system. 

RESONANCE AND ALIGNMENT—The importance of the subject in 
relation to all communication systems, and the clarity of this text 
have produced a sole of over 50,000 of this title. 

AUTOMATIC VOLUME CONTROL—An easy to understand explano' 
tion of how avc is utilized in zaclio receivers. 

96 PAGES EACH (ILLUSTRATED) — $ 1.25 EACH 

FOR PUBLICATION 

IN WINTER OF 1947-48 

F-M Transmission and Reception 

Broadcast Operator's Handbook 

The Signal Generator at Work 

R-F and I-F Selectivity 

Understanding Low Power Transmitters 

Adjusting Transmitters with Oscilloscope 

Installing and Servicing Low- Power P-A Systems 

Understanding Vectors and Phase in Radio Work 

Watch for Publication Dotes 

FREQUENCY MODULATION 
One of the most talked-of developments in radio field; 
details of F•M receiver maintenance and how it differs 
from A.M. 136 Pages-81 Illustrations-520e 

SERVICING BY SIGNAL TRACING 
Explains approved system of diagnosing faults in rodio 
receivers and all kinds of communication systems. The 
method was introduced by the author of the book, 
John F. Rider. The system has won endorsement by in-
dividuals and associations the world over as well as 
technical branches of our government. 360 Pages- 188 
Illustrations-54.00. Spanish edition-54.0o. 

VACUUM TUBE VOLTMETERS 
Explains the theory upon which the functioning of the 
different types of v-t voltmeters is based, and also 
the practical applications of these instruments. Includes 
a bibliography consisting of 145 international refer-
ences. 180 Pages- 111 Illustrations-52.50. 

THE METER AT WORK 
How each type of meter works and how each is used 
in the field to best advantage. Covers whichever phase 
of the subject the reader is interested in. 152 Pages-
138 Illustrations—S2.00. 

THE OSCILLATOR AT WORK 
Shows how various oscillator circuits function and 
methods to improve their performance. Also describes 
the r-f and a.f oscillators used as signal sources. Covers 
laboratory test methods, and other related tests. 256 
Pages- 167 I Ilustrotions—$2.50. 

SERVICING RECEIVERS BY MEANS OF 
RESISTANCE MEASUREMENT 

Discusses series and parallel combinations of resist-
ances and the distribution of currents and voltages, 
providing the basis underlying the circuit arrange-
ments used in various types of radio receivers. Also 
discusses application of resistance measurement to 
rodio servicing. 203 Poges—SPI Illustrations-52.00. 

AUTOMATIC FREQUENCY CONTROL SYSTEMS 
The basic operation of the discriminator and Automatic 
Frequency control circuits is explained in great detail 
in the first port of the book. Descriptions of systems 
used in commercial receivers are fully described in the 
second Port. 144 Paqes-102 Illustrations'—$ 1.75. 

ALIGNING PHILCO RECEIVERS 
I.F. peaks—adjustment frequencies—trimmer and pod. 
der locations—complete and detailed information for 
aligning every Philco model from 1929 to 1941. Covers 

VOL. 1-1929 to 1936-176 Pages ........................ 52.00 
7,000,000 Receivers. 

VOL. 11-1937 to 1941-200 Pages ........................ 2.00 

RADAR 
A non•technical explanation of the operating princ-
iples of Radar. 72 Pages—Unique Illustrations— Si 00. 

,JOHN F. RIDER PUBLISHER, INC. 
404 FOURTH AVENUE, NEW YORK 16, N. Y. 

E XPORT AGENT: ROCKE INTERNATIONAL CORP, I! East ,101h Sheet, New Ynrk 16, N Y Coble ARLAB 

Publishers Exclusively for the Radio and Electronic Industry 

SEND FOR 

LATEST CATALOG 



PHASE ODUL A TIONt 
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USING THE'EXCLUSIVE SONAR 

32 years of unsurpassed achievements in 
designing, engineering, manu ac ng and mass production of radio equipment. 
This is the heredity of Sonar Rad • Corp., and the development of the exclusive 
Sonar Phase Modulation circuit, us in all Sonar equipment was the result of this 
heredity. Being the first to disco the many potentialities of NBFM for ham 
use (eliminating shock excitation BCI, the most common when using AM) Sonar 
has put its experience to work, not only in developing the NBFM units but in 
keeping the price of the product within the range of all. 

Sonar has also made it possible for the radio amateur 
post war era, to modulate a KW rig for the same small price 
modulate a 100 watt rig. 

Stability is the essence of any ham rig and Sonar has made frequency 
stability the keynote in their units, making it as kixcellent as the xtal or VFO 
used because the phase modulation is completely independent of the oscillator. 
For vital data on phase modulation versus reactance modulation read page 21 
in the July issue of QST, 1947. 

in this expensive 
that it costs to 

Sonar has pioneered the field of t•184.1 and will continue to do so, an-
nouncing their new achievements in their monthly advertisemed*, For quality, 
price and craftsmanship to keep your station modern insist and get SONAR — 
the leader. 

in Conoclo on 27.395 to 27.455 Mc, 29.5 to 29.7 Me. 

Sono r Reoretenrotives in Conocla—EnnnUs Agencies, Al-
ber,o — Meostefe,ent Enowleeeing. Ltd., Tofomo. 

SEE THEM AT YOUR DEALERS 

SEE '.%•••-•••.•*.  SONAR 
YOUR RADIO 
DEAIER CORP OR RADIO 

WRITE US BKLYN 

otaicl NEW yó;1( 

NARROW BAND FM' 



QUIPMENT FOR THE HAM 
THE XE-10, first of the SONAR products, was 

designed to give the Horn a modulation unit for his 
complete AM rig. The XE-10 will convert any CW 
rig (regardless of power) to NBFM. Your VFO can 

be used to regulate the frequency input to the XE 10 
or the xtal can be inserted directly into the XE-10. 

THE VFX Gfin was designed to meet the de-
mands for a stable VFO-xtal exciter and also in-
corporates the exclusive SONAR NBFM circuit giving 
a complete 4 to 6 watt all band exciter, with NBFM 
phone and /or straight CW. The VFX 680 also has 
VFX (ruberizes any cut xtal) giving xtal stability 

with a variable signal. An ideal " pre-stage" for that 

new rig. 

THE MB-611 is another SONAR product in-

corporating NBFM, designed for mobile or fixed 
operation, on 6 to 11 mtrs-40 watts input with a 
pi-network to match any antenna. Further details 

on this xmitter and other new SONAR developments 
will be found in future advertisements. The engi-
neering staff at SONAR has many new designs 
including low, medium, and high power xmitters. 

THE C.F.C. Sonar's new Calibrated Frequency 

Control has a Direct All-Band, calibrated VFO; 
a finger-tip controlled 5" dial plainly marked 
for all bands 80, 40, 20, 15, 11, 10; a built-in 
1000 kc frequency standard; calibrated against 
WWV; CW keying and built-in CW monitor with 
5 watt output; provisions for remote control, the 
C.F.C. can be linked to any type xmitter. The C.F.C. 
is furnished complete with tubes, regulated power 

supply and a 1000 kc crystal. 

THE SRT 75 is a new complete allband 

xmitter for NBFM and CW operation. This xmitter 
will deliver a minimum output of 50 watts to any 
type antenna or load impedance. The SRT 75 
employs the VFX 680 link coupled to the new 

AMP 50 amplifier which uses a 2E22 in the final. 
The SRT 75 is designed for table top use as a 
final or to push the HP final. The AMP 50 and 

the PS 50 (power supply for AMP 50) are avail-
able separately for the present users of the VFX 

680 at your dealers 
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If you see it advertised we have it—at Nationally Advertised Net 

Prices! As one of America's Leading Radio Parts Houses we stock 

Accessories and Equipment for Amateurs, Broadcasting Stations, 

Schools, Institutions, Recording Studios, Industrials, Theatres, Serv-

icemen and Experimenters. 

efeerwith the eFerIN "HAM" RADIO 

CAMERADIO CO. 
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Specifications 

The New Model 670 

SUPER-METER 
A Combination 

VOLT-OHM MILLIAMMETER 

plus CAPACITY REACTANCE 

INDUCTANCE und 

DECIBEL MEASUREMENTS 

Added Feature 

The Model 670 includes a special GOOD-

BAD scale for checking the quality of 

electrolytic condensers at a test potential 

of 150 Volts. 

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 electrolytics) 

REACTANCE: 700 to 27,000 Ohms 13,000 Ohms to 3 Megohms 

INDUCTANCE: 1.75 to 70 Henries 35 to 8,000 Henries 

DECIBELS: — 10 to + 18 + 10 to +38 + 30 to + 58 

The Model 670 comes housed in 

a rugged, crackle-finished steel 
cabinet complete with test leads 
and operating instructions. Size 

51/2 " x 7½"x 3". 

$2849 
SUPERIOR INSTRUMENTS CO. 

Dept. H 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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Here is a Versatile Transmitter that was 

Definitely Designed to Please the Amateur 

TISTED at the right are some of the more salient 
features embodied in the ST- 202-A. For 

complete details see your Stancor distributor or 

write direct for a descriptive bulletin. 

Amateur net price of ST-202-A Complete 

Transmitter Kit, less accessories . . . . '9280 

en, 

STANCOR QUALITY TRANSFORMERS 
The amateurs' acceptance of Stan-
cor transformers results from the 
consistent maintenance of high 
standards of engineering, quality 
materials and precision manufac-

turing. Be familiar with 
our complete line of 
transformers and reac-
tors by having a Stancor 
catalog for reference. 

SEE YOUR STANCOR DISTRIBUTOR OR WRITE 
DIRECT FOR A COMPLETE CATALOG 

ST- 202-A 
7e4ceeteeteetet 

e 

featuring . . . 
• 100-125 WATTS INPUT TO 

FINAL AMPLIFIER. 

• COVERS ALL AMATEUR 

BANDS BETWEEN 3.5 AND 

30 MCS. 

• THREE STAGE R. F. CIRCUIT. 

• BAND SWITCHING OF EX-

CITER STAGES. 

• ONLY TWO TUNING CON-

TROLS (EXCITER AND AM-

PLIFIER). 

• SELECTION OF SIX CRYSTAL 

POSITIONS. 

• ADJUSTABLE LINK OUTPUT 

CIRCUIT. 

• TWO SEPARATE POWER SUP-

PLIES INCLUDED. 

• EASE OF CONSTRUCTION 

(CABLED WIRING HARNESS 

SUPPLIED). 

• SMALL SIZE- APPROXI-

MATELY 14" x 13" x 9". 

• PROVISIONS FOR USE WITH 

AM OR FM MODULATOR. 

• PRICED RIGHT. 

STANDARD TRANSFORMER CORPORATION 
ELSTON, KEDZIE AND ADDISON CHICAGO 18, ILLINOIS 
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HARVEY'S h d _le.sah_aqinuarters 

Sonny got started right. Dad has been a Harvey customer 

since 1927, though he lives miles from New York. When 

Sonny got his ticket Dad told him to get his gear from Harvey's 

because he'd get the best, the quickest service, and 

friendly help and advice on his problems. Dad knows 

that Harvey's staff is made up of hams who know the 

ham's problems and can usually come up with a 

solution. If you live in or near New York, this friendly 

service is more direct but it can't be more personal. 

HARVEY'S HAMFESTIVAL OF VALUES 

HARVEY'S HIT OF THE MONTH 
Watch this space in our QST ad each 

month. In it you'll find bargains in items 

you can really use. 

You'll find Harvey's ad each month in OST and 
in this space you'll see offerings of unusual 
value in addition to the staples of ham radio. 
Harvey carries large stocks of components in-

cluding meters, crystals, transmitting tubes and 

test equipment along with the complete units 
including all the popular receivers, transmit-
ters, frequency meters and other things that 

add up to a complete ham station. 

W2D10 

W2FXB 

W21.11. 

W2KWY 

W2I.JA 

Harvey's reputation for reliability has been 
growing ever since 1927 and you ccrn be sure 
of the some prompt, courteous attention if 
you order by moil, wire, or phone as if you 

could call and place your order in person. 
By the way, if you get near Times Square, 
we're only a block away, so drop in and 

see us. 

Telephone — 1 1 LOngacre 3-1800 

:; N 
F r 

;;;\ 010 c),(,);,p?:\;Iy IIc 
103 West 43rd St., New York 18, N. Y. 

Get your name on our 
mailing list Send us a 
postcard or letter, stating 
whether you are amateur, 
serviceman 01 engineer. 
We'll keep you posted on 
merchandise available, 
new equipment and spe-
cial Harvey bargains. 
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LARGE or SMALL 

SOLAR CAPACITORS TYPIFY 

"QUALITY ABOVE ALL" 

Whether you need mica, paper or electrolytic capacitors 

for the rig you're building or for replacement in present 

equipment, Solar's complete line is tops to choose from. 

Built to rigid specifications, and to stand-up under 

the most severe service and operating conditions, 

Solar capacitors are the obvious choice for dependability. 

) CAPACITOR SALES CORP. 
1445 HUDSON BLVD. 

Get the Solar catalog for your shack today. 
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Since 1923 — pioneers in the design 
and manufacture of Wires—Cables 
—Plastic and Push-back Hook-up 
Wires—Radio Hardware—Shielded 
Microphone Cable and S. J. Cable 
—also Ceramics, Porcelain and 
Steatite Insulators—Antennas, etc. 

Specify and use "BIRNBACH" 
Products — an old, reliable name in 
the Radio-Electronic Industry. 
Complete stock at you: Dealer. 
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IT'S WALTER ASHE FOR ALL THE LATEST 
AND THE BEST IN RADIO AND ELECTRONICS 

.:-) VI A  .. .' 

, 

ALL THE BIG NAME BRANDS 

OF AMATEUR SHORT WAVE 

RECEIVERS and 
TRANSMITTERS 
Choose your favorite new receiver, trans-

mitter or related apparatus from Walter 

Ashes ample and varied stocks. Prices are 

right. Deliveries are prompt. 

"Ahead of the Parade". 

SERVICE... FACILITIES 
...VALUES. 

SEE 

¡HALTER " HE - yOU 
elgr.0 igAl 

11111114700E! 

• 

Walter Ashe Radio 

Co. has long been recognized as the reliable 

source for a complete line of dependable 

radio and electronics equipment for every 

conceivable purpose. Amateurs in this country 

and abroad have learned to depend on 

Walter Ashe for prompt and efficient handling 

of their every requirement. 

INTERNATIONAL DISTRIBUTORS DISTRIBUTORS OF A COMPLETE 
LINE OF HAM GEAR...TEST EQUIPMENT... 

COMPONENTS .. -..SUPPLIES 

Established 1922 

Ceetege A new, biggtw, be""' 
Walter Mite Catalog 

will be available soon! For priority delivery 
of your free copy get your nome on our 
mailing list now. 

REMEMBER ... Your Trade-In's Worth More at 

The Wolter Ashe Store 

"SURPRISE 

led 

TRADE- IN 

ALLOWANCES ... Your receiver 

may be worth far more than you think! Yes, 

the "Surprise" trade-in allowances offered by 

Walter Ashe on your used equipment are 

truly the sensation of the industry. Act now. 

Get your trade-in deal working today. Simply 

write wire or phone us what you have to 

trade. Well take it from there 

A COMPLETE STOCK 

OF UP - TO - THE - MINUTE 

EQUIPMENT and COMPONENT PARTS 
Our really complete stock of parts is our pride and 

joy. However, you'll never find us making wild un-

founded claims that we stocleiteery last part that 

was ever manufactured. Long ago we cast out 

obsolete items to make way for the kind of merchan-

dise your orders indicate you want. Of this you can 

be sure ... if you see the item in our catalog 

you'll find it in our stock. And that's a promise. 

HASH IT OVER WITH ASHE 
Perplexed about what power or modulation transformer to use ... what bleeder 
resistor you need ? Hash over your problems with Walter Ashe. Your fellow amateurs 
here have been carefully trained and are thoroughly qualified to assist you. You 
can send your order right on in to us with full assurance that sound judgment born 
of our 25 years' experience will provide the practical solution. 

WilJWD • W01 .1.1I • WOWTM • W9NRF • WiliVID • LL'OPGI • WilQDF 

lit a 
1125 PINE ST.. ST. LOUIS, MO. 
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THE FAVORITE KEY OF GOOD OPERATORS THE WORLD OVER 

THE EASIEST WAY 
OF SENDING 

EVER DEVISED 

"ORIGINAL" 

DELUXE MODEL 

WITH PATENTED 

JEWEL MOVEMENT 

Represents the greatest im-
provement in keys since the 
advent of the BUG type key. 
Eliminates firesome hand-send-
ing. Transmits strong, clear sig-
nals at all speeds. Beautifully 
built. Polished chromium parts 
and base. DIE CUT contacts 
and main spring. JEWEL move-
ment. Colorful red switch knob, 
finger and thumb piece. 3/16th 
contacts. Circuit closer, cord 
and wedge. $19.50. Standard 
finish with polished chromium 
parts and black base. $15.95. 

"BLUE RAGER" VIBROPLEX is a smaller 
model patterned after the "Original" and with 
the same sending efficiency for which that key 
is internationally famous. Standard finish with 
polished chromium parts and black base. 
$15.95. Also available in deluxe finish with the 
same deluxe features described above, $19.50. 

"LIGHTNING BUG" VIBROPLEX has 
many advanced and exclusive features which 
add greatly to its sending efficiency and ease of 
operation. Widely used on land, sea and in the 
air. Standard finish with polished chromium 
parts and black base, $13.95. Also available in 
deluxe finish with the same deluxe features as 
the "Original" model. $17.50. 

GENUINE EASY-WORKING 

VIBROPLE 
Reg. Trade Marks: Vibropleg, Lightning Bug, Bug 

VIBROPLEX js the favorite key of good operators the 

world over, because it is best suited to all operating condi-

tions, dependable and so easy to use. These built-in Vibro-

plex qualities are all-important wherever good sending is 

essential, and are equally valuable in the development of a 
good sending ' fist.' No special skill required. No tiresome 

effort is involved. SIMPLY PRESS LEVER — VIBRO-

PLEX DOES THE REST. 

"CHAMPION" VIBROPLEX 
is a full size, efficient key 
for radio use only. Sim-
ilar to the "Lightning 
Bug" model and an 
ideal key for the begin-
ner. Chrome finished 
parts and black base. 
$9.95 

Every Vibroplex key is scientifically designed, precision 

machined and improved in every possible detail. No matter 

which Vibroplex key you choose you can be assured of the 

utmost in ease of operation and all around sending satisfac-

tion. Remit by money order or registered mail. FREE 

illustrated catalog. 

VIBROPLEX 
CARRYING CASE 
Plush-lined, finished 
in handsome simu-
lated black morocco. 
Reinforced corners. 
Flexible leather han-
dle. Lock and key. 
Protects key from 
duet, dirt and mois-
ture. Insures safe 
keeping when not in 
use. $5.50. 

The " BUG " 
Trade Mark 
identifies the 
Genuine vibro-
plea key. 

It's your guar-
anty of corn-
plete satisfac-
tion. Accept no 
substitute. 

THE VIBROPLEX CO., Inc. 
833 Broadway New York 3, N. Y. 

W. W. Albright, President 
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THERE ARE THREE GRADES OF IRONS 

GREEN LABEL 

For intermittent duty use. Fill 
all of the requirements of 
the amateur and the home 
craftsman. 

No. 413  List $ 1.93 

4:t=1.11111118 
1/4 " tip 55 watts 

No. 416 List $2.93 

1/4 " tip 60 watts 

No. 417 list $3.95 

=3:3=14211111111•1 
3/6" tip 100 watts 

No. 418  List $4.93 

<=temzeinemul 
1/4 " tip 130 watts 

Thermostatic 

temperature 

control stand 

No. 5 to 1" dia. tip. 

No. 6 to 1 dia. 

List price $ 6.30 

ORANGE LABEL 

For the professional me-
chanic. For light or heavy 
soldering where an iron must 
withstand operation for 
eight hour periods or more, 
on frequent occasions. 

No. 62 List $3.93 

---10111» 
1/4 " tip 60 watts 

No. 63 List $4.93 

1/4 " tip 100 watts 

No. 64 List $3.93 

.em====14011.1 
1/4 " tip 130 watts 

No. 65 List $6.93 

c=mzee=telim 
1/4 " tip 200 watts 

No. 67 List $7.93 

7/s" tip 300 watts 

No. 69 List $8.95 

===SEilime 
11/4 " tip 500 watts 

RED LABEL 

For production line continu-
ous operation. These irons 
are of the most rugged 
construction. 

No. 38 List $5.95 

•=====e1101111. 
1/4 " tip 100 watts 

No. 38 List $7.93 

ei====101111, 
1/4 " tip 200 watts 

No. 78 List $8.95 

====lems 
1/4 " tip 300 watts 

No. 98 List $9.93 

6=1=teleme 
11/4 " tip 550 watts 

SOLDER POTS 

No. 12-1 1/2 " D $4.30 

No. 36-21/2 '' D $5.50 

No. 60-31/2 " D $6.30 

ELECTRIC SOLDERING IRON CO., INC. 
2548 West Elm Street • Den River. Connecticut 



UNIVERSAL MICROPHONES 

ready to help you pin the meter! 

As America's oldest independent manufac-

turer of microphones, the Universal Micro-

phone Company has always been at the 

service of radio amateurs everywhere. You 

were our first customers "away back when," 

and we are ready, now and in the future, to 

help you make your rig pin the meter with a 

Universal Microphone! 

NEW D20 SERIES DYNAMIC MICROPHONES 

This postwar model is especially suited for recording, public 
address, transmitters, or wherever a full-ranged dynamic micro-
phone is desired. It combines modern appearance and rugged 
stability. The built-in cable connection is easily accessible 
without interference with the microphone, and "stand and 
cord" noises are minimized because the internal element is 
mechanically isolated. The D20 Dynamic Microphone is 
designed for indoor and outdoor use with a frequency range 
of 50 to 8000 cycles. Its special "Micro-Adjust Swivel" assures 
smooth, easy adjustment and steady, positive positioning any-
where throughout a 60° angle. Finished in satin chrome. 
Complete with 25' low loss cable and detachable connector. 
Available in models of 50, 200, 500, and 40,000 Ohms. An 
exceptional value at only $3230. 

A HOME RECORDING HEAD OF PROFESSIONAL QUALITY! 

Universal's design and engineering skill, long experi-
enced in the manufacture of precision studio recorders, 
has produced this superior home recording head. It 
outperforms similar recording heads of magnetic design 
since it purposely accentuates the high frequency range 
in amount and degree to compensate for high frequency 
losses common to home recording records and phono-
graph circuits. This assures a "sparkling" tone quality. 
Its sensitivity and impedance are keyed to match stand-
ard home recorders, thus eliminating special adjustments. 
Finished in deep brown enamel. Complete with solder 
terminals, spring tempered phosphor bronze knife edge, 
steel attachment plate, mounting screws and long styli 
set screw. Only $ 1130. 

"KC," DYNAMIC MICROPHONE 

I 16. ,,,...-0, This popular low-cost microphone 
w . now is available in a new and itn-

i›,....aimir, proved design. Excellent for home 
recoMing, amateur applications. Com-
plete with 10 ft. rubber covered 
(able. Impedance 40,000 Ohms. Only 

061 CONSTANT VELOCITY FREQUENCY RECORD 
Here's a handy tool for direct checking of re• 
sponse characteristics of, phonograph pick-ups. 
Also for indirect checking of recording heads, 

YOUR LOCAL RADIO 

A132 RECORDING HEAD 

loud speakers, loud speaker installa-
tions, theater sound equipment, public 
address equipment and audio fre-
quency equipment. Complete with 
data sheet. Only $3.00 each. 

OTHER UNIVERSAL MODELS ARE AVAILABLE, including 

dynamic, velocity, and carbon in standard, hand, com-

munications and cartridge types. For a complete catalog 

on these as well os Universal Recording Components, 

see your radio parts distributor or write direct to us. 

PARTS DISTRIBUTOR CARRIES UNIVERSAL PRODUCTS 

UNIVERSAL MICROPHONE CO. 
Inglewood, Californio 

bpoel Di.ision. 301 Clay Street, San Francisco II, California. Canadian Division, 560 King Street West, Toronto 2, Ontario, Canada 



MAKE THE MOST OF YOUR &Vim Pawa 
VOLT-OHM-MILLIAMMETER 

MODEL 666-HH 

A precision-made marvel of compact-
ness that provides a complete minia-
ture laboratory for voltage resistance, 
and direct current analyses. 

RANGES 
D.C. VoItse 0-10- 50-250-1000-5000 

at 1000 ohms.Volt. 
A.C. Volts: P-10-50-250-1000-
5000 at 1000 ohms-Volt. 

D.C. Milliamperes: 0-10-100-.500 at 
250 Millivolts. 

OHMS: 0-2000-400,000. 

In a Flew, streamlined molded case, 
completely insulated, Model 666-
HH n the tester of a thousand uses. 

* * * 

A COMPLETE LINE OF METERS 

Triplett panel and portable meters ore 
available in more than 26 case styles— 

round, square, and fan-2" to 7" sizes. 

Included are voltmeters, ammeters, milli-
ammeters, millivoltmeters, microammeters, 

thermoammeters, DB meters, VU meters 

and electrodynamometer type instruments. 

Triplett 
118 

. . . WITH MODEL 3296 

With Model 3296 you can modulate to the fullest, for 

top power output, yet you know at once when you are 

0 ver- modulating. Four separate circuits measure 

amplitude modulation—( 1) percent modulation, aver-

age; ( 2) peak flash percent modulation; (3) carrier 
shift; and (4) audio output for headphones. These may 

be used separately, all at once, or in any combination. 

Peak indicator can be pre-set for any 
percent of modulation from 20 to 120, 

to flash when pre-determined modulation 

is reached. 

* * * 

ABSORPTION FREQUENCY 
METER • Model 3256 

A band-switching, tuned absorption type 
frequency meter that covers five ama-
teur bands. Has new germanian crystal 
and a DC Milliammeter indicator for 
greater sensitivity. Direct calibration on 
panel—no coils to change, Switching 
permits instantaneous band change, 
Audio jack provides for monitoring of 
phone signals—another new feature. 
Fully shielded. Calibration is in meg-
acycles in following bands: 3.5-4 
MC; 7-7.3 MC; 14-14.4 MC; 20-21.5 
MC; 28-30 MC. 

Address all inquiries to Dept. AH847 

ELECTRICAL INSTRUMENT COMPANY 
BLUFFTON, OHIO 



TURN TO MICROPHONES BY TURNER 

ieet SOUND PERFORMANCE 

FAMOUS TURNER 22X— 
Engineered for smooth response to both voice and music pickups. Output sharp 
and clear. 22X Crystal has built-in wind-gag permitting outdoor operation. 
Crystal protected against humidity and changes in barometric pressure. Level: 
52db below 1 volt/dyne/sq.cm. Response: 5db from 50-9000 c.p.s 
22D Dynamic has high level dynamic circuit. Dependable indoors or out. 
Level: 54db below 1 volt/dyne/sq.cm. at high impedance. Response: 5db 
from 50-9000 c.p.s. Available in 50, 200, 500 ohms or high impedance. 
22X and 22D are equipped with 90° tilting head and 7 ft. removable cable 

set. Satin chrome finish. 

Models 22X, 220, 33X, 33D, and 20X available with slide, 
on-off switch at extra cost 

MODEL 211 Dynamic 
The ultimate in dynamic microphone performance. 
Engineered for highest quality recording, public 
address, sound system and amateur work. Util-
izes new type magnet structure and acoustic 
network. Specially designed diaphragm results 
in unusually low harmonic and phase distortion. 
High effective output level: 54db below 1 volt/ 
dyne/sq.cm. at high impedance. Response: 
.5db from 30-10,000 c.p.s. Available in all 
standard impedances with 90° tilting head and 
20 ft. 2-conductor removable cable set. 

Rugged 
TURNER 33X-33D 

An all-purpose unit combining high output with 
smooth response over a wide frequency range. 
Full satin chrome finished case adds distinction 
to any rig. Equipped with 90° tilting head and 
20 ft. removable cable set. 33X Crystal has 
high quality humidity protected crystal. Level: 
52db below 1 volt/dyne/sq.cm. Response: 
.5db from 50-9000 c.p.s. 33D Dynamic 
has heavy duty dynamic cartridge. Takes 
rougher handling and bad climatic conditions. 
Level: 54db below 1 volt/dyne/sq.cm at high 
impedance. Response: . 5db from 30-9000 
c.p.s. Available in 50, 200, 500 ohms, or high 
impedance. 

NEW MODEL 20X 
Crystal Hand Mike 

High in performance, low in cost—this new hand 
microphone offers unusual response character-
istics. The Turner 20X features a Metalseal 
crystal which withstands humidity conditions not 
tolerated by the ordinary crystal. Circuit de-
sign results in high effective output and ideal 
response for amateur communications. Light in 
w eight—natural to hold and use. Finished in 
rich baked brown enamel. Level: 54db below I 
volt/dyne/sq.cm. Response: 5db from 
50-7000 c.p.s. 

Write for Complete Catalog 

TURNER 99 Dynamic 
The most rugged microphone in the entire 
Turner line. Engineered and built for the dis-
criminating user who wants top efficiency and 
dependability. Withstands severest climate 
and temperature changes. Semi- or non-
directional operation. Professional gun-metal 
finish. Level: 52 db below 1 volt/dyne/sq.cm. 
at high impedance. Response: . 5db from 
40-9000 c.p.s. In 50, 200, 500 ohms, or high 
impedance. Complete with 20 ft. removable 
cable set. Also available as model 999 with 
Balanced Line features for critical appli-
cations. 

MODEL VT-73 

CRYSTAL DESK MICROPHONE. A 

world wide favorite with amateurs 

for crisp clear reports. Highest qual-

ity moisture sealed crystal is used 
in a specially engineered circuit. 

Rising curvature of response be-

tween 500-4000 c.o.s. increases in-

telligibility at effective voice fre-

quencies without over-modulation. 

Head is adjustable through 60". 

Finished in rich black crinkle and 

chrome. Complete with ball swivel 

head, stand, and 7 ft. attached 

cable. Level: 52db below 1 volt/ 

dyne/sq.cm. Response: . 5db from 

50-7000 c.p.s. 

Licensed under U. S. patents of the American Telephone and 
Telegraph Company, and Western Electric Company Incorpor-
ated. Crystals licensed under patents of the Brush Development 
Co. 

THE TURNER CO. 
CEDAR RAPIDS, IOWA 
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eoeuftane eitede 

éreateieed. • • 

Simplest " rig" to instaW'érnd operate. 0th. 
tient with either„,..Baleiiieed or unbalanced 
transmission line,4.1...:60 to 600 ohm charao• 
teristic surge ininnideince. 

Highly stable Varlablefie.quency0scinaior 
followed by slug-turteebuter and doubler 
stages ganged foi:osellliator dial. Simplifies 
working througWnirrere..QRM. Beadily es-
tablishes and hortileci.e.. 

A sin-bond iob II 15. 20. 40 and 80 
meters, for CW,.lie.WI AM and FM Phone. 

Narrow. medium Or .*Iiie.band FM trans. 
mission obtreinecli iiiiiiiusting same volume 
control that caterindt. level for amplitude 
modulation! 

Because of 1CW leatuWit maintains OSO, 
under severest cend.iffi5ns of QAM and QIINI 
Peak power approximately tour 
times average dirirrier level ICW output 
fully 200 watts, 

• 

.Each Ar-too subjected' to four-hour locked. 

.ey equ.re,..V4.1011% modulated heat run 
before !having Winne Same lile test as for 
U S. Signal Corixn:iiequipmentl 

Complete with all tubes and coils. 
$550.00. 

means 

&mot 2uedie# 
M the Soetswee Model AF-100 

Transmitter 

le This six-band 109-watt desk-type transmitter 
is one of the most versatile "ham rigs" yet 

offered. Embodies everything the "ham" has 
sought and longed for. Also, it's the first transmitter 
offered to amateurs which has the very latest fea-
ture of Frequency Modulation in the 80, 20, 11 
and 10 meter bands. Continuously tunable through-
out each amateur band! Definitely, it's built for the 
present and the future. 

Typically "Supreme", embodying superlative en-
gineering and craftsmanship which are also avail-
able in AF and FM broadcast, in television, in po-
lice, marine, aircraft, remote-relay and other types 
of Supreme commercial quality transmitters. 

* Specify "Supreme!" Whatever your wants — "ham" or 
-professional", insist on a -Supreme" job. Standard types available 
for many functions. Unusual needs met with special designs and 
built-to-order equipment. Let us quote on your requirements. 

Jerr TRANSMITTER CORPORATION 
Mono facturers of Communications Equipment 
280 Ninth Avenue • New York City 1. N. Y. • Wisconsin 7-6413 
Export Division: The Radelma Company. 53 Park Place. N.Y.C. 
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romPtErElY •.$70enleD 
TO SUPPLY • HAMS e SERVICEMEN • ENI:INE1ERS 

NATIONAL HRO-7 

NATIONAL NC 173 

SONAR CFC 

RME VHF 152A 

RME DB 22 R 

MILLEN R-9er 

MAIL ORDERS 

FILLED IN 

FOUR HOURS 

1
15 YEARS OF UNPARALLELED SERVICE 
10 THE INDIVIDUAL RADIOMAN. PARTS 

SUPPLIES INFORMATION, OUR HAM 
DEPARTMENT IS EVER READY TO SERVE 
YOU PROMPTLY, COMPLETELY, COURTE-

OUSLY, WITH ANY OF THE FOLLOWING. 

ADVANCE 
MALLORY 

MARION 

ALTEC-LANSING MEISSNER 
AMPHENOL MALLORY 

MILLEN 

ASTATIC MILLER 

BAT: MUELLER 

NATIONAL 

BIRNBACH OHMITE 

BLILEY PRECISION 

turnwNING PRFMAX 

RUSH RADIART 

BUD RCA 

BURGESS RME 

CARDWELL SANGAMO 

CINAUDAGRAPH !HURE 

CORNELL-00810ER SIMPSON 

DRAKE SONAR 

DUMONT STANCOR 

IMAC SPEED-X 

ELECTRO VOICE SUPREME 

HALLICRAFTERS TAYLOR 

HAMMARLUND THORDARSON 

HEINTZ & KAUFMANN TRIMM 

HYTRON TRIPLETT 

ICA TURNER 

IRC UNITED ELE 

JACKSON UTC 

JENSON UTAH 

JOHNSON VIBROPLEX 

JONES WARD- LEONARD 

KENYON 

HAMMARLUND HQ 1 29X 

HAMMARLUND FOUR 20 

NATIONAL NC 2-40D 

_010 

NATIONAL NC 46 

SONAR VFX 680 

HF XMTR. WORKSHOP ASSOilwer MILLEN 

RF W2MEI W2MYY W2 

VISIT THEM 

AT 

-', 111111114 

WRITE FOR OUR LIBERAL 

TRADE-IN ALLOWANCE 

AND EASY PAYMENT PLAN 

ARROW ELECTRONICS, IN 
HAM DEPT., 82 CORTLANDT ST., N.Y. 7, N.Y. 

C. 



Learn how you can cut costs at every step with 

Merit Transformers. Built specifically to meet your 

needs for practical as well as technical engineer-

ing. You can depend on top quality in every Merit 

product. Ask your dealer. 

New complete catalogs will be avail-
able early in 1948. Send this coupon 
now to reserve your free copy. 

MERIT COIL & TRANSFORMER CORP. 
4427 North Clark St. 

TELEPHONE 

Long Beach 6311 CHICAGO 40, ILL. 

I. 

Please reserve my free copy of the 
MERIT 1948 CATALOG. 

Name  s. 

Address 

ERIT COIL AND TRANSFORMER CORP. 
F 
• 

--r 

111.1e 

MEM,CO,AND 

r -1 r71-
• ; — 

122 



WORKSHOP 
BROAD-BAND ANTENNAS 
and ACCESSORY EQUIPMENT 

ta ,rt I our Dealer 

2-METER BEAM ANTENNA — Model E146AB 
A highly efficient 6-element array with two driven elements. The 

power gain is n (7 it db.) The antenna is matched to give maximum 
efficiency when coupled with 50 ohm coaxial line. Price 821.50. 

6-METER BEAM ANTENNA — Model #62A11 
A high-gain, 3-clement, directional antenna to be used with Workshop 

rotating mast equipment. All necessary bolts, connector assembly, and 
fittings are supplied. Price no, 

10-METER DIPOLE ANTENNA — Model #29AD 
This Workshop antenna is designed to cover the spectrum from 27 mc. 

to 30 mc. The construction is heavy enough to withstand high winds. 
Standard low-loss coaxial cable such as RG-8U- RG-11U, and others 
in this series, is recommended. Price  
10-METER DIPOLE-TO-BEAM CONVERSION KIT — Model #291 
This kit of accessories converts the 10-Meter Dipole Model #29AD 

to a 3-element 10-meter beam antenna. Price $31.50. 

10-METER COMPLETE 3-ELEMENT BEAM ANTENNA — Model #29 
The elements are made of adjustable duraluminum sleeves which 

telescope together. Spacing between elements is also adjustable. De-
signed for strength and durability to withstand high winds and ice. 
Impedance of 68 ohms matches 72 ohm line. Price $39.50. 

NEW 6-ELEMENT "DUAL-TEN" BEAM ANTENNA—Model #29X 
This new "Dual-Ten" is for those who want the ultimate in a high-gain 

10-meter beam. It consists of two complete 10-meter beams vertically 
polarized and spaced one-half wavelength apart. 
— Actual power gain of 6 (7.8 db.). 
—  Rugged 11 " standard pipe used for the supporting structure. 
—  Can be bolted directly to the Workshop Rotator. 
— Broad band characteristics. 
Complete " Dual-Ten" Antenna with instructions. Price $100. 
20-METER 3-ELEMENT BEAM ANTENNA — Model # 14 

This big 3b-foot bean' iiicui all of the refinements of design — 
both electrical and mechanical — which distinguish the other Workshop 
beams. The large span demands both light weight and rigidity for smooth 
rotation and the ability to withstand high winds and ice loading. This is 
provided by two rugged duraluminum 2-inch diameter booms which 
make up the supporting structure. The elements are carefully designed 
for a minimum of sag and taper from 13d" diameter down to 3e di-
ameter. Price $120. 
ANTENNA MAST AND MOUNT — Model #AM 

This rugged tubulat steel mast is made in two 4-foot sections which, 
when joined together, provide an overall length of 7 feet. The com-
plete kit contains all the bolts and brackets necessary for installation. 
Price $8.25. 
MODEL #AM1 
Extra 4-foot sections of mast to heighten Model —AM. Price . . . . $1.30. 

WORKSHOP ROTATOR 
Low loss coaxial line unbroken from transmitter to antenna, eliminates 

costly, troublesome impedance matching relays, coupling devices, ro-
tating joints, etc. Rotation automatically stops at North so that the 
breaking or twisting of coax lines is impossible. 
— Full 360 rotation at 1 RPM. Reverses instantly from any point. 
— Single switch on Indicator controls rotation. 
— Sturdy base plate mounted on ball thrust bearing handles 500-pound 

load with ease. (All other bearings are oil-less.) 
— Heavy-duty motor, 110V-AC, with high gear ratio. 
— Rotator housed in weathertight aluminum casting, 

9" x 9" x 6"— weight, 27 pounds. Price. . $157.50. 

THE WORKSHOP ASSOCIATES, INC. 
Specialists in High Frequency .4ntennas 

66 Needham Street . Newton Highlands 61, Mass. 



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 

.7he Atóiructograph. 
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 Gard 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 
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Leo, WOGFO of the new 275 Wolf Globe King Kit 

Amateurs 'Round the World . . . 
SAVE WITH WRL 
THE NEW WRL 275 WATT xmirR KIT. A versatile, advanced 
design transmitter kit that will give you top performance on 6, 
10, 20, 40 and 80 meter bands on CW and lone. Has RF exciter 
section capable of 40 watts input on all bands including 6 meters; 
RF Final: Speech Amplifier and Modulator capable of modulating 
inputs from 300 to 350 watts; and a Dual Power Supply. Comes 
in gray streamlined gray crackle finish steel cabinet, 28%" high 
x 22" wide x 144" deep. Send today for complete descriptive 
literature. 
Includes, complete set tubes, meters, coils and cabinet. 

KIT FORM WIRED AS LOW AS 

$356.45 $376.45 $70 DowN 

WRL EQUIPMENT GUARANTEED OR YOUR MONEY BACK 
A PROVEN 1947 SUCCESS 

WRL GLOBE TROTTER 

XMTR KIT 

Hams everywhere say it's 

the hottest transmitter kit 

on the market. You will, 

too, once you've used it. 

It's a 40 watt input kit 

including all parts, power 

supplies, chassis, panel 

and streamlined cabinet. 
U'rite for export prices. 

KIT FORM, $69.95 WIRED, $79.50 As low as $13.99 
(1 set coils. tube.. meters $17.15 extra) 

Leo offers you more . 
lianas all over the world are enjoying our personal 
service, fast delivery, liberal trade-ins and Easy Pay-
ment Plan. We make it easy to buy and easy to pay for 
equipment you want. If you would like a new trans-
mitter or receiver just write and tell us what you want, 
the make and model you now have, and I'll answer 
your inquiry the saine day giving you your trade-in 
allowance. Many times it will serve as a down payment 
on new gear. Dollar for dollar you will get MORE at 
WRL. Write me for anything you want. We can fill 
your needs. 

Get Acquainted Offer 
GIANT RADIO REFERENCE MAP 

Just right for your control room wall. 
Approximately 4' x 3'. Contains major 
networks, time zones, amateur zones, 
leading shortwave stations, standard 
broadcast stations, monitoring stations, 
etc. 

ceo e fIGFQ 

TODAY and 

NO RED TAPE- WE FINANCE 
OUR OWN PAPER. USE 

LEO'S EASY PAY PLAN 
Item Liberal Trade-ins cggh 

licrafters 538  Down 

Halberd tem SP44  $ 47.50 $ 9.50 

Price Payment 
Hal 

Hallicrafters SX43  275.00 55.00 

•7111 179: 89: 
Halberd tem 540A  

Hallicraftera SX42  

Hank:rafter. HT-9 Transmitter  
Iii:t «cr:f11:: 18-1171178 Prroristeet: and ECO ...   Zle:::00e  ?e,:::::: 

RME-84  86.60 17.35 
EME VH-F-I52  
RME DB-22 Premlector  

IL ME-45  :88::: IN: 

Hammarlund HQ I29X with speaker  1778: 701: e..7.: R ME HE 10-20 Converter  
189.15 37.83 

Stancor ST-202A Transmitter Kit  
II arnmarlund SPC400X with speaker  

New National NC-57  39980291,502005 77 I 987: .  • 64 54 45 
National NC46   97.50 19.50 
National 1-10A   
National NC173  67.50 13.50 

National FIRO-7 Complete  225. 00 45.00 

179.55 35.90 
National NC240FT or NC240D R  

311.36 62.27 
National NC183 with speaker   269.00 53.80 
Gon-Set Converter.   

Menions, Signal Shifter  54 82 : 85 08 1 08 : 8 85 0 

7.99 
Collins 70E-8  39.95 
Bud VF0-21  

99.50 19.90 
New Micro-Maid. Unit  

27.50 5.90 Millen R-9er  24.71 4.95 
BB-27 10 meter converter F.B. for 348  29.50 

WRL exciter unit wired   72 . 45 I 84 : 84 98 
Sonar Mobile MB-611 transmitter   

Sonar VFX-680  39. 45 

Millen 90800 exciter  23.95 4.79 
mitter  42.50 

87. 45 1787...485980 
Sonar XE-10 trans  

Workshop 28 megacycle beam 3 element  39 . 50 
Workshop 6 element 28 megacycle type  100. 00 207:8008 
Workshop 20 meter beam 3 element  
Gordon Rotary Benin  1 27 85 ..0 0 8 8 7 454 ..  08 8 2 0 

ilior Direct-O-Beam  
New Beach ECO  117.00 23.40 

32.50 7.50 

I woe, 
iaep 

744 Wartineg. WO LA. 
Coo - eat •-•48 

I 0 e nedlitillte"lay °ItlEs 

I g SSZ1 data 

25f 7 eze.d...ezeoutt„,,,„ .end 
ta at once 

• . • 

* • • . • . . •  • ' • • • Can Cett•• • •e • 
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AUDELS REFRIGERATION & 
AIR CONDITIONING GUIDE $4 

New from Cover to Cover-1280 Pages, Fully Illus. Covering 
basic principles, servicing, operation ds repair of household, com-
mercial Oc industrial refrigeration & air conditioning. A gold 
mine of essential important (acts for engineers, servicemen, users. 

AUDELS CARPENTERS 8c BUILDERS 
GUIDES-4 Vols.  $6 

A practical illustrated trade assistant on modern construction tut 
carpenters, joiners, builders, mechanics and all woodworkers. .1 
vols., 1600 pages, 3700 illustrations. flexible covers. Pocket size. 
Each volume sold separately $ 1.50 a vol. 

AUDELS AUTOMOBILE GUIDE $4 
A practical quick ready reference book for auto mechanics, service 
men, operators & owners. Explains theory, construction & servie. 
inc of modern motor cars, trucks, buses & auto typo Diesel en-
gines. 1700 pages, fully illustrated. 55 chapters. Indexed. A 
standard book for mechanics. New fluid drive covered. 

AUDELS DIESEL ENGINE MANUAL-$2 
A practical, concise treatise with questions and answers on the 
theory, operation and maintenance of modern diesel engines in-
cluding General Motors 2 cycle Diesel. 384 pages, fully illus., 
lienible binding, pocket size. All details plainly brought out, this 
book is of extreme value to engineers, operators & students. 

2110jPeels".11ustrfie!lives DIAGRAMS !Ls onSwiring  of$1 
210 apparatus. It shows clearly how to wire apparatus for prac-
tically all fields of electricity. Each diagram is complete & self-
explanatory. Highly Endorsed Pocket Companion. 

AUDELS PLUMBERS & STEAMFITTERS 
GUIDES-4 Vols.  $6 

A Practical Trade Assistant & Ready Reference. Explains in plain 
language & by clear illustrations, diagrams, charts, graphs, pic-
tures principles of modern plumbing practice including Marine 
Pipe Fitting and Air Conditioning. 4 Vola- 1670 Pages-3642 
Diagrams. Pocket size. Each Vol. Sold Separately $ 1.50 a Vol. 

AUDELS SHEETMETAL WORKERS 
HANDY BOOK $1 

Practical inside information. Fundamentals of Sheet Metal Work. 
388 pages. Illustrated. 11 sections. Clearly written. Essential & 
Important facts, figures, pointers in everyday language. Ref. Index. 

AUDELS SHEETMETAL 
PATTERN LAYOUTS S4 

Developed by Experts for Sheet Metal Workers, Layout Men & 
Mechanics. A Practical Encyclopedia in 10 Sections, size 7 x 10 
a 2-1125 Pages-350 Layouts-1600 Illustrations. 1001 Key 
Facts. Fully indexed for ready reference in answering your layout 
problems. Covers all phases of sheet metal work including Pattern 
Cutting, Pattern Development & Shop Procedure. 

AUDELS ANSWERS ON 
BLUE PRINT READING $2 

For Mechanics & Builders. Covers all types of blue print reading 
including ship & airplane. 416 pages, fully illustrated. 

AUDELS NEW MACHINIST & 
TOOLMAKERS HANDY BOOK $4 

Covers modern machine shop practice in all its branches. 5 prac-
tical books in 1. New from cover to cover. Tells how to set up & 
operate lathes, screw and milling machines, shapers, drill presses 
and all other machine tools. 1600 pages, fully illustrated, 5 x 61‘ 
a 2. Indexed. 5 sections. 1—Modern Machine Shop Practice. 2— 
Blue Print Reading & How to Draw. 3—Calculations & Mathe-
matics for Machinists. 4—Shop Physics. 5—How to tse the 
Slide Rule. 60 chapters. Easy to read and understand. A shop 
companion that answers your questions. 

AUDELS MATHEMATICS & 
CALCULATIONS FOR MECHANICS $2 
Mathematics for home study or reference. 700 pages, 550 illus. 
Practical mathematics from beginning. How to figure correctly. 
Easy, correct methods covering complete review. Illus. & Indexed. 

AUDELS HANDY BOOK OF 
PRACTICAL ELECTRICITY $4 

For maintenance engineers, electricians ds all electrical workers. 
1440 Pages, 2600 Illus. Covers important electrical information 
in handy form—including Marine Wiring, Radio Principles. 
Welding. Indexed. AKey to a practical understanding of electricity. 

AUDELS RADIOMANS GUIDE $4 
A key to the practical understanding of radio including Frequency 
Modulation, Television, etc., Aircraft & Marine Radio. For radio 
engineers, servicemen, amateurs, 914 Pages, 633 Illustrations & 
Diagrams. Photos. Review Questions & Answers. Reference Index. 
Authentic, clear, concise. 

AUDELS ELECTRONIC DEVICES $2 
Tells What You Want to Know About Electric Eye. Easily Under-
stood. Covers photo-electric cells & their applications. Amplifiers, 
illumination, frequencies, voltage, photocell, tubes, Ohm's Law, 
wiring diagrams, etc, 

AUDELS WELDERS GUIDE $1 
A concise, practical text on operation & maintenance of all welding 
machines for all mechanics. Over 400 pages. Illustrated. Covers all 
methods of electric and acetylene welding including airplane work. 

AUDEL, Publishers, 49 W. 23 St., N. Y. 10 
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AN AUDEL GUIDE IS A GOOD FRIEND! 
Step Up Your Own Skill with the Practical Facts and Figures of 

Your Trade. Save time and money with right methods, short cuts, 

labor saving ideas. CHECK NOW! You can look over any 

Audel Guide in your home. Start the Easy Payments if satisfied. 

FIRM curimCUT IFIIEREim 

'MAIL ORDER 
• THEO.AUDEL&CO.,49W.23St.,NewYork10,N.Y. 

Please mail me for 7 days' free examination the books 

II marked (X) below. I agree to mail $1 in 7 days on each 
g book or set ordered, and to further mail $1 a month on 
▪ each book or set ordered until I have paid purchase price. 

If I am not satisfied with Guides I will return them. 

DAudeIs ELECTRIC MOTOR GUIDE 54  
CAudels OIL BURNER GUIDE . . . . . . 1. 
CAudels REFRIGERATION & Air Conditioning Guide 4. 
CAudels POWER PLANT ENGINEERS GUIDE 4. 
CAudeis PUMPS, HYDRAULICS & AIR COMPRESSORS 4. 

• CAudels WELDERS GUIDE 1  
DAudels BLUE PRINT READING . . ..... 2. 

I DAudels SHEET METAL WORKERS Handy Book . 1. 
DAudels SHEET METAL PATTERN LAYOUTS . . 4. 
CAudels AIRCRAFT WORKER . . . ..... 1. 
DAudels MATHEMATICS and CALCULATIONS . . 2. 
DAudels MACHINISTS & TOOLMAKERS Handy Book 4. 
CAudels MECHANICAL Dictionary 4  

• DAudels AUTOMOBILE GUIDE 4  
CAudels DIESEL ENGINE MANUAL 2  
DAudels MARINE ENGINEERS Handy Book 4  
DAudels 1. 
PRogers MECHANICAL DRAWING and DESIGN . 2. 
DAudels MILLWRIGHTS and Mechanics Guide . . . 4. 
DAudels CARPENTERS and Builders Guides (4 vols.) . 6. 
DAudelsPLUMBERS and Steamfitters Guides (4 vols.) 6. 

• Citadels MASONS and Builders Guides (4 vols.) . . . 6. 
DMaster PAINTER and DECORATOR . . . . . 
DAudels GARDENERS & GROWERS GUIDES (4 vols.) 6. 
LAudels ENGINEERS & FIREMANS EXAMINATIONS 1. 
DAudels ENGINEERS and Mechanics Guides 

Nos. 1, 2, 3, 4, 5, 6, 7 and 8 complete 12  
• IllAudels Answers on Practical ENGINEERING 1. 
DAudels ELECTRICIANS EXAMINATIONS 1  
DAudels WIRING DIAGRAMS . . . . . 1. 
DAudels Handy Book of PRACTICAL ELECTRICITY 

I DAudels ELECTRICAL POWER CALCULATIONS . 
Olkudels ELECTRONIC DEVICES 2  ill naudeis ELECTRIC Dictionary 2  
DAudels RADIOMANS GUIDE . 4. 
DAudels NEW ELECTRIC LIBRARY at $150 a Volume 

Vols. I, II, III, IV, V, VI, VII, VIII, IX, X, XI, XII 

ll Name  

iAddress  
!Occupation 

Employed by   Q.S.T. 



USEFUL BOOKS 
Basic essentials for li c  
exams; for reference by 
technicians, operators, 
servicemen; for appren-
tice training. 

Introduction to Practical Radio 

By D. J. Tucker. 322 pp. 160 ill. $3 

Based on extensive practical and teaching ex-
perience, this book explains in the clearest, 
most practical terms everything the beginner 
needs to know about the theory, construction 
and operation of radio apparatus. The neces-
sary math is reviewed at the points where it is 
used. The author is owner and operator of 
W5VU (since 1921), and Chief Engineer of 
WRR, KVP, KVPA, Dallas. 

Principles of Radio for Operators 

By Ralph Atherton. 344 pp. 470 $if 

Using methods found so successful in training 
radio personnel for war service, this book 
teaches the operating principles of each radio 
part, including antennas. Hundreds of illus-
trations, simple graphic explanations, dem-
onstrations make learning easy. Much useful-
reference information in the appendix. 

Shop Job Sheets 
in Radio 

By R. N. Auble 

Bk. 1—Fundamentals $ 1.90 

Bk. 2—Service Problems $ 1.90 

In these workbooks large, 
clear working drawings 
accompanied by work-
sheets provide practice in 
wiring and connections, 
use of measuring instru-
ments, operation of basic 
parts, and construction of 
power supplies, amplifiers, 
the superheterodyne re-
ceiver and transmitters. In 
each "job" the objective is 
clearly stated, the funda-
mental theory outlined, 
and the job itself developed 
in a practical what-to-do 
manner. Excellent for vo-
cational and apprentice 
training. 

Engineering handbooks 
and references 

Send/or our latest catalog 
of technical and engi-
neering books. 

We shall be happy to send 
you a copy of any of the 
above books on 10-days' 
approval. For on-approv-
al copies, write to Dept. R. 

An Introduction to Electronics 

By R. G. Hudson. 97 pp. 37 plates. 72 ill. $3.30 
An expert provides the non-specialist with a 
working knowledge of the principles, current 
applications and future possibilities of this 
miracle-working science. The explanation of 
theory and of all basic devices is exceptionally 
clear, easy-to-understand and at the same time 
exact. 

Ultra- High-Frequency Radio 
Engineering 

By W. L. Emery. 295 pp. 131 ill. $3.75 
A brief, practical text covering all essential 
theory with many examples of how to apply it 
in the design, construction and testing of cir-
cuit elements and the prediction of circuit 
performance. Illustrative experiments and ref-
erence tables are given at the end of the book. 

Fundamental Electronics and 
Vacuum Tubes 

By A. L. Albert. 546 pp. 300 ill. $5.50 
A new edition of a standard text, incorporating 
the new developments of the past 5 years. Gives 
a very thorough treatment of theory and exam-
ples of both power and communications 
applications. (Price tentative). 

THE MACMILLAN COMPAN 

A most useful reference for 
ALL who work in radio and 

electronics 

Practical Radio 
Mathematics 

A Handbook of 

Problems and Solutions 

By Bernhard Fischer 

This book shows how to 
set up and solve over 350 
typical problems encoun-
tered in radio and elec-
tronics. Arranged for con-
venience under electronic 
topics. Thus, if a solution 
to a problem of cathode-
follower output impedance 
in television is sought, it 
will be found under that 
heading. All calculations 
from those involving cir-
cuit components to those 
concerned with specialized 
elements in modern con-
trol apparatus are covered. 
All solutions are given in 
simple, logical steps with 
NO omissions. Also in-
cludes all electronic for-
mulas, all useful tables, and 
a review of basic math. To 
be published in March, 1948. 

w 60 Fifth Avenue 
New York 11, N.Y. 
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COMPLETE OUTFITTERS 

for the HAM . . . 

COMMUNICATIONS 

AND 

ELECTRONIC 

ENGINEERS 

EUGENE G. WILE 
10 South 10th Street Philadelphia 7, Pa. 

Distributors of 

Nationally Advertised Lines of 

RADIO, TELEVISION and ELECTRONIC Partc, 
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Atlantic City Documents! 
THE REQUEST of General AT 

Secretariat of the Interna-

tional Telecommunication 

Union, this society is acting as the 

distribution agency for the public 

sale in the Western Hemisphere of 

the Final Acts of the Atlantic City 

International Telecommunication 

and International Radio Confer-

ences. The League is performing this 

work on a nonprofit basis as a pub-

lic service to the telecommunication 

interests of the American Region, to 

make the documents available sooner 

and more conveniently than if orders 

had to be sent to Switzerland. 

These Final Acts comprise the 

new International Telecommunica-

tion Convention, the International 

Radio Regulations, and all of their 

respective Appendices, Annexes, 

Protocols, Resolutions and Recom-

mendations, including their ill u- t ra-

tions. They are the source material 

on which the regulation of interna-

tional radio communication will be 

based for some years. Of indispensa-

ble reference value to all those con-

cerned with the administration and 

control of communications, the ama-

teur and general student will also 

find them of interest and assistance 

in understanding world communica-

tion problems. 

The price, set by I.T.U., is $ 1.20, 

postpaid, to governments and gov-

ernment agencies, $ 1.50 to all others 

(such as private operating agencies 

and individuals). Remittances 

should be made payable to the 

undersigned society and must yield 

the appropriate amount net in U. S. 

funds. Remittance must accompany 

order — except that in the case of 

government agencies of the Ameri-

can Region which find themselves 

unable, through their internal regu-

lations, to send remittance in ad-

vance, the League will honor the 

order and advise the General Secre-

tariat of the Union at Bern to bill 

the government agency direct. Page 

size 57A x 8Yt inches, white paper, 

heavy paper covers. Now available in 

two editions; specify which is desired: 

French-English Texts: The of-

ficial texts of the conferences, facinec, 

pages in parallel in the two lan-

guages, • set in type, letterpress. 

printed, about 1100 pages. 

Spanish Text: A limited quan-

tity is available of a Spanish trans-

lation prepared by the Conference 

Secretariat. Produced by planograph 

lithography from typewriter text 

copy but including all illustrations 

and charts; about 530 pages. 

The American Radio Relay League, Inc. 
38 La Salle Iload • West IlatrIford 7. Connecticut, U. S. A. 
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for RADIO TELEGRAPHY 

and ELECTRONICS 

elay and 
e tage Keyer 

ut 

46ee, 

High Speed Receiving Assembly 
• SIMPLE No special training re-

quired for maintenance. 
• RUGGED Strongly built. Shock-

mounted, and with all 
parts locked. 

• QUALITY Carefully selected com-
ponents. 

• PERFORMANCE Trouble - free 
operation, 
year-in, year-
out. 

• IMMEDIATE DELIVERY 

E
LECTRONIC and radiotelegraphic experts for a quarter 

century, McElroy engineers and production men have the 

knowledge and experience to provide you with outstanding 

equipment for communications and for training radio operators. 
The speed, accuracy, simplicity, ease of maintenance and extra 

rugged construction of McElroy training equipment make it 
especially suitable for use in the new Reserve Training Program. 

Executive offices at Littleton, Mass. Call Littleton 250. 

MANUFACTURING CORPORATION 

BOSTON AND LITTLETON, MASS. 
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HIGH SPEED TRANSMITTING ASSEMBLY 

The fastest and most accurate com-
munication means in existence! The 
simplest and easiest to maintain! 

TRANSMITTING 

HIGH SPEED RECEIVING ASSEMBLY 

All the operator does is concentrate on 
copying the signals as they run across 
the tape bridge. 

RECEIVING 

AUTO HEAD AND DRIVE AHD-54' 

The uniform speed drive, accu 
rately controlled in words pe 
minute, has a plug-in connec 
tion to the auto head, for eas; 
maintenance. 

RECORDER AND PULLER RPC-547 

Continuously adjustable speed 
is provided by the precision tape 
drive. Square signals al any 
speed! The only recorder with a 
built-in drive! 

SPEED! The McElroy undulator ink recorder can surpass the highest speeds of 
existing transmitters! Allowing a wide margin for development of faster transmitters in 
the future, this equipment will function long and effortlessly at the highest present-day 
operating speeds. 
The McElroy automatic transmitter, simplest and most rugged in radiotelegraph serv-
ice, operates with precision at 600 words per minute. No other mechanical contacting 
transmitter approaches this performance. Only complicated photoscanning keyers can 
match it. 
Prompt delivery on all items, including Kleinschmidt and McElroy Wheatstone per-
forators and McElroy photo tube keyers. 



DEPENDABLE High Speed Communication 

AUTO HEAD HED-547 

Chree speed ranges allow oper-
Ition from 1 to 600 words per 
ninute. The non-fatigue springs 
neasure up to the hardest serv-
ce, year after year. 

RELAY AND VOLTAGE KEYER RVIC-547 

This wholly new circuit application provides keying of the largest 
transmitters without relays. Electronic switching allows either on-oft 
or frequency shift keying. The RVK-547 is constructed for rack and 
panel mounting. Tubes are horizontally placed for easy performance 
test during operation. 

By SKILLED Communications Engineers 

TAPE PULLER CTP-547 

. principle new to automatic 
idiotelegraphy results in a 
)ng life tape-drive mechanism 
,hich maintains unvarying 
3eed at any setting. 

DIFFERENTIATING AMPLIFIER RDA-946 

Two simple controls maintain sharp, clear signals no matter what the 
speed of reception. Circuits compensate for fading and poor trans-
mission. All parts are readily accessible for voltage and resistance 
readings, making preventive maintenance easy and routine. 

of long EXPERIENCE and INTEGRITY 

McELROY MBOASNTUOFNA CATNUDR I LN1GT CLOERTP0 ONR AMTAI SO: 
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In 

keeping 

with its 

policy of pro-

viding all services 

within its power, 

The American Radio 

Relay League makes 

available to amateurs and 

would-be amateurs literature 

properly prepared to present in 

the best form all available informa-

tion pertaining to amateur radio. The 

fact that its offices are the national and 

international headquarters of radio ama-

teurs, makes League publications authoritative, 

complete, up-to-the-minute; written from a thor-

oughly practical amateur's point-of-view. These pub-

lications are frequently revised and augmented to 

keep abreast of the fast-changing field. All are 

printed in the familiar QST format which permits 

thorough but economical presentation of the 

information. Most of the publications and 

supplies described in the following pages 

are handled by your dealer for your 

convenience. 

• 

The American 
Radio Relay 

League 
Inc. 
WEST 

HARTFORD 

7 

CONN. 

12 D 



all in na 

THE 
OFFICIAL 
MAGAZINE 

OF THE 

AMERICAN 
RADIO RELAY 

LEAGUE 

QST faithfully and adequately 

reports each month the rapid devel-

opment which makes Amateur Radio 

so intriguing. Edited in the sole interests of 

the members of The American Radio Relay 

League, who are its owners, QST treats of equip-

ment and practices and construction and design, 

and the romance which is part of Amateur Radio, in a 

direct and analytical style which has made QST famous 

all over the world. It is essential to the well-being of any 

radio amateur. QST goes to every member of The American 

Radio Relay League and membership costs $ 3.00 in the United 

States and Possessions, $ 3.50 in the Dominion of Canada, $4.00 in 
all other countries. Elsewhere in this book will be found an applica-

tion blank for A.R.R.L. membership. 

• 

For thirty-three years (and 

thereby the oldest American 

radio magazine) QST \has been the " bible" 
of Amateur Radio. 



Ill MI MI m am NI IN 

1151 
BINDERS 

Price $ 2.00 each, postpaid 
Available only in U. S. and Possessions 

Those who take pride in the appearance 

of their bookshelf and wish to keep their 

reference file of QST's in a presentable man-

ner, appreciate the QST binder. It is stiff-covered, 

finished in beautiful and practical fabrikoid. Cleverly 

designed to take each issue as received and hold it firmly 

without mutilation, it permits removal of any desired issue 

without disturbing the rest of the file. It accommodates 12 

copies of QST. Opens flat at any page of any issue. 

With each Binder is furnished a sheet of gold and black gummed 

labels for years 1929 through 1949. The proper one can be cut 

from the sheet and pasted in the space provided for it on the 

back of the binder.The back copies of QST contain the record 

of development of modern amateur technique. They are 

invaluable as technical references. Some back copies 

are available— list will be sent upon request. 
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Zia 

' Ihe radio 
amaleur 
handbook 

The 

Handbook 

tells the things 
which are needed for a 

comprehensive understanding 

of Amateur Radio. From the story 
of how Amateur Radio started through 

an outline of its wide scope of the pres-
ent— from suggestions on how to learn the 

code thrcugh explanations of traffic-handling 

prccedure and good operating practices—from 
electrical and radio fundamentals through the 

design, construction, and operation of amateur 
equipment— this book covers the subject 
thoroughly. It includes the latest and the 

\\\\ il 
best information on everything in 
Amateur Radio. 

$2.00 

U.S., Its Possessions and Canada 

$2.50 Elsewhere 

Buckram Bound 

$3.00 

T h e 

standard 
elementary 

guide for the pro-

spective amateur. Features 
equipment which, although sim-

ple in construction, conforms in 

every detail to present practices. 
The apparatus is of a thoroughly prac-

tical type capable of giving long and 
satisfactory service— while at the same time 

it can be built at a minimum of expense. The 

design is such that a high degree of flexibility is 

secured, making the various units fit into .the 
more elaborate station layouts which inevi-

tably result as the amateur progresses. 

Complete operating instructions and 

references to sources of detailed 

information on licensing pro-

cedure are given. 

25e 
Postpaid 

Anywhere 

BECOME 
A RADIO I 
AMATEUR 
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IINTS e 
KINKS 

for . 1..• % optateur 
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ob. ,rie,•••• IN-••••••.1d: 

1••••• • 

2.1411Upe•-••••••••••••• 

Pro., 

3•11.1.••• 

geed 

Ama-

teurs are 

noted for their 

ingenuity in overcom-

ing by clever means the minor 
and major obstacles they meet 

in their pursuit of their chosen hobby. 

An amateur must be resourceful and a 

good tinkerer. He must be able to make a 

small amount of money do a great deal for 

him. He must frequently be able to utilize the con-

tents of the junk box rather than buy new equip-

ment. Hints and Kinks is a compilation of 

hundreds of good ideas which amateurs 

have found helpful. It will return its cost 

many times in money savings — 

and it will save hours of time. 

50c 
Postpaid 

A 

compre-

hensive manual 

of antenna design and 

construction, by the head-

quarters staff of the American 

Radio Relay League. Eighteen chap-

ters, profusely illustrated. Both the theory 

and the practice of all types of antennas 

used by the amateur, from simple doublets 

to multi- element rotaries, including long wires, 

rhomboids, vees, phased systems, v.h.f systems, 

etc. Feed systems and their adjustment. 

Construction of masts, lines and rotating 
\ \\I 

mechanisms. The most comprehensive 

und r e 1;a b le information ever 

published on the subject. 

50c 
Postpaid 
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THE RADIO AMATEUR S 

LICENSE 
UANUAI, 

A 

PU11151111., IV 111F1.11 RADIO IttlialfIGUE 

To 

obtain an 

amateur opera-

tor's license you must pass 

a government examination. The 

License Manual tells how to do that 

—tells what you must do and how to do 

it. It makes a simple and comparatively 

easy task of what otherwise might seem diffi-

cult. In addition to a large amount of general 
ma 

information, it contains questions and answers 

such as are asked in the government ex-

aminations. If you know the answers to 

the questions in this book, you can 

pass the examination without 

trouble. 

25c 
Postpaid 

This 
booklet is 

designed to 
train students to 

handle code skillfully and 
with precision, both in sending 

and in receiving. Employing a novel 
system of code-learning based on the 

accepted method of sound conception, it 
is particularly excellent for the student who 

does not have the continuous help of an ex-

perienced operator or access to a code machine. 
an It is similarly helpful home-study material for mem-

bers of code classes. Adequate practice material is 
included for classwork as well as for home-study. 

There are also helpful data on high-speed 
operatiop, typewriter copy, general operating 

information— and an entire chapter on 
tone sources for code practice, including 

the description of a complete code 
instruction table with practice 

oscillator. 

25c 
Postpaid 



TYPE A 

Radio Calculator 

This calculator is useful for the problems that confront the 
amateur every time he builds a new rig or rebuilds an old one 
or winds a coil or designs a circuit. It has two scales for physical 
dimensions of coils from one-half inch to five and one-half inches 
in diameter and from one-quarter to ten inches in length; a 
frequency scale from 400 kilocycles through 150 megacycles; 
a wavelength scale from two to 600 meters; a capacity scale 
from 3 to 1,000 micro-microfarads; two inductance scales with 
a range of from one microhenry through 1,500; a turns- per-inch 
scale to cover enameled or single silk covered wire from 12 to 
35 gauge, double silk or cotton covered from 0 to 36 and 
double cotton covered from 2 to 36. Using these scales in the 

simple manner outlined in the instructions on the bock of the 
calculator, it is possible to solve problems involving frequency 
in kilocycles, wavelength in meters, inductance in microhenrys 
and capacity in microfarads, for practically all problems that 
the amateur will have in designing—from high-powered trans-
mitters down to simple receivers. Gives the direct reading 
answers for these problems with accuracy well within the 
tolerances of practical construction. $ 1.00 Postpaid. 

Lightning Calculators 
Aware of the practical bent of the average 
amateur and knowing of his limited time, the 
League, under license of the designer, W. P. 
Koechel, has made available these calcula-
tors to obviate the tedious and sometimes 
difficult mathematical work involved in the 
design and construction of radio equipment. 
The lightning calculators are ingenious de-
vices for rapid, certain and simple solution 
of the various mathematical problems which 
arise in radio and allied work. They make it 
possible to read direct answers without 
struggling with formulas and computations. 
They are tremendous time-savers for ama-
teurs, engineers, servicemen and experi-
menters. Their accuracy is more than adequate 

for the solution of practical problems, and 
is well within the limits of measurement by 
ordinary means. Each calculator has on its 
reverse side detailed instructions for its 
use; the greatest mathematical ability 

required is that of dividing or multipling 
simple numbers. They are printed in several 
colors. You will find lightning calculators the 
most useful gadgets you ever owned. 

TYPE B 

Ohm's Law Calculator 
This calculator has four scales: a power scale from 10 
microwatts through 10 kilowatts, a resistance scale from 
.01 ohm through 100 megohms, a current scale from 1 
microampere through 100 amperes, a voltage scale from 
10 microvolts through 10 kilovolts. 

With this concentrated collection of scales, 
calculations may be made involving voltage, 
current, and resistance, and can be made 
with a single setting of a dial. The power or 
voltage or current or resistance in any circuit 
can be found easily if any two are known. 
This is a newly-designed Type B Calculator 
which is more accurate and simpler to use 
than the justly-famous original model. It will 
be found useful for many calculations which 
must be made frequently but which are often 
confusing if done by ordinary methods. All 
answers will be accurate within the tolerances 
of commercial equipment. $ 1.00 Postpaid. 



STATION OPERATING 

LOG 

BOOK 
As can be seen in the illustration, the log 
page provides spaces for all facts per-
taining to transmission and reception, and 
is equally as useful for portable or mobile 
operation as it is for fixed. The log pages 
with an equal number of blank pages for 
notes and a sheet of graph paper are 
spiral bound, permitting the book to be 
folded back flat at any page, requiring 
only the page size of 81/2  x 11 on the 
operating table. In addition, a number 
sheet, with A.R.R.L. Numbered Texts print-
ed on back, for traffic handlers, is in-
cluded with each book. 

50c per book 

Official Radiogram 
Forms 

The radiogram blank is designed to comply 
with the proper order of transmission. All 
blocks for fill-in are properly spaced for 
use in typewriter. It has a heading that you 
will like. Radiogram blanks, 81/2  x 71/4 , 
lithographed in green ink, and padded 100 
blanks to the pad, 25c per pad, postpaid. 

Message Delivery 
Cards 

Radiogram delivery cards embody the 
same design as the radiogram blank and 
are available in two styles— on stamped 
government postcard, 2c each; unstamped, 
1 c each. 

The operating supplies shown on this page have been 
designed by the ARRE. Communications Deportment. 



MEMBERSHIP 

Mani 

Tel!:. Am t..5.11.Ç AN FtAO5 .., 

0111, Members' 
Stationery 

Members' stationery is lithographed 
on standard 81/2  x 11 bond paper 
which every member should be proud 

to use for his radio corre nondence. 

100 Sheets, $ 1.00 250 Sheets, $1.50 

500 Sheets 

$2.50 

postpaid 

In the 

January, 

1920 issue of 

QST there appeared 
an editorial requesting 

suggestions for the design of an 
A.R.R.L. emblem—a device whereby 

every amateur could know his brother amateur 
when they met. In the July, 1920 issue the design 

was announced— the familiar diamond that greets you 
everywhere in Ham Radio. For years it has been the 

unchallenged emblem of amateur radio. 
- -

The League Emblem, with gold border and lettering, and with black enamel back-

ground, is available in either pin ( with safety clasp) or screw-back type. In 

addition, there are special colors for Communications Department ap-

pointees. • Red enameled background for the SCM. • Blue enameled 

background for the ORS or OPS. 

50c each postpaid 

The Emblem Cut. A mounted printing 

electrotype, W' high, for use by mem-

bers on amateur printed mat-

ter, letterheads, cards, etc. 

$1.00 

each 

postpaid 



II  
To Manufacturers of 

Products Used in Short-Ware 

Radio Communication 

THE RADIO AMATEUR'S HANDBOOK is the world's 
standard reference on the technique of high-frequency 
radio communication. Now in its twenty-fifth an-
nual edition, it is used universally by radio engineers 
and technicians as well as the thousands of amateurs 
and experimenters. Year after year, it has sold more 
widely, until the Handbook now has a world-wide 
annual distribution greater than any other tech-
nical 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, we offer use of 
space in the Handbook's Catalog-Advertising Section. 
Testimony to its effectiveness is the large volume of 
advertising which the Handbook carries each year. It 
is truly the standard guide for amateur, commercial 
and government buyers of short-wave radio equip-
ment. Particularly valuable as a medium through 
which complete data on products can be made easily 
available to the whole radio engineering and experi-
menting field, it offers a surprisingly inexpensive 
method of producing and distributing a creditable 
catalog, accomplishes its production in the easiest 
possible manner, and provides adequate distribution 
and permanent availability impossible to attain by 
any other means. We solicit inquiries from qualified 
manufacturers who wish full data for their examina-
tion when catalog and advertising plans are under 
consideration. 

ADVERTISING DEPARTMENT . . . 

_taterican Radio Relay League 
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